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There is limited research on the effect of dietary quality on hepatocellular carcinoma (HCC) risk 

in populations with relatively high risk of HCC. Using data from Singapore Chinese Health Study, 

a prospective cohort study, of 63 257 Chinese aged 45 to 74, we assessed four diet-quality index 

(DQI) scores: the Alternative Health Eating Index-2010 (AHEI-2010), Alternate Mediterranean 

Diet (aMED), Dietary Approaches to Stop Hypertension (DASH) and Heathy Diet Indicator 

(HDI). We identified 561 incident HCC cases among the cohort participants after a mean of 17.6 

years of follow-up. Cox proportional hazard regression model was used to estimate hazard ratio 

(HR) and 95% confidence interval (CI) for HCC in relation to these DQI scores. Unconditional 

logistic regression method was used to evaluate the associations between DQIs and HCC risk 

among a subset of individuals who tested negative for hepatitis B surface antigen (HBsAg). High 

scores of AHEI-2010, aMED and DASH, representing higher dietary quality, were associated with 

lower risk of HCC (all Ptrend < .05). Compared with the lowest quartile, HRs (95% CIs) of HCC 

for the highest quartile of AHEI-2010, aMED and DASH were 0.69 (0.53–0.89), 0.70 (0.52–0.95) 

and 0.67 (0.51–0.87), respectively. No significant association between HDI and HCC risk was 

observed. Among HBsAg-negative individuals, similar inverse associations were observed, and the 

strongest inverse association was for aMED (HRQ4vsQ1 = 0.46, 95% CI: 0.23–0.94, Ptrend = .10). 

These findings support the notion that adherence to a healthier diet may lower the risk of HCC, 

suggesting that dietary modification may be an effective approach for primary prevention of HCC.
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1 | INTRODUCTION

In 2018, liver cancer was ranked sixth most common cancer and fourth leading cause of 

cancer death worldwide.1 More than 90% of primary liver cancer cases are hepatocellular 

carcinoma (HCC).2 The established major risk factors for HCC are chronic infection with 

hepatitis B virus (HBV), hepatitis C virus and alcohol abuse, of which approximately two-

thirds of HCC cases are attributable to viral hepatitis.3 In the United States, the incidence 

rate of liver cancer has been increasing by 3% to 4% per year since the mid-1970’s and 

was three times higher in the 2012 to 2016 period than in the 1975 to 1979 period.4 

The rising incidence of liver cancer is believed to be attributable to increasing prevalence 

of nonalcoholic fatty liver disease (NALFD), which is closely associated with obesity 

and diabetes. With the implementation of effective universal hepatitis B vaccination and 

available curative therapy for hepatitis C, it is expected that the impact of NAFLD on HCC 

development continues increasing.

Evaluating the role of diet in the development of health outcomes is a challenging task 

due to the synergistic interaction of different nutrients and compounds within individual 

foods as different foods that are consumed together.5 In 2012, the National Cancer Institute 

launched the Dietary Patterns Methods Project (DPMP) with the aim to strengthen research 

evidence on dietary indices, dietary patterns as well as health for the Dietary Guidelines 

for Americans.6 In DPMP, four diet-quality indices (DQIs) were developed to capture 

full aspects of diet, the complexity of foods, nutrients and beverages consumed and 
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their associations with cancers and cardiovascular diseases. These four DQIs, based on 

comprehensive literature review, included: (a) the Healthy Eating Index-2010 (HEI-2010); 

(b) the Alternative Health Eating Index-2010 (AHEI-2010); (c) the Alternate Mediterranean 

Diet (aMED) and (d) the Dietary Approaches to Stop Hypertension (DASH).5

Few prospective cohort studies have examined the role of dietary patterns, using these DQIs 

in the development of HCC. To date, only four prospective cohorts, all conducted in the 

United States,7–9 have evaluated the association between these DQIs and risk of primary 

liver cancer or specifically HCC and reported that AHEI-2010, aMED and DASH were 

inversely associated with the risk of HCC.

People living in Asia have different dietary habits from those in the United States, such as 

lower consumption of alcohol, soy foods and rice, and lower consumption of dairy products 

and red meat.10,11 To our knowledge, no prospective study has been conducted in an Asian 

population that examines the association between measures of dietary quality and HCC 

risk. We, therefore, evaluated the association between the DQIs and the risk of developing 

HCC, using data from the Singapore Chinese Health Study (SCHS), a population-based 

prospective cohort of more than 60 000 individuals with up to 25 years of follow-up.

2 | METHODS

2.1 | Study population

Data for the current analysis were obtained from the SCHS, which was described in details 

elsewhere.12 Briefly, the SCHS is an on-going population-based prospective cohort study 

that recruited 63 257 Chinese men and women, aged 45 to 74 from two main dialect groups 

of Chinese in Singapore (ie, Hokkiens and Cantonese) who resided in the government-built 

housing estates between April 1993 and December 1998. The Hokkiens and Cantonese, who 

accounted for more than two-thirds of Chinese in Singapore, were originated from the Fujian 

and Guangdong provinces in Southern China.

At baseline, participants were interviewed at their homes by trained interviewers, using a 

structured questionnaire to collect information on demographics, body weight and height, 

lifetime use of tobacco, current physical activity, menstrual/reproductive history (women 

only), occupational exposure, medical history and family history of cancer. During 1994 

to 1999 recruitment period, blood and urine samples were collected from a 3% random 

sample of cohort participants. Between July 1999 and December 2003, all surviving cohort 

participants were recontacted to provide blood and urine samples. Participants were asked 

by phone interview to provide update information on alcohol use, tobacco smoking, medical 

history, current physical activity and body weight. They were also asked to donate a blood 

and if declined, a mouthwash sample was collected instead and urine samples for research 

use. Of all the subjects that we recontacted successfully, 28 346 subjects (approximately 

57%) consented to donating blood for research.

2.2 | Dietary assessment

Dietary assessment in SCHS was performed using a semi-quantitative food frequency 

questionnaires (FFQs) that was validated against a series of 24-hour dietary recall (24-HDR) 
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interviews13 and selected biomarker studies on random subsets of cohort participants (n 

= 810).14,15 The FFQ contained 165 food items and food groups commonly consumed in 

Singapore. Study participants were asked how frequently (in eight categories: ranging from 

“never or hardly ever” to “two or more times a day”) they consumed the food or food 

group and followed by a question on the amount of food consumed, using photographs 

to choose from three portion sizes (ie, small, medium, and large). Average daily intake 

of approximately 100 nutrients and nonnutrient compounds was calculated for each study 

participant using the Singapore Food Composition Database.13 Between April 1994 and 

March 1997, the FFQ was validated against two 24-HDRs, one on a weekday and the 

other on a weekend that was approximately 2-month apart, among a random sample of 810 

participants of the SCHS. The correlation coefficients between the FFQ and 24-HDR for the 

majority of calorie-adjusted nutrients ranged from 0.24 to 0.79.13

2.3 | DQI scores

Four DQI scores were created using the dietary information from the SCHS FFQ in the 

current analysis. These DQIs were AHEI-2010, aMED, DASH and Heathy Diet Indicator 

(HDI). Previously, we identified two distinct Chinese dietary patterns in the SCHS, 

including the vegetable-fruit-soy (VFS) pattern, which was characterized by vegetables, 

fruit, and soy food and the meat-dim-sum (MDS) pattern, which was rich in meat and 

refined starchy foods.16 AHEI-2010 was chosen in our analysis because the VFS pattern and 

the aHEI-201 having similar associations with disease prevention and common beneficial 

good groups. aMED was chosen based on Mediterranean diet whereas HDI reflects the 

World Health Organization (WHO) dietary guidelines. DASH, with primary aim to lower 

blood pressure, was chosen based on its diet of high in fruits and vegetables, moderate in 

low-fat dairy products and low in animal protein but with substantial amount of plant protein 

from legumes and nuts.17 The higher the scores were the better the adherence to dietary 

guidelines.

These four DQIs were calculated based on the food groups and dietary nutrients derived 

from the Singapore Food Composition Database.18 We presented the dietary components 

and standards for scoring in Table S1. In the calculation of these DQIs, daily consumption 

of foods in grams was converted to standard serving equivalents. For example, we defined 

the serving size as follows: 67 g (0.5 cup of local vegetables) to represent one serving of 

vegetables,19,20 16 g to represent one serving of whole grains (ie, one slice of whole-wheat 

bread, 0.5 cup of oatmeal),21 28 g to represent one serving of nuts or one tablespoon (or 

16 g) to represent one serving of peanut butter,19 90 g to represent one serving of fish,20 

and 10 g to represent one serving of alcohol.20 For the representation of healthy dietary 

pattern components, we excluded potatoes and preserved vegetables from total vegetables, 

preserved or dried fruit from total fruit, and sweetened soy products and sweetened bean 

soup from legumes.

2.3.1 | AHEI-2010 score—The AHEI-2010 was originally developed to examine the 

role of foods and nutrients on chronic disease risk22 and has 11 components.19 In our 

analysis, we included nine components: (a) vegetables, (b) fruit, (c) whole grains, (d) 

legumes, (e) long chain (n-3) fat, (f) polyunsaturated fatty acids (PUFAs), (g) red/processed 
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meat, (h) sugar-sweetened beverage and fruit juice and (i) sodium after excluding alcohol 

(an independent risk factor for liver cancer23) and trans fat (unavailable in the study 

population). Each component was assigned a score of 0 to 10 according to the level 

of consumption and healthy/unhealthy status of the component. The summed score of 

AHEI-2010 ranged from 0 to 90. (Supplementary Table S1).

2.3.2 | aMED score—The aMED was originally developed to examine the association 

between dietary habits of Mediterranean populations and the risk of chronic diseases.24,25 

It originally included nine items.26 In our analysis, we included eight components: (a) 

vegetables, (b) fruit and nuts, (c) cereals, (d) dairy, (e) legumes, (f) fish, (g) the ratio of 

monounsaturated fatty acid (MUFA) over saturated fatty acids (SFAs) and (h) meat and 

meat products after excluding alcohol (an independent risk factor23). Each component was 

assigned a score of 0 or 1 according to the consumption level (below or above the study 

population specific median) and healthy/unhealthy status of the component. The summed 

score of aMED ranged from 0 to 8 (Supplementary Table S1).

2.3.3 | DASH score—The DASH was originally developed for hypertension 

management and included eight components.27 In our analysis, we included eight 

components as outlined as: (a) vegetables, (b) fruit, (c) whole grains, (d) nuts and legumes, 

(e) low-fat dairy, (f) red and processed meat, (g) sweetened beverages and (h) sodium. Each 

component was assigned a score of 1 to 5 according to its quintiles of consumption and 

healthy/unhealthy status of the component. The summed score of DASH ranged from 5 to 40 

(Table S1).

2.3.4 | HDI score—The HDI score was originally developed following the 1990 WHO 

Dietary Guidelines to reflect an optimal diet to prevent chronic disease.28,29 In the current 

analysis, we used an updated version of the HDI, following the 2003 WHO Dietary 

Guidelines,30 which included seven components: (a) percentages of energy intake from 

SFAs, (b) PUFAs (g/d), (c) monosaccharide and disaccharide, and protein (mg/d), (d) 

cholesterol (mg/d), (e) fruit and vegetable combined (g/d), (f) total dietary fiber (g/d) and (g) 

nonstarch polysaccharides (g/d). Each component was assigned a score of 0 to 10 according 

to the decile of consumption and healthy/unhealthy status of the component. The summed 

score of HDI ranged from 0 to 70 (Supplementary Table S1).

2.4 | Assessment of other covariates

Body mass index (BMI) was calculated as the weight in kilograms divided by height in 

meters squared. Smoking habits included in the current analysis were smoking status (ie, 

never, current and former smokers).31 For physical activity, we used a continuous scale of 

eight, that is, never, 0.5 to 1, 2 to 3, 4 to 6, 7 to 10, 11 to 20, 21 to 30 and 31 hours 

or more per week, for each of three physical activity categories: (a) strenuous sports (ie, 

jogging, bicycling on hills, tennis, squash, swimming laps, or aerobics); (b) vigorous work 

(ie, moving heavy furniture, loading or unloading trucks, shoveling, or equivalent manual 

labor) and (c) moderate activities (ie, brisk walking, bowling, bicycling on level ground, Tai 

Chi and Chi Kung).32
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2.5 | Ascertainment of HCC case

Incident HCC cases and deaths were identified by annual linkage analysis of all surviving 

cohort participants with the national databases of the Singapore Cancer Registry and 

the Singapore Birth and Death Registry, respectively. The International Classification of 

Diseases—Oncology, second Edition Codes C22.0 were used to determine HCC cases.33 To 

date, only 56 (<0.1%) of the entire cohort participants were known to be lost to follow-up 

due to migration out of Singapore, the ascertainment of incident cancer cases and deaths 

among the cohort participants had been virtually complete. As of December 2015, after 

excluding 1936 participants with a history of cancer at baseline, and with an average 17.7 

years of follow-up, the current analysis identified 561 incident case of HCC in this cohort.

2.6 | Case-control study of HCC

We also constructed a case-control study of HCC within SCHS, which was derived from 

28 346 participants who provided baseline blood samples. All 220 incident HCC cases 

diagnosed before December 31, 2015 who donated a baseline blood sample were eligible for 

the subanalysis. For each case, we randomly selected two to three control subjects. Eligible 

were individuals who donated a baseline blood sample and were alive and free of cancer at 

the date of diagnosis of the index case. Controls were individually matched to the index case 

by age at enrollment (±2 years old), gender, dialect groups (ie, Hokkien, Cantonese), and 

date of baseline blood collection (± 6 months).

Serum samples of all subjects of the case-control study of HCC were tested for serological 

markers of HBV exposure using standard assays as described previously.20,32,33 Laboratory 

personnel were blind on the case/control status of the test samples. Briefly, we tested 

the presence of HBsAg on the first 302 samples using commercialized test kit (AUSRIA, 

Abbott, Laboratories, North Chicago, Illinois). Negative samples were further tested for the 

presence of anti-HBc and anti-HBs, using standardized test kit (Corab and Ausab, Abbott 

Laboratories, North Chicago, Illinois). For the late 360 samples, only was HBsAg status 

determined using the same assay.

2.7 | Statistical analysis

Means and SD were calculated for continuous variables while counts and proportions 

were computed for categorical variables. The t test and χ2 test were used to compare 

the distributions of continuous and categorical variables, respectively, between cases and 

noncases as well as across quartiles of the each high-quality index. Person-years at risk for 

each participant was calculated from the date of blood draw to the date of HCC diagnosis, 

death, migration out of Singapore, or December 31, 2015, whichever occurred first.

The Cox proportional hazard regression method was used to determine the association 

between DQIs and the risk of HCC. Hazard ratios (HRs) and their corresponding 95% 

confidence intervals (CIs) of HCC with higher levels of DQIs (in quartile or continuous 

scale per SD) were derived from the Cox proportional hazard regression models with 

additional potential confounders, which were age, gender, dialect group (Hokkien or 

Cantonese), level of education (no formal education, primary school, secondary or higher 

education), year of enrollment (1993–1995 and 1996–1998), BMI (<25 vs ≥25 kg/m2), 
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smoking status (ever vs never), alcohol drinking (nondrinkers, 1–7 drinks/week and >7 

drinks/week), diabetes (yes vs no) and total energy intake (Kcal/d). Liner trend for HCC 

risk with DQIs was tested based on ordinal values of their quartiles. The proportional 

hazard assumption was assessed using Schoenfeld residuals test and graph for residuals over 

time and was confirmed by an interaction test between predictors and follow-up time. No 

violation was found.

We further performed stratified analysis by BMI level (<25 or ≥25 kg/m2) and history 

of Type 2 diabetes (no or yes). A sensitivity analysis was conducted by excluding HCC 

cases and person-years observed within the first 2 years postenrollment. Furthermore, we 

performed an analysis of the association between individual food and nutrient components 

of the four DQI scores and HCC risk to better understand the differences in results of these 

scores.

We used conditional logistic regression method in analysis for the entire data set of the 

nested case-control study to evaluate the association between a DQI score and the risk of 

HCC with additional adjustment for HBsAg serological status. In the stratified analysis 

by HBsAg status, unconditional logistic regression method was used with the inclusion 

of all matching factors since the matched pairs were broken. All statistical analyses were 

conducted using the computing software SAS version 9.4 (SAS Institute Inc., Cary, North 

Carolina). All P values were two sided and .05 was used as a threshold of statistical 

significance.

3 | RESULTS

After a mean (SD) follow-up duration of 17.6 (5.3) years for 61 321 participants, we 

identified 561 incident HCC cases. The median (inter-quartile range) age at cancer diagnosis 

was 71 years (65, 76).

Cases and noncases did not differ significantly in distributions by level of education, 

physical activity, and consumption of fruits, fiber, fish and total calories. Compared to 

noncases, cases were older and had a higher proportion of men, persons with a Hokkien 

dialect, heavy smokers, heavy drinkers and those with a history of Type 2 diabetes. Cases 

also had a higher BMI and consumed more red meat but less vegetable (all P < .05) (Table 

1).

The correlation coefficients were .65 between AHEI-2010 and aMED, .76 between 

AHEI-2010 and DASH, .31 between AHEI-2010 and HDI, .59 between aMED and DASH, 

.32 between aMED and HDI and .33 between DASH and HDI (all P values <.0001). Across 

the four DQI scores, there were high proportions of Cantonese, participants with higher 

education level, never smokers, nondrinkers and persons with a history of diabetes in the 

highest quartile of the DASH and HDI scores; more persons with a history of diabetes 

in the highest quartile of the AHEI-2010 score; a higher proportion of physically active 

participants in the highest quartile of aMED and HDI scores, compared with the lowest 

quartile of their respective DQIs. Of all four DQIs, participants in the highest quartile 

reported lower consumption of red meat, and higher intake of vegetables, fruits and fiber. 
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However, the intake of fish was higher in the highest quartile of AHEI-2010 and aMED, but 

lower for HDI, and similar for DASH as compared with the lowest quartile of respective 

DQIs (Table 2).

The associations between each of the four DQIs and HCC risk are shown in Table 3. Higher 

scores for AHEI-2010, aMED, DASH and HDI were associated with lower risk of HCC 

(all Ptrend < .05); the corresponding HRs and 95% CIs for the highest quartile compared 

to the lowest quartile were 0.69 (0.53–0.89), 0.70 (0.52–0.95), 0.67 (0.51–0.87) and 0.85 

(0.55–1.09), respectively (Table 3).

In the case-control analysis, we did not find a significant inverse association between the 

AHEI-2010, DASH and HDI indexes and HCC risk (Table 4). We, however, found an 

inverse association between aMED and HCC incidence among HBsAg-negative subjects of 

whom the risk of HCC decreased by more than 50% for those with the highest related to 

the lowest quartiles (HRQ4vsQ1 = 0.46, 95% CI: 0.23–0.94; Ptrend = .10). The analysis for 

HBsAg-positive individuals was not informative due to the small sample size (Table 4).

In the stratified analysis by BMI level, we found statistically significant inverse associations 

for AHEI-2010, aMED and DASH with HCC risk in participants with BMI < 25 kg/m2 or 

those without a history of Type 2 diabetes (Table S2). In addition, highest quartile of DASH 

index was associated with significantly lower risk of HCC in participants with a history of 

diabetes and the highest quartile of HDI with lower risk of HCC in participants without a 

history of diabetes (both Ptrend < .05). We did not find a statistically significant association 

for the DQIs with HCC risk in other subgroups. There was only significant interaction 

between HDI and history of diabetes in the association with HCC risk (Pinteraction = .03) 

(Table S2).

We conducted sensitivity analysis after excluding HCC cases and person-years within the 

first 2 years of observation and found that the results remained almost the same as those 

based on the whole dataset (Table S3). Compared with the lowest quartiles, HRs (95% 

CIs) of HCC for the highest quartiles of AHE-2010, aMED, DASH and HDI were 0.72 

(0.55–0.93), 0.70 (0.51–0.95), 0.69 (0.52–0.91) and 0.79 (0.61–1.02), respectively.

We also evaluated food groups and nutrients that are components of the four DQIs in 

relation to HCC risk. After adjusting for potential confounders, higher intakes of legumes 

and long-chain n-3 PUFAs were associated with a lower risk of HCC while consumptions of 

MDS and PUFAs were associated with increased risk of HCC (Figures 1 and 2).

4 | DISCUSSION

In the current analysis, we found higher scores of four DQIs (ie, AHEI-2010, aMED, DASH 

and HDI), reflecting higher quality dietary patterns, all were associated with a 15% to 33% 

lower risk of developing HCC. The protective effect of DQIs against the development of 

HCC was confirmed among a subset of individuals with negative HBsAg, which ruled out 

the possibility of confounding effect by chronic infection with HBV.
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To our knowledge, this is the first prospective cohort study that used DQI scores derived in 

an Asian population whose dietary habits were distinct from Americans. Our results on the 

association between higher scores of AHEI-2010 and lower risk of HCC are consistent with 

findings among participants of Health Professional Follow-up Study (HPFS) and Nurses’ 

Health Study (NHS),8 the AARP9 and Multiethnic Cohort Study (MEC).7 Our study showed 

a 31% lower HCC risk for those who were most adherent to AHEI-2010. A similar reduction 

(by 28%-39%) in HCC risk was observed in diverse populations (ie, Caucasian, African 

Americans, Hispanic and Asian Americans) with different dietary habits in the United 

States.7–9

Similarly, the reduction in HCC risk was by 30% for those who had highest score of 

aMED in our study as compared with a 25% to 39% risk reduction among participants of 

MEC7 and AARP.9 In addition to prospective cohort studies, a case-control study of two 

Mediterranean countries (ie, Greece and Italy) involving 518 HCC cases and 772 controls34 

reported a statistically significant 50% lower risk of HCC associated with higher traditional 

MED score (≥5) compared with the lowest score (0–3). For DASH score, we found that the 

HCC risk was 33% lower for the highest score compared with the lowest score, which is also 

in line with results in MEC7 HPFS and NHS cohorts8 (a 25%-48% risk reduction). The risk 

reduction for HCC using HDI score was 15% for the highest score in comparison with the 

lowest score, but this score was not examined the other prospective cohort studies.7–9 These 

consistent results from diverse populations suggest that diet plays an important role in the 

risk of HCC development, especially for nonviral-related HCC.

The four evaluated dietary quality scores (ie, AHEI-2010, aMED, DASH and HDI) were 

moderately to highly correlated to each other. These dietary quality scores focused on food 

groups, comprising higher intakes of vegetables, fruits, whole grains, nuts and legumes 

and lower intakes of red meat, sodium and sugar sweetened beverages and fruit juices (ie, 

AHEI-2010 and DASH). In contrast, the HDI score was based on WHO recommendation 

with a focus on nutrients including fatty acids, cholesterol, monosaccharide and disaccharide 

and protein. The differences in compositions of food groups and dietary nutrients between 

DQIs might explain their different associations with HCC risk. The associations of these 

DQIs (ie, AHEI-2010, aMED, DASH and HDI) with HCC risk were comparable to 

one another, suggesting that these DQIs reflected similar dietary patterns in our study 

population. These DQIs were used following dietary patterns for Singaporean Chinese who 

reside in Singapore and are well-represented healthy dietary patterns for reducing risk of 

HCC in this population.

Results from prior studies also suggested that quality of diet contributes to the development 

of obesity, insulin resistance,35 Type 2 diabetes and systemic hepatic inflammation36,37 all 

of which are underlying causes for NAFLD,38 a spectrum of liver diseases from simple 

steatosis, nonalcoholic steatohepatitis (NASH), fibrosis and liver cirrhosis, the underlying 

condition for HCC and vice versa.39,40 Recently, Godos et al41 outlined the possible 

molecular mechanisms of dietary components in aMED that might provide protective effects 

in NAFLD, such as the consumption of fish, nuts and olive oil are associated with higher 

intakes of MUFAs, consequently leading to lower liver inflammation, lipogenesis, oxidative 

stress or steatosis. Whole grain is thought to reduce liver inflammation and increase insulin 
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sensitivity.42 The other possible mechanism that higher levels of vitamins E and D, deriving 

from cooking oils and fish/supplemental foods, help reduce levels of liver inflammation and 

steatosis and increase glucose and lipid metabolism, respectively.43

In the analysis of individual food groups and nutrients in relation to HCC risk, we observed 

a significant inverse association between legumes and HCC risk, but null association for nut 

consumption. In the AHEI-2010 and DASH scores, legumes were combined with nuts, but 

in the aMED score, legumes was an independent component of the score. This suggests that 

using the combined category of “nuts and legumes” in some of the DQI scores may not 

be optimal. In Chinese population, consumption of legumes in the form of soy products is 

often much higher than nut intakes. This finding is consistent with results from the Shanghai 

Women’s Health Study and Shanghai Men’s Health Study in which Zhang et al44 showed 

that legumes and legume products were associated with a lower risk of liver cancer, but 

not nuts. We also found that long-chain n-3 PUFAs was inversely associated with HCC risk 

while total PUFAs was associated with increased risk of HCC. It is well known that PUFAs 

is divided into two groups: n-3 PUFAs and n-6 PUFAs, depending on the position of the 

first double bond from the methyl end of the carbon chain.45 Experimental studies have 

shown that n-3 PUFAs have anti-inflammatory effects via different mechanisms, including 

activation of the anti-inflammatory transcription factor NR1C3 (ie, peroxisome proliferator-

activated receptor γ) and binding to the G-protein-coupled receptor GPR120, disruption of 

lipid raft or alteration of cell membrane phospholipid fatty acid composition.46 However, 

the amount of n-3 PUFAs intake is much less than n-6 PUFAs intakes. In our cohort, the 

intakes of n-3 PUFAs and n-6 PUFAs of the total PUFAs are 10% and 90% (0.5 vs 4.5 g/d), 

respectively. Thus, the positive association between PUFAs intakes and HCC risk found in 

our analysis is driven by the n-6 PUFAs, which is consistent with our prior report47 (ie, n-6 

PUFAs increased HCC risk). The metabolism of n-6 PUFAs is found to increase the levels of 

pro-inflammatory products, including prostaglandin E2, TNF-α, IL-6, plasminogen activator 

inhibitor-1, indirect C-reactive protein or thromboxane,48,49 which have been involved in the 

progression from advanced fibrosis in NASH, to cirrhosis and finally HCC.50,51

Strengths of our study included a prospective study design and large sample size; 

comprehensive evaluation of diet and potential confounding factors; complete and long-term 

follow-up, comprehensive ascertainment of cancer incidence and deaths by via the linkage 

with Singapore national cancer registry and death registry; our ability to evaluate the 

diet-quality score in an Asian population; and finally, the availability of HBsAg testing 

results that allowed us to evaluate the association between DQI scores and HCC without 

the confounding effect of HBV infection. Limitations of our study included the use of the 

baseline assessment of the diet using an FFQ, which was inherent to measurement error 

due to the change in dietary habit over time. However, the study of reproducibility and 

validity of the SCHS FFQ13 showed reasonable correlations between of most groups/items 

and nutrients with those in 24-HDR in our cohort. Furthermore, because of the prospective 

study design, changes in the diet after baseline administration of FFQ would probably result 

in nondifferential misclassification, leading to an underestimation of the true association.52 

Our AHEI-2010 did not include trans fat, but our prior study53 showed that the plasma trans 
fat concentration in our cohort participants was very low, suggesting that this omission had 

limited impact on the AHEI-2010. In addition, because of low intake of dairy products 
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in our cohort participants, total dairy products were used instead of the low-fat dairy 

products in the calculation of DASH score. Although we carefully adjusted for important 

confounding factors, including demographic and lifestyle factors in our analyses, we could 

not rule out the possibility of residual confounding due to imperfectly measured or unknown 

confounders that cannot be excluded.

In summary, our current analysis of a population-based prospective cohort study, for the first 

time in an Asian population, revealed that higher adherence to dietary recommendations, 

reflecting in the AHEI-2010, aMED and DASH, was significantly associated with lower 

risk of HCC incidence. Our findings support adherence to high-quality diet with a focus on 

different healthy plant-based foods, including vegetables, fruits, and nuts/legumes and lower 

consumption of sodium and higher intake of PUFAs for lowering the risk of HCC incidence 

that can be recommended to Chinese and broader to East Asian populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FFQ food frequency questionnaire

HBV hepatitis B virus

HCC hepatocellular carcinoma

HDI Heathy Diet Indicator

HPFS Health Professional Follow-up Study
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MDS meat-dim-sum

MEC Multiethnic Cohort Study
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NAFLD nonalcoholic fatty liver disease
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SCHS Singapore Chinese Health Study
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WHO World Health Organization
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What’s new?

Can improving the daily diet of high-risk populations lower their risk of hepatocellular 

carcinoma (HCC)? In this large, prospective Asian study, the authors found that the 

answer is yes. Three different diet-quality index (DQI) scores were associated with a 

significant drop in HCC risk, by as much as 30%. These included the AHEI-2010, 

aMED, and DASH. These findings suggest that public-health programs emphasizing 

dietary modification may offer an effective strategy for the prevention of HCC.
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FIGURE 1. 
Association between food groups of diet-quality index scores and hepatocellular carcinoma 

in the Singapore Chinese Health Study. Models adjusted for age, sex, dialect, year of 

enrollment, education level, smoking status, coffee drinking status, alcohol drinking status, 

total energy intake, BMI, diabetes status, vegetables, fruits, whole grains, nuts, legumes, 

dairy, SSB, red meat and fish. Fish was removed from the figure as the HR and 95% CI = 

1.00 (1.00–1.00). CI, confidence interval; SSB, sugar-sweetened beverage
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FIGURE 2. 
Association between nutrient components of diet-quality index scores and hepatocellular 

carcinoma in the Singapore Chinese Health Study. Models adjusted for age, sex, dialect, 

year of enrollment, education level, smoking status, coffee drinking status, alcohol 

drinking status, total energy intake, BMI, diabetes status, fiber, long-chain n-3 PUFAs, 

MUFA:SFA ratio, SFA, MDS, PUFAs, protein, sodium, and cholesterol. Sodium and 

cholesterol were removed from the Figure as the HRs and 95% CIs = 1.00 (1.00–1.00). 

PUFAs, polyunsaturated fatty acids, MDS, monosaccharide and disaccharide; MUFAs, 

monounsaturated fatty acids, SFA, short-chain fatty acid,
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