
437

Hepatology CommuniCations, Vol. 3, no. 3, 2019  

High-Quality Diets Are Associated 
With Reduced Risk of Hepatocellular 
Carcinoma and Chronic Liver Disease: 
The Multiethnic Cohort
David Bogumil,1 Song-Yi Park,2 Loïc Le Marchand,2 Christopher A. Haiman,1,3 Lynne R. Wilkens,2 Carol J. Boushey,2 and  
Veronica Wendy Setiawan1,3

Hepatocellular carcinoma (HCC) and chronic liver disease (CLD) are major sources of morbidity and mortality 
globally. Both HCC incidence and CLD mortality are known to vary by race. There is limited research on the as-
sociation between dietary measures and these outcomes in a diverse population. We prospectively investigated the 
associations between four diet quality index (DQI) scores (Healthy Eating Index-2010, Alternative Healthy Eating 
Index-2010, Alternate Mediterranean Diet [aMED], and Dietary Approaches to Stop Hypertension), HCC inci-
dence, and CLD mortality in the Multiethnic Cohort. We analyzed data from 169,806 African Americans, Native 
Hawaiians, Japanese Americans, Latinos, and whites, aged 45 to 75 years. DQI scores were calculated by using a 
validated food frequency questionnaire administered at baseline. During an average 17 years of follow-up, 603 inci-
dent cases of HCC and 753 CLD deaths were identified among study participants. Multivariable hazard ratios 
(HRs) and 95% confidence intervals (CIs) for each DQI were estimated using Cox regression. Higher aMED scores, 
ref lecting favorable adherence to a healthful diet, were associated with a lower risk of HCC (quintile [Q ]5 versus 
Q1 HR, 0.68; 95% CI, 0.51-0.90; trend, P = 0.02). In racial/ethnic-specific analyses, there was no significant het-
erogeneity across groups (interaction, P = 0.32); however, the association only remained statistically significant among 
Latinos (Q4 versus Q1 HR, 0.47; 95% CI, 0.29-0.79; trend, P = 0.006). All DQI measures were inversely associated 
with CLD mortality, with no significant heterogeneity by race/ethnicity. Conclusion: Higher aMED scores were  
associated with a lower risk of HCC. A higher score of any DQI was associated with a lower risk of CLD  
mortality. These results suggest that better diet quality may reduce HCC incidence and CLD mortality.  
(Hepatology Communications 2019;3:437-447).

Hepatocellular carcinoma (HCC) is the third 
leading cause of cancer death worldwide. 
Although incidence and mortality rates have 

declined for most cancers in the United States, HCC 
rates have continued to increase.(1) The health impact 
of the increasing incidence of HCC is compounded 
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by its dismal prognosis, with an overall 5-year survival 
of 18%. There are marked differences in HCC inci-
dence by race/ethnicity, with disproportionate num-
bers among minority populations. In the Multiethnic 
Cohort (MEC), we showed striking racial/ethnic 
differences in HCC incidence, with Latinos having 
the highest incidence, followed by Native Hawaiians, 
African Americans, Japanese Americans, and 
whites.(2) U.S.-born Latinos, particularly male adults, 
are at greater risk of HCC than foreign-born Latinos, 
suggesting an adverse acculturation effect.(3)

In the United States, chronic liver disease (CLD) 
is the sixth leading cause of mortality for individu-
als between 25 and 64 years of age. CLD has an esti-
mated national prevalence of 1.5%, or 3.9 million,(4) 
resulting in more than 40,000 deaths annually. CLD 
mortality differs dramatically among racial groups. 
It is the twelfth most common cause of mortality 
among non-Hispanic whites but the seventh among 
Hispanics and fourth among Hispanics between the 
ages of 45 and 64 years. Currently, CLD is the pri-
mary cause of more than 6,000 (3.4%) Hispanic 
deaths in the United States annually.

Several dietary factors have been associated with 
HCC,(5,6) but in general the role of diet in HCC inci-
dence, particularly in ethnically diverse populations, is 
poorly understood. Similarly for CLD, there is lim-
ited research on how diet affects disease incidence and 
death, specifically across different racial groups. Diet 
quality indexes (DQIs) have been developed to cap-
ture aspects of the entire diet and to better examine the 
complexity of foods and beverages as consumed. The 
Dietary Patterns Methods Project (DPMP), which 
was initiated by the National Cancer Institute,(7) 
selected four DQIs to examine within three large 
U.S. cohorts, including the MEC. These DQIs were 

the Healthy Eating Index-2010 (HEI-2010), the 
Alternative Healthy Eating Index-2010 (AHEI-
2010), the Alternate Mediterranean Diet (aMED), 
and the Dietary Approaches to Stop Hypertension 
(DASH) index.(8) The one and only study of DQIs, 
HCC incidence, and CLD mortality found HEI-
2010 and aMED to be associated with reduced 
HCC incidence and CLD mortality in the National 
Institutes of Health (NIH)–American Association 
of Retired Persons (AARP) cohort.(9) However, this 
study was conducted in mostly non-Hispanic white 
individuals, and thus whether these findings apply to 
minority populations remains to be seen. Given there 
is considerable variation in HCC incidence and CLD 
mortality by race/ethnicity,(3,10-13) there is a need to 
identify possible sources for this variation in risk. Diet 
is an important exposure to consider, given that it is 
known to differ by race/ethnicity.(14-16)

In the present study, we prospectively investigated 
the associations between four DQI scores, HCC inci-
dence, and CLD mortality among ethnically diverse 
populations. We also examined whether the associa-
tions differed by sex and race/ethnicity.

Participants and Methods
stuDy population

The MEC is a prospective cohort of more than 
215,000 men and women, aged 45 to 75 years, 
enrolled between 1993 and 1996. The cohort design 
and baseline characteristics have been described in 
detail.(17) Potential participants were identified pri-
marily through the Department of Motor Vehicles, 
voter registration lists, and Health Care Financing 
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Administration data files. The response rates were 
highest in Japanese Americans (51%), whites (47%), 
and Native Hawaiians (42%) and lowest in African 
Americans (26%) and Latinos (21%). The baseline 
mailed questionnaire assessed diet, lifestyle, anthro-
pometry, family, and personal medical history and 
for women, menstrual and reproductive history and 
hormone use. For this analysis, we excluded partici-
pants who were not in the five main ethnic groups 
(n = 13,987), had any previous cancer reported on 
baseline questionnaire or from tumor registries 
(n = 18,770), had implausible dietary energy and mac-
ronutrient intakes (n = 8,256), or were missing covari-
ate information (n = 4,740). The resulting cohort 
included 169,806 participants for the final analysis. 
The institutional review boards for the University of 
Southern California and the University of Hawaii 
approved this study. All participants provided consent 
at enrollment.

DietaRy assessment anD 
CalCulation oF DietaRy 
inDeXes

The MEC baseline questionnaire included a quan-
titative food frequency questionnaire (QFFQ) with 
>180 food items. This questionnaire was developed 
using data from 3-day measured dietary records com-
pleted by approximately 60 men and women from 
each ethnic group represented in the MEC.(17) A 
calibration study showed satisfactory correlations 
for nutrients and for the MyPyramid Equivalent 
Database values used in the DQIs between the QFFQ 
and three repeated 24-hour recalls for all ethnic-sex 
groups.(18) Daily nutrient intakes from the QFFQ 
were calculated by using food composition data devel-
oped and maintained at the University of Hawaii 
Cancer Center.

As described,(8,19) four dietary indexes (HEI-2010, 
AHEI-2010, aMED, and DASH) have been calcu-
lated in the MEC as part of the DPMPs. In brief, the 
HEI-2010 was developed to quantify adherence to the 
2010 Dietary Guidelines for Americans, with higher 
scores reflecting better quality and adherence. The 
AHEI-2010 was developed to identify dietary patterns 
consistently associated with a lower risk of chronic dis-
ease in clinical and epidemiologic investigations. The 
aMED score is an adaptation of the Mediterranean 
diet score, with consideration for eating behaviors 

consistently associated with lower risks of chronic dis-
ease. The DASH score was designed to capture the 
diet tested in two feeding trials that examined the 
role of dietary patterns on blood pressure. The spe-
cific dietary components included in the indexes have 
been described.(20) The four DQI scores range as fol-
lows: HEI-2010, 0 (lowest adherence) to 100 (highest 
adherence); AHEI-2010, 0 (lowest adherence) to 110 
(highest adherence); aMED, 0 (lowest adherence) to 
9 (highest adherence); DASH, 8 (lowest adherence) 
to 40 (highest adherence). The distributions of the 
DQI scores by race/ethnicity in the cohort are shown 
in Supporting Table S1. All DQI scores were simi-
lar across racial/ethnic groups. Latinos consistently 
scored slightly lower than all other groups for HEI-
2010, AHEI-2010, and aMED.

enDpoint asCeRtainment
Incident HCC cases (International Classification 

of Diseases [ICD]-O-3 code C22.0 and morphology 
codes 8170-8175) were identified by annual link-
age to the National Cancer Institute’s Surveillance, 
Epidemiology, and End Results Program tumor reg-
istries in Hawaii and California. Case ascertainment 
was complete through December 31, 2013. During an 
average of 17 years of follow-up, a total of 605 inci-
dent HCC cases were identified among study par-
ticipants. Linkages to the National Death Index and 
death certificate files in Hawaii and California pro-
vided information on vital status as well as cause of 
death. Death from CLD was defined as ICD, Ninth 
Revision (ICD-9), 571; and ICD-10, K70-K76. 
Among all CLD deaths (n = 753) in the MEC, 79% 
were from alcoholic-related disease and liver fibro-
sis/cirrhosis. HCC deaths were excluded from CLD 
mortality endpoint analysis because we consider HCC 
incidence as a separate outcome in this study and 
death certificates can falsely include metastatic cancer 
to the liver as primary liver cancer.

statistiCal analysis
Cox proportional hazards models for HCC or 

CLD with age as the time metric were used to cal-
culate hazard ratios (HRs) and 95% confidence inter-
vals (CIs). The period of observation was the age at 
cohort entry to the earliest of the following ages: age 
at HCC diagnosis, age at death, and age at end of 
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follow-up (December 31, 2013). DQIs were catego-
rized into quintiles based on their distributions across 
the entire cohort, and indicator variables denoting 
quintile membership were included in the models. 
Trend variables for the indexes were assigned the sex- 
and ethnicity-specific median values for quintiles. In 
the race/ethnic-specific analyses, DQI quartiles were 
used because of the limited number of cases in cer-
tain groups. The proportional hazards assumption was 
tested by Schoenfeld residuals and was found to be 
met. Because the associations were similar between 
men and women, base models were fit for men and 
women combined, with adjustment for sex and race/
ethnicity as strata variables and age at cohort entry as 
a covariate. Multivariate models further adjusted for 
body mass index (BMI) (<25, 25 to <30, and ≥30 kg/
m2), smoking status (never, former, current), history 
of diabetes mellitus (yes/no), and total energy (log 
transformed kcal/day). For the HEI-2010 and DASH 
score models, alcohol consumption (g/day) was addi-
tionally adjusted; alcohol consumption is included as a 
factor in the scoring of AHEI-2010 and aMED. Tests 
for heterogeneity in the disease–dietary score associa-
tions between subgroups were based on the Wald sta-
tistics for cross-product terms of score trend variables 
and subgroup membership (sex and race/ethnicity). 
All statistical tests were two-sided. All analyses were 
performed by using SAS statistical software, version 
9.4 (SAS Institute, Inc., Cary, NC).

Results
The mean follow-up time of the 169,806 cohort 

members was 17 years, accumulating 3,081,687 per-
son-years of follow-up time. There were 605 incident 
cases of HCC (88 African Americans, 40 Native 
Hawaiians, 201 Japanese Americans, 206 Latinos, 
70 whites). The mean age of HCC diagnosis ranged 
from 70 for whites to 75 for Japanese Americans. 
The HCC incidence rates (age-adjusted to the U.S. 
2000 standard population, per 100,000) were 14.2 for 
African Americans, 16.1 for Native Hawaiians, 13.7 
for Japanese Americans, 18.3 for Latinos, and 6.4 
for whites. During the follow-up period, there were 
753 CLD deaths (93 African Americans, 44 Native 
Hawaiians, 114 Japanese Americans, 301 Latinos, 
201 whites). The mean age of CLD death ranged 
from 70 for African Americans and Hawaiians to 

77 for Japanese Americans. The CLD death rates 
(age standardized per 100,000) were 16.3 for African 
Americans, 16.5 for Native Hawaiians, 8.9 for Japanese 
Americans, 31.8 for Latinos, and 19.7 for whites.

The baseline characteristics of the study partic-
ipants by lowest and highest quintiles of the four 
DQIs in the MEC are shown in Table 1. Across the 
DQIs, men and women in the highest quintiles were 
older, were more likely to have never been smokers, 
had lower BMI, and were less likely to have diabe-
tes. Men and women in the highest quintile of HEI-
2010 and AHEI-2010 reported lower energy intake, 
whereas those in the highest quintile of aMED and 
DASH reported higher energy intake.

The associations between DQIs and HCC inci-
dence are shown in Table 2. In age-, sex-, and 
race/ethnicity-adjusted models, HEI-2010 (trend, 
P = 0.003), aMED (trend, P = 0.048), and DASH 
(trend, P = 0.045) were inversely associated with HCC 
incidence. After further adjustment for BMI, diabe-
tes, smoking status, and total energy, the associations 
with HEI-2010 (trend, P = 0.19) and DASH (trend, 
P = 0.29) were no longer statistically significant. The 
association of HCC incidence with aMED scores 
remained statistically significant (quintile [Q]5 versus 
Q1 HR, 0.68; 95% CI, 0.51-0.90; trend, P = 0.016). 
Lag analyses, excluding the first 2 and 5 years of 
follow-up, yielded similar results (Supporting Table 
S2). The association between aMED and HCC was 
similar in men and women (heterogeneity, P = 0.94) 
(Supporting Table S3).

There was no significant heterogeneity in the 
association between aMED and HCC incidence 
across race/ethnic groups (interaction, P = 0.32) 
(Table 3). However, the association was strongest and 
most monotonic in Latinos (Q4 versus Q1 HR, 0.47; 
95% CI, 0.29-0.79; trend, P = 0.006). In Latinos, we 
also observed an inverse association between AHEI-
2010 scores and HCC incidence (Q4 versus Q1 HR, 
0.55; 95% CI, 0.34-0.86; trend, P = 0.0033). These 
inverse associations were only observed among the 
U.S.-born Latinos (Supporting Table S4).

The relationship between each DQI and CLD 
mortality can be found in Table 2. In contrast to HCC, 
every DQI measure showed a significant decreasing 
trend for CLD mortality for the age-, sex, and race/
ethnicity-adjusted models and the fully adjusted mod-
els (trend, P < 0.0001). A lag analysis excluding the 
first 2 and 5 years of follow-up yielded similar results 
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(Supporting Table S2). The associations between the 
DQIs and CLD mortality were similar in men and 
women (Supporting Table S5). There were no sig-
nificant differences in the associations of DQIs with 
CLD mortality across racial/ethnic groups (Table 4). 
Among Latinos, the associations of DQIs with CLD 
death were similar in U.S.-born and foreign-born 
Latinos (Supporting Table S4).

Discussion
To our knowledge, this is the first prospective 

study to use multiple DQI measures to examine the 

association between diet, HCC incidence, and CLD 
mortality across multiple major racial/ethnic groups. 
Higher DQI scores, reflecting favorable adherence 
to a healthful diet, were associated with lower HCC 
incidence and CLD mortality.

In our study, we found higher aMED scores to be 
associated with a lower risk of HCC. When stratified 
by race/ethnicity, the association was strongest among 
Latinos. Only one previous study, the NIH-AARP 
Diet and Health study, has examined the association 
between adherence to two DQIs and risk of HCC.(9) 
The NIH-AARP study included 509 HCC cases 
among 494,942 participants. This cohort is also part 
of the DPMP, meaning we used the same algorithm 

taBle 2. DietaRy Quality inDeXes anD HepatoCellulaR CaRCinoma RisK anD CHRoniC 
liVeR Disease moRtality in tHe multietHniC CoHoRt stuDy, 1993-2013

Quintile (range) Person-years

HCC CLD

Cases HR (95% CI)* HR (95% CI)† Cases HR (95% CI)* HR (95% CI)†

HEI-2010

Q1 (13.5-57.4) 620,792 149 1.00 (ref.) 1.00 (ref.) 253 1.00 (ref.) 1.00 (ref.)

Q2 (57.5-64.3) 620,187 135 0.89 (0.71-1.13) 0.96 (0.76-1.21) 156 0.61 (0.50-0.74) 0.74 (0.60-0.91)

Q3 (64.4-70.2) 613,957 133 0.91 (0.72-1.15) 1.02 (0.80-1.31) 151 0.58 (0.47-0.71) 0.75 (0.61-0.93)

Q4 (70.3-76.7) 613,335 100 0.73 (0.56-0.94) 0.85 (0.66-1.11) 118 0.45 (0.36-0.56) 0.61 (0.48-0.77)

Q5 (76.8-99.9) 613,416 88 0.69 (0.53-0.91) 0.84 (0.64-1.12) 75 0.28 (0.22-0.37) 0.41 (0.31-0.54)

P value for trend‡ 0.0027 0.1880 <0.0001 <0.0001

AHEI-2010

Q1 (25.9-56.6) 621,559 122 1.00 (ref.) 1.00 (ref.) 226 1.00 (ref.) 1.00 (ref.)

Q2 (56.7-62.3) 613,270 136 1.07 (0.84-1.37) 1.08 (0.84-1.38) 173 0.74 (0.61-0.90) 0.76 (0.62-0.93)

Q3 (62.4-67.1) 613,619 116 0.92 (0.71-1.18) 0.92 (0.71-1.19) 142 0.62 (0.50-0.76) 0.63 (0.51-0.78)

Q4 (67.2-72.6) 612,285 121 0.96 (0.74-1.23) 0.97 (0.75-1.25) 127 0.56 (0.45-0.70) 0.57 (0.46-0.72)

Q5 (72.7-104.5) 620,954 110 0.85 (0.65-1.11) 0.87 (0.66-1.14) 85 0.38 (0.30-0.49) 0.39 (0.30-0.51)

P value for trend‡ 0.1644 0.2307 <0.0001 <0.0001

aMED

Q1 (0-2) 627,152 126 1.00 (ref.) 1.00 (ref.) 202 1.00 (ref.) 1.00 (ref.)

Q2 (3) 551,547 110 0.94 (0.73-1.21) 0.92 (0.71-1.19) 141 0.77 (0.62-0.96) 0.72 (0.58-0.89)

Q3 (4) 595,061 123 0.96 (0.74-1.23) 0.90 (0.70-1.17) 144 0.73 (0.59-0.91) 0.62 (0.50-0.78)

Q4 (5) 555,698 121 1.00 (0.78-1.28) 0.92 (0.70-1.20) 121 0.65 (0.52-0.82) 0.51 (0.40-0.65)

Q5 (6-9) 752,229 125 0.74 (0.58-0.95) 0.68 (0.51-0.90) 145 0.59 (0.48-0.73) 0.43 (0.34-0.56)

P value for trend‡ 0.0479 0.0164 <0.0001 <0.0001

DASH

Q1 (8-20) 690,493 133 1.00 (ref.) 1.00 (ref.) 181 1.00 (ref.) 1.00 (ref.)

Q2 (21-22) 452,577 101 1.05 (0.81-1.36) 1.11 (0.85-1.44) 128 0.91 (0.72-1.14) 0.97 (0.77-1.22)

Q3 (23-25) 771,075 157 0.93 (0.74-1.18) 0.99 (0.78-1.26) 207 0.79 (0.65-0.97) 0.89 (0.72-1.09)

Q4 (26-27) 473,065 90 0.86 (0.65-1.13) 0.92 (0.69-1.21) 108 0.64 (0.50-0.81) 0.73 (0.57-0.93)

Q5 (28-40) 694,477 124 0.80 (0.62-1.03) 0.89 (0.68-1.16) 129 0.50 (0.39-0.62) 0.60 (0.47-0.77)
P value for trend‡ 0.0449 0.2863 <0.0001 <0.0001

*Adjusted for age at cohort entry, sex, and race/ethnicity.
†Additionally adjusted for BMI, history of diabetes, smoking status, and total energy. For HEI-2010 and DASH, models were further 
adjusted for alcohol consumption.
‡Trend variables were assigned the sex- and ethnicity-specific median values for quintiles.
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to define DQIs, making our results comparable. Their 
study found risk of HCC to be inversely associated 
with closer adherence to both HEI-2010 (Q5 versus 
Q1 HR, 0.72; 95% CI, 0.53-0.97; trend, P = 0.03) 
and aMED (Q5 versus Q1 HR, 0.62; 95% CI, 0.47-
0.84; trend, P = 0.0002). In our study, we found a 32% 
reduction in risk of HCC among those who adhered 
closest to the aMED diet (Q5 versus Q1 HR, 0.68; 
95% CI, 0.51-0.90). In contrast to the NIH-AARP 
study, our first model showed a significant inverse 
trend for HEI-2010, but after further adjustment we 
observed an attenuation of the association and loss of 
statistical significance. Most of the NIH-AARP is 
composed of white men and women. Among whites 
in the MEC, we did not find any significant associ-
ation of HEI-2010 or aMED with HCC incidence.

A second study, which pooled data from two sepa-
rate hospital-based case-control studies in Greece and 
Italy (518 cases and 772 controls), found an inverse 
association between the traditional Mediterranean 
diet score and HCC (MED score ≥5 versus 0-3; odds 
ratio, 0.51; 95% CI, 0.34-0.75; trend, P < 0.001).(21) 
Furthermore, this study showed that hepatitis B and 
C infection status did not modify the association 
(interaction, P = 0.12).

As mentioned, these prior studies contain more 
ethnic and racially homogeneous populations. In our 
study, we found no significant heterogeneity of asso-
ciations between racial/ethnic groups; however, after 
stratification, only a significant trend for Latinos 
remained for AHEI-2010 and aMED. Further strat-
ification among Latinos showed the association to 
only be present for those born in the United States. 
The persisting association of aMED and AHEI-
2010 among U.S.-born Latinos likely results from 
differing diet compositions among those who do not 
adhere to these DQIs. National Health and Nutrition 
Examination Survey data have shown that U.S.-born 
Mexican Americans have a dietary pattern containing 
less beans, legumes, tomato-based products, tortilla, 
oil, rice, soups, and vegetables relative to Mexican-
born Mexican Americans.(15) Many of these dietary 
components overlap with aMED, making it likely 
that the observed association in U.S.-born Latinos is 
due to an altered diet within this ethnic group. In our 
DQI component analyses among Latinos, vegetable 
intake appeared to be the driving component of the 
inverse association between aMED and AHEI-2010 
with HCC (data not shown). Because the incidence 

rate of HCC is higher among Latinos than any other 
racial group in the MEC and in the United States, the 
possibility that overall diet quality may play a more 
central role in HCC among Latinos warrants further 
investigation.

There is limited information available on the 
association between DQIs and CLD mortality. The 
only other study available, the NIH-AARP Diet and 
Health study, reports CLD mortality to be inversely 
associated with aMED (Q5 versus Q1 HR, 0.52; 
95% CI, 0.42-0.65; trend, P < 0.0001) and HEI-2010 
(Q5 versus Q1 HR, 0.57; 95% CI, 0.46-0.65; trend, 
P < 0.0001).(9) In our study, all DQIs showed a signif-
icant inverse association with CLD mortality. Closest 
adherence to these diets was associated with a 41% to 
60% reduction in CLD mortality, which was similar 
to that found by the NIH-AARP study.

Most liver-related research on aMED focuses 
on nonalcoholic fatty liver disease (NAFLD). The 
dietary components of aMED are vegetables, fruit, 
nuts, legumes, fish, whole grains, low consumption of 
red or processed meat, moderate alcohol consumption, 
and a high ratio of monounsaturated fatty acid to sat-
urated fatty acid.(20) Godos et al.(22) outlined the likely 
molecular mechanisms resulting in aMED’s inverse 
association with NAFLD based on current support-
ing research. High levels of fish, nuts, and olive oil in 
aMED are associated with higher intakes of polyun-
saturated and monounsaturated fatty acids, which are 
thought to result in lower liver inflammation, lipogen-
esis, steatosis, and oxidative stress. Whole grain con-
sumption is hypothesized to lead to decreased liver 
inflammation and increased insulin sensitivity. Fruit 
and vegetable intake is associated with higher dietary 
vitamin E and D, with vitamin E influencing lower 
levels of liver steatosis and inflammation and vitamin 
D decreasing inflammation and increasing glucose and 
lipid metabolism. The inverse association between the 
Mediterranean diet and NAFLD reported by prior 
studies(23-28) and with HCC incidence in the MEC 
Latinos in the current study is important to note given 
the high prevalence of NAFLD in Latinos (29,30) and 
the large fraction of NALFD-associated HCC among 
Latinos.(31)

There are some notable differences between the 
DQIs we examined. AHEI-2010 and aMED dif-
fer due to their dietary component of moderate 
alcohol consumption, which has been found to be 
inversely associated to HCC incidence and CLD 
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mortality.(9,32,33) AHEI-2010, aMED, and DASH 
penalize for consumption of red and processed meats, 
which have been shown to increase the risk of both 
HCC incidence and CLD mortality.(34) DASH dif-
fers in that it uses a quintile-based scoring method. 
Although many dietary components of DASH are 
similar to aMED, the quintile-based scoring method 
allows for better precision in measurement relative to 
the median-based scoring of aMED. In contrast to 
aMED, DASH has dietary components for low con-
sumption of sugar-sweetened beverages, sodium, and 
dairy. Of these additional components, sugar-sweet-
ened beverages have been shown to increase the risk 
of HCC.(35) Lastly, all DQIs except DASH include 
dietary components for oils and fats. These DQIs 
favor unsaturated fatty acids in comparison to satu-
rated fat, which has been associated with an increased 
risk of HCC incidence and CLD mortality.(34)

There are several strengths to this study. The pro-
spective nature of this design ensured temporal prece-
dence of the exposure. The large multiethnic sample 
and detailed covariate data collected in the baseline 
survey made it possible to adjust for the most con-
founding variables. The diverse population with dif-
fering dietary patterns allowed us to examine the 
modification of diet by race and ethnicity, something 
which has not been done before. The dietary assess-
ment was done using a comprehensive QFFQ, making 
it possible to collect detailed diet data on an ethnically 
and racially diverse sample. The QFFQ was compared 
against multiple 24-hour diet recalls and was shown 
to have a highly satisfactory correlation with these 
measures.(18)

There are several limitations to this study. Two 
DQIs, aMED and DASH, are based on sample-spe-
cific quantiles to determine diet adherence, whereas 
HEI-2010 and AHEI-2010 use mostly absolute mea-
sures and offer more concrete consumption guidelines 
for the public to follow. Additionally, nonadherence to 
a DQI is likely associated with different dietary pat-
terns depending on the racial group. Assessment of 
diet using the self-administered QFFQ likely suffers 
from measurement error; however, this bias is expected 
to be nondifferential, resulting in an underestimation 
of observed association.(36) Although this study has a 
large sample size, there is data sparsity following strat-
ification by race and adjustment of confounding vari-
ables. There was no information available on hepatitis 
B or C infection for all study participants. However, 

prior research has shown little influence of hepatitis 
infection on the diet–HCC association.(21) There was 
also no information on underlying etiology for HCC 
and CLD, and thus we were unable to examine DQI 
association for specific etiology. Lastly, because this 
study sample originated from California and Hawaii 
and we have low response rates in certain groups (i.e., 
African Americans and Latinos), our results may not 
be generalizable to other regions in the United States.

In conclusion, higher aMED scores were associated 
with a lower risk of HCC, particularly in Latinos, 
whereas all DQIs were associated with a decreased 
risk of CLD death across racial/ethnic groups. These 
results suggest that having a higher quality diet may 
reduce HCC incidence and CLD death in multieth-
nic populations. A healthy diet could be included as 
part of HCC and CLD prevention strategies and 
communicated in doctor–patient discussions about its 
importance.

ReFeRenCes
 1) Ryerson AB, Eheman CR, Altekruse SF, Ward JW, Jemal A, 

Sherman RL, et al. Annual Report to the Nation on the Status 
of Cancer, 1975-2012, featuring the increasing incidence of liver 
cancer. Cancer 2016;122:1312-1337.

 2) Setiawan VW, Hernandez BY, Lu SC, Stram DO, Wilkens LR, 
Le Marchand L, et al. Diabetes and racial/ethnic differences 
in hepatocellular carcinoma risk: the multiethnic cohort. J Natl 
Cancer Inst 2014;106:pii: dju326.

 3) Setiawan VW, Wei PC, Hernandez BY, Lu SC, Monroe KR, 
Le Marchand L, et al. Disparity in liver cancer incidence and 
chronic liver disease mortality by nativity in Hispanics: the mul-
tiethnic cohort. Cancer 2016;122:1444-1452.

 4) Blackwell D, Villarroel M. Tables of Summary Health Statistics 
for U.S. Adults: 2015 National Health Interview Survey: 
National Center for Health Statistics. Centers for Disease 
Control and Prevention; 2016. https://ftp.cdc.gov/pub/Health_
statistics/NCHs/NHIS/SHS/2015_SHS_Table_A-4.pdf

 5) Mandair DS, Rossi RE, Pericleous M, Whyand T, Caplin M. 
The impact of diet and nutrition in the prevention and progres-
sion of hepatocellular carcinoma. Expert Rev Gastroenterol 
Hepatol 2014;8:369-382.

 6) Yang Y, Zhang D, Feng N, Chen G, Liu J, Chen G, et al. Increased 
intake of vegetables, but not fruit, reduces risk for hepatocellular  
carcinoma: a meta-analysis. Gastroenterology 2014;147:1031-1042.

 7) Gu H, Werner J, Bergmann F, Whitcomb DC, Buchler MW, 
Fortunato F. Necro-inf lammatory response of pancreatic aci-
nar cells in the pathogenesis of acute alcoholic pancreatitis. Cell 
Death Dis 2013;4:e816.

 8) Liese AD, Krebs-Smith SM, Subar AF, George SM, Harmon 
BE, Neuhouser ML, et al. The Dietary Patterns Methods 
Project: synthesis of findings across cohorts and relevance to di-
etary guidance. J Nutr 2015;145:393-402.

 9) Li W-Q , Park Y, McGlynn KA, Hollenbeck AR, Taylor PR, 
Goldstein AM, et al. Index-based dietary patterns and risk of in-
cident hepatocellular carcinoma and mortality from chronic liver 
disease in a prospective study. Hepatology 2014;60:588-597.

https://ftp.cdc.gov/pub/Health_statistics/NCHs/NHIS/SHS/2015_SHS_Table_A-4.pdf
https://ftp.cdc.gov/pub/Health_statistics/NCHs/NHIS/SHS/2015_SHS_Table_A-4.pdf


Hepatology CommuniCations, Vol. 3, no. 3, 2019 Bogumil et al.

447

 10) Setiawan VW, Wilkens LR, Lu SC, Hernandez BY, Le 
Marchand L, Henderson BE. Association of coffee intake 
with reduced incidence of liver cancer and death from chronic 
liver disease in the US multiethnic cohort. Gastroenterology 
2015;148:118-125.

 11) Altekruse SF, Henley SJ, Cucinelli JE, McGlynn KA. Changing 
hepatocellular carcinoma incidence and liver cancer mortality 
rates in the United States. Am J Gastroenterol 2014;109:542-553.

 12) Pham C, Fong T-L, Zhang J, Liu L. Striking racial/ethnic dis-
parities in liver cancer incidence rates and temporal trends in 
California, 1988-2012. J Natl Cancer Inst 2018;110:1259-1269.

 13) Xu J, Murphy SL, Kochanek KD, Bastian B, Arias E. Deaths: 
Final data for 2016. Natl Vital Stat Rep 2018;67:1-76.

 14) August KJ, Sorkin DH. Racial/ethnic disparities in exercise and 
dietary behaviors of middle-aged and older adults. J Gen Intern 
Med 2011;26:245-250.

 15) Sofianou A, Fung TT, Tucker KL. Differences in diet pat-
tern adherence by nativity and duration of US residence in the 
Mexican-American population. J Am Diet Assoc 2011;111:1563-
1569.e1562.

 16) Wang Y, Chen X. How much of racial/ethnic disparities in dietary 
intakes, exercise, and weight status can be explained by nutrition- 
and health-related psychosocial factors and socioeconomic status 
among US adults? J Am Diet Assoc 2011;111:1904-1911.

 17) Kolonel LN, Henderson BE, Hankin JH, Nomura AM, 
Wilkens LR, Pike MC, et al. A multiethnic cohort in Hawaii 
and Los Angeles: baseline characteristics. Am J Epidemiol 
2000;151:346-357.

 18) Stram DO, Hankin JH, Wilkens LR, Pike MC, Monroe KR, 
Park S, et al. Calibration of the dietary questionnaire for a mul-
tiethnic cohort in Hawaii and Los Angeles. Am J Epidemiol 
2000;151:358-370.

 19) Park SY, Boushey CJ, Wilkens LR, Haiman CA, Le Marchand 
L. High-quality diets associate with reduced risk of colorectal 
cancer: analyses of diet quality indexes in the multiethnic cohort. 
Gastroenterology 2017;153:386-394.e392.

 20) Harmon BE, Boushey CJ, Shvetsov YB, Ettienne R, Reedy J, 
Wilkens LR, et al. Associations of key diet-quality indexes 
with mortality in the multiethnic cohort: the Dietary Patterns 
Methods Project. Am J Clin Nutr 2015;101:587-597.

 21) Turati F, Trichopoulos D, Polesel J, Bravi F, Rossi M, Talamini 
R, et al. Mediterranean diet and hepatocellular carcinoma. J 
Hepatol 2014;60:606-611.

 22) Godos J, Federico A, Dallio M, Scazzina F. Mediterranean diet 
and nonalcoholic fatty liver disease: molecular mechanisms of 
protection. Int J Food Sci Nutr 2017;68:18-27.

 23) Chan R, Wong VW, Chu WC, Wong GL, Li LS, Leung J, et 
al. Diet-quality scores and prevalence of nonalcoholic fatty liver 
disease: a population study using proton-magnetic resonance 
spectroscopy. PLoS One 2015;10:e0139310.

 24) Gelli C, Tarocchi M, Abenavoli L, Di Renzo L, Galli A, De 
Lorenzo A. Effect of a counseling-supported treatment with 
the Mediterranean diet and physical activity on the severity 
of the non-alcoholic fatty liver disease. World J Gastroenterol 
2017;23:3150-3162.

 25) Kontogianni MD, Tileli N, Margariti A, Georgoulis M, Deutsch 
M, Tiniakos D, et al. Adherence to the Mediterranean diet is 
associated with the severity of non-alcoholic fatty liver disease. 
Clin Nutr 2014;33:678-683.

 26) Misciagna G, Del Pilar Díaz M, Caramia DV, Bonfiglio C, 
Franco I, Noviello MR, et al. Effect of a low glycemic index 
Mediterranean diet on non-alcoholic fatty liver disease. a 
randomized controlled clinici trial. J Nutr Health Aging 
2017;21:404-412.

 27) Ryan MC, Itsiopoulos C, Thodis T, Ward G, Trost N, 
Hofferberth S, et al. The Mediterranean diet improves hepatic 
steatosis and insulin sensitivity in individuals with non-alcoholic 
fatty liver disease. J Hepatol 2013;59:138-143.

 28) Trovato FM, Martines GF, Brischetto D, Trovato G, Catalano 
D. Neglected features of lifestyle: their relevance in non-alco-
holic fatty liver disease. World J Hepatol 2016;8:1459-1465.

 29) Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel I, 
Guallar E, et al. Prevalence of nonalcoholic fatty liver dis-
ease in the United States: The Third National Health and 
Nutrition Examination Survey, 1988-1994. Am J Epidemiol 
2013;178:38-45.

 30) Saab S, Manne V, Nieto J, Schwimmer JB, Chalasani NP. 
Nonalcoholic fatty liver disease in Latinos. Clin Gastroenterol 
Hepatol 2016;14:5-12.

 31) Makarova-Rusher OV, Altekruse SF, McNeel TS, Ulahannan S, 
Duffy AG, Graubard BI, et al. Population attributable fractions 
of risk factors for hepatocellular carcinoma in the United States. 
Cancer 2016;122:1757-1765.

 32) Persson EC, Schwartz LM, Park Y, Trabert B, Hollenbeck AR, 
Graubard BI, et al. Alcohol consumption, folate intake, hepato-
cellular carcinoma and liver disease mortality. Cancer Epidemiol 
Biomarkers Prev 2013;22:415-421.

 33) Petrick JL, Campbell PT, Koshiol J, Thistle JE, Andreotti 
G, Beane-Freeman LE, et al. Tobacco, alcohol use and risk 
of hepatocellular carcinoma and intrahepatic cholangio-
carcinoma: The Liver Cancer Pooling Project. Br J Cancer 
2018;118:1005-1012.

 34) Freedman ND, Cross AJ, McGlynn KA, Abnet CC, Park Y, 
Hollenbeck AR, et al. Association of meat and fat intake with 
liver disease and hepatocellular carcinoma in the NIH-AARP 
Cohort. J Natl Cancer Inst 2010;102:1354-1365.

 35) Fedirko V, Lukanova A, Bamia C, Trichopolou A, Trepo 
E, Nöthlings U, et al. Glycemic index, glycemic load, di-
etary carbohydrate, and dietary fiber intake and risk of liver 
and biliary tract cancers in Western Europeans. Ann Oncol 
2013;24:543-553.

 36) Freedman LS, Schatzkin A, Midthune D, Kipnis V. Dealing 
with dietary measurement error in nutritional cohort studies. J 
Natl Cancer Inst 2011;103:1086-1092.

Supporting Information
Additional Supporting Information may be found at 

onlinelibrary.wiley.com/doi/10.1002/hep4.1313/suppinfo. 

http://onlinelibrary.wiley.com/doi/10.1002/hep4.1313/suppinfo

