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ABSTRACT

Background: Beyond alcohol and coffee, the relationship between other dietary factors, including specific vegetables and fruits, and liver outcomes
remains poorly understood.

Objective: To evaluate the associations between fruit and vegetable intake with the risk of liver cancer and chronic liver disease (CLD) mortality.
Methods: This study was based on the National Institutes of Health-American Association of Retired Persons Diet and Health Study, including 485,403
participants aged 50-71 y from 1995 to 1996. Fruit and vegetable intake was estimated using a validated food frequency questionnaire. Cox proportional
hazards regression was used to estimate the multivariable hazard ratios (HR) and 95% confidence intervals (CI) for liver cancer incidence and CLD
mortality.

Results: During a median follow-up of 15.5 y, 947 incident liver cancers and 986 CLD deaths (other than liver cancer) were confirmed. A higher intake of
total vegetables was associated with a lower risk of liver cancer (HRQuintile 5 vs. Quintile 1 = 0.72, 95% CI: 0.59, 0.89; Pyeng < 0.001). When further
subclassified into botanical groups, the observed inverse association was mainly driven by lettuce and the cruciferous family (broccoli, cauliflower,
cabbage, etc.) (Pyeng < 0.005). Additionally, higher total vegetable intake was associated with a lower risk of CLD mortality (HRQuintile 5 vs. Quintilel =
0.61, 95% CI: 0.50, 0.76; Pyeng < 0.001). Inverse associations were observed for lettuce, sweet potatoes, cruciferous vegetables, legumes, and carrots with
CLD mortality (all Pyeng < 0.005). In contrast, total fruit intake was not associated with liver cancer or CLD mortality.

Conclusions: Higher intakes of total vegetables, especially lettuce and cruciferous vegetables, were associated with lower liver cancer risk. Higher intakes
of lettuce, sweet potatoes, cruciferous vegetables, legumes, and carrots were associated with a lower risk of CLD mortality.

Keywords: vegetables, lettuce, legumes, carrots, cruciferous vegetables, fruit, liver cancer, liver disease mortality, cohort study, epidemiological study

Introduction major known risk factors for liver cancer include chronic infections
(hepatitis B virus [HBV], hepatitis C virus [HCV]), metabolic disorders
(nonalcoholic fatty liver disease [NAFLD], type 2 diabetes [T2D],
obesity), behavioral factors (alcohol consumption, tobacco), and afla-
toxins [4]. The World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) reported that except for coffee and

Liver cancer was the sixth most commonly diagnosed cancer and the
third leading cause of cancer-related death globally in 2020 [1]. The
incidence of liver cancer has tripled since the early 1980s, and 42,230 liver
cancer cases were reported in 2021 in the United States [2, 3]. Current
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alcohol, the evidence concerning the relationship of dietary factors to liver
cancer is still limited and calls for more research [5]. Fruits and vegetables,
rich in vitamins and phytochemicals (e.g., carotenoids, flavonoids,
polyphenols, anticarcinogenic compounds, and antioxidants), are hy-
pothesized to protect against liver cancer. Certain vegetables, including
cruciferous vegetables rich in glucosinolates, carrots rich in carotenoids,
and legumes rich in phytoestrogens, have been inversely associated with
risk of cancers, including lung and colorectal cancers [6-8]. A
meta-analysis of 9 cohort studies recently showed that higher vegetable
intake was associated with 39% lower liver cancer risk, whereas fruit
intake was not associated with liver cancer risk [9]. However, only 2 out of
9 studies were conducted in Western populations where the etiology may
differ from Asian countries because of the lower prevalence of HBV/HCV
infection [9]. Specifically, the European Prospective Investigation into
Cancer and Nutrition (EPIC) cohort [10] and the NIH-AARP Diet and
Health Study [11] reported an inverse association for total vegetables and
a null association for fruits. However, what specific vegetables influence
liver cancer risk remains unknown. Identification of specific vegetables
may provide clues for experimental studies and inform precision nutrition
suggestions for population intervention.

Chronic liver diseases (CLD), including cirrhosis, fibrosis, alco-
holic liver disease, NAFLD, and chronic hepatitis, are the tenth leading
cause of death worldwide, causing 2 million deaths each year [12]. The
deaths from CLD steadily increased from 11.0 per 100,000 persons in
2017 to 13.8 per 100,000 persons in 2020 in the United States [13].
Most liver cancers also arise from CLD [14]. There is growing evi-
dence that dietary factors can play an important role in the development
of liver diseases due to the critical effect of diet on obesity, inflam-
mation, and gut microbiota [15]. Evidence is accumulating on dietary
factors and NAFLD [16], but the influence of diet on liver
disease-related mortality remains poorly understood. Recently, one
meta-analysis reported neither fruits nor vegetables were associated
with NAFLD based on evidence from case-control or cross-sectional
studies [17]. However, to date, no study has yet examined the associ-
ations between fruit and vegetable consumption and CLD mortality.

In this study, we evaluated the associations between the intake of
specific fruits and vegetables and the risk of liver cancer and CLD
mortality using the NIH-AARP Diet and Health Study.

Methods

Study population

The NIH-AARP Diet and Health Study is a large prospective cohort
of US men and women conducted by the National Cancer Institute.
Details about the cohort design were described previously [18]. Briefly,
during the baseline survey from 1995 to 1996, a self-administered
questionnaire on demographics, diet, and lifestyle was mailed to 3.5
million AARP members aged 50 to 71 y residing in 6 states (California,
Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) and
2 metropolitan areas (Atlanta, Georgia, and Detroit, Michigan). Among
617,119 respondents, 566,398 participants (91.8%) satisfactorily
completed the baseline questionnaire.

In this analysis, we excluded persons for the following reasons: [1]
cancers except for nonmelanoma skin cancer diagnosis at or before
baseline enrollment (n = 43,467); [2] zero person-years of follow-up (»
= 9,859); [3] self-reported poor health status (» = 15,782); [5] unre-
liable energy intake (>two interquartile ranges from the sex-specific
median intake level for the cohort) (n = 11,887). After these exclu-
sions, our current analyses included 485,403 persons (294,375 men and
191,028 women) (Supplemental Figure 1).
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Cancer ascertainment

In the current study, we included 2 primary outcomes: incident liver
cancer and CLD mortality. We further separated liver cancer into he-
patocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma
(ICC) based on the International Classification of Disease for Oncology
(3rd edition) codes. Details about the definition of liver cancer and
CLD mortality can be found in the Supplemental Methods.

Dietary assessment

Dietary information was collected using a self-administered semi-
quantitative food frequency questionnaire (FFQ) with 124 items by
asking about the frequency of food intake over the 12 months before
enrollment. [19] A validation study (» = 2053) showed that
energy-adjusted correlation coefficients for total fruit and vegetables
between FFQ and 2 nonconsecutive 24-hour dietary recalls were 0.72
and 0.61 in men and women, respectively [19].

In the current analyses, total vegetable intake included intake from
23 items (white potatoes were excluded from the current analyses).
Total fruits included fruit juice (2 items) and whole fruit intake (12
items) [20]. We used the MyPyramid Food Guidance System to define
equivalent cups. A 1-cup equivalent (8 oz, 225 g, or 237 mL) was
defined as 1 cup raw or cooked vegetables or fruit, 1 cup vegetable or
fruit juice, 0.5 cups dried fruit, or 2 cups leafy salad greens based on the
MyPyramid Equivalents Database version 1.0 [21]. We further grouped
fruit and vegetable into 13 selected botanical families based on
botanical taxonomy to help identify specific phytochemical-rich food
sources [22].

Covariates

We selected the following covariates a priori from the baseline
questionnaire as potential confounders based on the literature: age at
entry into cohort, sex, education level, race/ethnicity, alcohol intake,
body mass index (BMI), smoking pack-years, total energy intake,
moderate-intensity physical activity, self-reported diabetes, aspirin use,
and coffee intake. The education level included “<11 y,” “high school
graduate,” “post-high school training,” “some college,” and “college or
postgraduate.” Alcohol intake was estimated based on the consumption
of beer, wine, wine coolers, and liquor or mixed drinks and converted
to grams per day in analyses. Moderate-intensity physical activity was
measured by asking about the frequency of physical activity at work or
home in the past 12 months (including exercise, sports, and activities
like carrying heavy loads) more than 20 minutes that caused increases
in breathing or heart rate or sufficient to work up a sweat.
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Statistical analysis

For liver cancer, follow-up time was calculated from the date of
baseline enrollment to the date of diagnosis of liver cancer, date of
death, or the end of the follow-up (31 December 2011), whichever
came first. For CLD mortality, follow-up time was calculated from
baseline to date of death or end of follow-up (December 31, 2011),
whichever came first. Quintiles of intakes of fruit, vegetable, and
specific botanical groups were computed based on the sex-specific
distribution in the study population. Cox proportional hazards regres-
sion was used to estimate the hazard ratio (HR) and 95% confidence
interval (CI) for the associations of fruit and vegetable intake with the
risk of liver cancer and CLD mortality. The proportional hazards
assumption was tested by adding an interaction term between fruit or
vegetable intake in continuous scale and follow-up time, with no evi-
dence of violations observed. We provided both age adjusted and
multivariable-adjusted HR and 95% ClIs. We used the nutrient density
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model, in which daily intakes of fruits and vegetables were expressed
as the number of pyramid cups per 1000 kcal of total energy. Multi-
variable models adjusted for aforementioned potential confounders and
stratified by sex. Tests for trends across ordered categorical variables
were calculated using the median value for each category. We also
calculated the HR for one cup difference of fruit or vegetable intake per
1000 kcal of total energy and HR for one standard deviation (SD)
difference of a specific botanical group of fruit or vegetable. We further
examined the associations of fruit and vegetables with 2 common
subtypes of liver cancer, HCC, and ICC. Several sensitivity analyses
were performed to test the robustness of our main findings. Details of
these analyses can be found in the Supplemental Methods. Due to the
lack of HBV/HCYV information in the NIH-AARP cohort, we further
analyzed the associations between total fruit and vegetable intake and
HBYV surface antigen (HBsAg) and HCV using data from the National
Health Nutrition and Examination Survey (NHANES) (Supplemental
Methods).

All statistical analyses were conducted using SAS 9.4 (SAS Insti-
tute, Cary, NC, US). All tests were 2-sided, with P < 0.005 considered
statistically significant, as suggested by Benjamin et al. [23], and 0.05<
P < 0.005 was considered suggestively significant.

Results

During 5,952,317 person-years of follow-up (median follow-up =
15.5y), a total of 947 incident liver cancers (746 male and 201 female)
and 986 CLD deaths (707 male and 279 female) were recorded among
485,403 participants. The median age at entry was 62.0 (interquartile
range: 57.0, 66.0) y. The median age at liver cancer diagnosis was 71.7
y (interquartile range: 67.2, 75.7) and the median age at CLD death was
70.3 (interquartile range: 66.3, 74.6) y. Participants with higher fruit
and vegetable intake were more likely to have attained a higher edu-
cation level, exercised more, did not smoke, drank less alcohol, and had
self-report diabetes (Table 1). These observations were similar when
stratified by sex (Supplemental Table 1).

Total vegetable intake was significantly associated with a lower risk
of liver cancer (HRqs vs. @1 = 0.72, 95% CI: 0.59,0.89; Pyeng < 0.001)

TABLE 1
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(Table 2). A one-cup difference per 1000 kcal daily in vegetable intake
was associated with a 20% decreased risk of liver cancer (HRper 1 cup =
0.80, 95% CI: 0.71,0.89). Among the selected botanical groups of
vegetables, significant associations with a lower risk of liver cancer for
a higher intake of Compositae (lettuce) and Cruciferae (broccoli,
cauliflower, brussels sprouts, turnip, cabbage, coleslaw, collard,
mustard, and kale) (Pyeng < 0.005) and suggestive significant associ-
ations for Leguminosae (dried beans, string beans, and pea) and
Umbelliferae (carrots) (Pyenq < 0.05) (Table 2). Mutual adjustment for
the significant botanical groups showed similar results for lettuce and
cruciferous vegetables (Supplemental Table 2). We did not find any
significant associations between total and botanical groups of fruit
intake and liver cancer. We further examined the associations between
the intake of specific fruits or vegetables and liver cancer (Figure 1).
We found lettuce, broceoli, cauliflower/brussels sprouts, cole slaw/
cabbage/sauerkraut, raw tomatoes, and carrots were inversely associ-
ated with the risk of liver cancer (all Pyepng < 0.005).

We examined these associations separately for 2 major liver cancer
subtypes, HCC and ICC (Supplemental Tables 3 and 4). The results for
HCC, but not ICC, were somewhat stronger than those for liver cancer
overall although cases were limited. Intake of total vegetables was
inversely associated with HCC risk (HRqs vs. 1 = 0.64, 95% CL:
0.49,0.82; Pyrend < 0.001). Similar to the results for liver cancer overall,
besides lettuce, cruciferous vegetables, and legumes, carrots intake was
inversely associated with HCC risk. We did not observe strong sig-
nificant associations for ICC risk.

Total vegetable intake (HRgqs vs. @1 = 0.61, 95% CI: 0.50,0.76; Piend
< 0.001) was significantly associated with CLD mortality, but fruit
intake was not (HRqs vs. o1 = 0.89, 95% CI: 0.73,1.10; Pireng= 0.15)
(Table 3). Higher intake of lettuce, Convolvulaceae (sweet potatoes and
yams), cruciferous vegetables, legumes, and carrots were associated with
a lower risk of CLD mortality (all Pyeng<0.005). The strongest reduction
of HR in the quintile analyses was for carrots (HRqs vs. 1 = 0.49, 95%
CI: 0.39,0.61). Additionally, we found Solanaceae (tomatoes and pep-
per) was suggestively positively associated with CLD mortality (HRqs
vs. Q1=1.27, 95% CI: 1.04,1.54; Pyreng = 0.03). Mutual adjustment for
these botanical groups did not materially change the results except for

Characteristics of study participants by quintiles of total fruits and vegetables consumption in the NIH-AARP Diet and Health Study, United States, 1995-2011

Characteristics Total fruits consumption '

Total vegetables consumption '

Quintile 1 Quintile 3 Quintile 5 Quintile 1 Quintile 3 Quintile 5
N 97,080 97,081 97,080 97,080 97,081 97,080
Age at entry, y 60.5 (5.4) 61.7 (5.3) 62.0 (5.3) 61.2 (5.4) 61.5 (5.4) 61.7 (5.3)
Female, % 39.4 39.4 39.4 39.4 39.4 39.4
White, % 93.9 92.7 86.7 88.5 92.9 91.6
College or above, % 30.5 41.2 41.8 323 39.9 42.8
BMI at baseline, kg/m? 272 (5.2) 27.0 (4.8) 26.6 (4.8) 27 (5.1) 27 (4.9) 26.9 (5.0)
Physical activity>5 times/wk, % 13.7 19.0 259 15.8 18.7 249
Never drinker, % 53 5.5 13.0 7.4 5.5 10.8
Alcohol intake, g/d 22.2 (48.9) 10.7 (22.6) 5.8 (13.0) 20.5 (49.9) 10.7 (22.0) 7.4 (14.6)
Never smoker, % 28.7 39.7 46.3 35.8 39.3 40.1
Smoking dose, pack-year 1.9 (1.6) 1.5 (1.6) 1.3 (1.5) 1.6 (1.6) 1.5 (1.6) 1.5(1.6)
Self-reported history of diabetes, % 7.7 9.0 8.8 7.7 8.1 10.4
Aspirin use, % 435 46.9 439 433 46.4 44.7
Total coffee intake, g/d 923 (705) 771 (611) 622 (579) 808 (677) 781 (622) 720 (618)
Total fruit, cups/d 0.6 (0.4) 1.8 (0.7) 4.1(22) 1.8 (1.8) 2.0 (1.5) 2.3 (1.7)
Total vegetables, cups/d 2.0 (1.3) 2.3 (1.3) 2.3 (1.6) 1.1 (0.5) 2.1 (0.8) 3.7(1.8)

Values are means (SD) for continuous variables; percentages for categorical variables and are standardized to the age distribution of the study population except

for age at entry and sex.

! Total fruits and vegetables intake was adjusted for energy intake using density method and categorized into quintiles based on sex-specific distribution.
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TABLE 2
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Hazard ratios of liver cancer according to quintile of fruits and vegetables consumption in NIH-AARP Diet and Health Study, 1995-2011 (n = 485,403)

Fruits or vegetables Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P for trend Per unit difference
Total fruits '
Cases 207 211 173 169 187
Age adjusted 1 0.96 (0.79,1.16) 0.76 (0.62,0.93) 0.73 (0.59,0.89) 0.80 (0.66,0.98) 0.009 0.95 (0.88,1.03)
Multivariable adjusted 1 1.03 (0.85,1.25) 0.85 (0.69,1.05) 0.83 (0.67,1.03) 0.92 (0.74,1.13) 0.21 1.00 (0.92,1.09)
Botanical groups
Cucurbitaceae 1 1.05 (0.85,1.29) 1.08 (0.88,1.32) 1.03 (0.84,1.27) 1.19 (0.97,1.46) 0.10 1.03 (0.96,1.09)
Musaceae 1 0.88 (0.72,1.07) 0.83 (0.68,1.02) 0.86 (0.70,1.06) 0.93 (0.76,1.14) 0.93 1.03 (0.97,1.10)
Rosaceae 1 0.90 (0.74,1.10) 0.90 (0.73,1.09) 0.91 (0.75,1.12) 0.83 (0.68,1.03) 0.17 0.99 (0.92,1.06)
Rutaceae (citrus) 1 0.94 (0.77,1.15) 0.93 (0.76,1.14) 0.95 (0.78,1.16) 0.85 (0.69,1.04) 0.15 0.99 (0.92,1.05)
Vitaceae 1 1.05 (0.86,1.27) 0.86 (0.70,1.06) 0.91 (0.74,1.12) 1.01 (0.82,1.23) 0.80 1.00 (0.93,1.07)
Total vegetables !
Cases 235 216 171 161 164
Age adjusted 1 0.90 (0.75,1.08) 0.70 (0.57,0.85) 0.66 (0.54,0.80) 0.66 (0.54,0.81) <0.001 0.76 (0.67,0.85)
Multivariable adjusted 1 0.98 (0.81,1.18) 0.78 (0.64,0.95) 0.73 (0.60,0.90) 0.72 (0.59,0.89) <0.001 0.80 (0.71,0.89)
Botanical groups
Chenopodiaceae 1 0.99 (0.77,1.29) 0.99 (0.82,1.19) 1.09 (0.91,1.30) 0.95 (0.78,1.15) 0.54 1.00 (0.94,1.07)
Compositae 1 0.81 (0.67,0.98) 0.80 (0.66,0.96) 0.63 (0.51,0.77) 0.65 (0.53,0.79) <0.001 0.86 (0.79,0.94)
Convolvulaceae 1 1.02 (0.82,1.26) 0.97 (0.80,1.18) 0.94 (0.77,1.14) 0.97 (0.80,1.18) 0.67 0.97 (0.90,1.05)
Cruciferae 1 1.02 (0.85,1.22) 0.69 (0.57,0.85) 0.77 (0.63,0.94) 0.66 (0.53,0.81) <0.001 0.83 (0.76,0.91)
Gramineae 1 1.02 (0.84,1.24) 0.99 (0.82,1.21) 0.94 (0.77,1.15) 0.87 (0.71,1.07) 0.10 0.95 (0.88,1.02)
Leguminosae 1 0.98 (0.81,1.18) 0.81 (0.67,0.99) 0.77 (0.63,0.95) 0.82 (0.67,1.00) 0.03 0.92 (0.85,0.99)
Solanaceae 1 0.79 (0.65,0.96) 0.70 (0.57,0.86) 0.82 (0.67,0.99) 0.81 (0.66,0.98) 0.20 0.99 (0.93,1.06)
Umbelliferae 1 0.97 (0.80,1.17) 0.82 (0.68,1.00) 0.80 (0.65,0.98) 0.74 (0.60,0.92) 0.006 0.97 (0.90,1.05)

Chenopodiaceae: raw spinach and cooked spinach; Compositae: lettuce; Convolvulaceae: sweet potatoes and yams; Cruciferae: broccoli, cauliflower, brussels
sprouts, turnip, cabbage, coleslaw, collard, mustard and kale; Cucurbitaceae: cantaloupe, watermelon and honeydew melon; Gramineae: corn; Leguminosae:
dried beans, string beans and peas; Musaceae: bananas; Rosaceae: apples, peach, nectarines, plums, pears and strawberries; Rutaceae (citrus): oranges, tan-
gerines, tangelos and grapefruits; Solanaceae: tomatoes, peppers; Umbelliferae: carrots; Vitaceae: grapes.
Multivariable-adjusted model adjusted for age at entry into cohort, education level, race and ethnicity, alcohol intake, BMI, smoking, total energy intake, usual
activity throughout the day, diabetes, aspirin use, coffee intake, and stratified by sex.

! The median intake for fruits intake in each quintile is 0.30, 0.67, 1.01, 1.43, and 2.24 cups/1000 kcal per day; the median intake for vegetables intake in each

quintile is 0.57, 0.87, 1.12, 1.43, and 2.06 cups/1000 kcal per day.

2 The unit is one cup per 1000 kcal per day for total fruit and vegetable and SD for botanical groups.

legumes (Supplemental Table 2). No overall association was found be-
tween total fruits and CLD mortality. Still, specific botanical groups,
including Cucurbitaceae (cantaloupe, watermelon, and honeydew
melon), Musaceae (bananas), Rosaceae (apples, peach, nectarines,
plums, pears, and strawberries), were suggestively inversely associated
with CLD mortality (Table 3). A significantly lower risk of CLD mor-
tality was associated with a higher intake of apples, dried fruit, lettuce,
sweet potatoes, broccoli, peppers, carrots, and a lower intake of tomato/
vegetable juice and tomato sauces with meat (all Pyeng < 0.005)
(Figure 1).

In general, we observed similar results for fruit and vegetable in-
takes in relation to liver cancer, HCC, and CLD mortality by strata of
selected baseline factors, including sex, age, race, education, BMI,
smoking status, drinking status, physical activity, self-reported dia-
betes, and aspirin use (Supplemental Figure 2—4). When we conducted
sensitivity analyses by excluding liver cancer or CLD death cases that
occurred in the first 2 or 5 y, the association of vegetable intake and
liver cancer and CLD mortality remained (Supplemental Tables 5 and
6). We observed similar results when we further excluded participants
with missing values in covariates (Supplemental Table 7). Additional
adjustments for dietary quality (modified HEI-2015) did not materially
change our main findings (Supplemental Table 8). Using residual
methods to control for total energy intake provided similar results
(Supplemental Table 9).

The correlations between HBsAg positivity and fruit and vegetable
intake were 0.009 and 0.001, respectively (P values are 0.14 and 0.80
for fruits and vegetables, respectively) in the NHANES. We also
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evaluated the correlation between HCV antibody positivity and the
consumption of fruits and vegetables, and little correlation was
observed (Spearman coefficient of -0.029 for fruit and -0.012 for
vegetables with P values of <0.001 and 0.14, respectively).

Discussion

Principal findings

In the current cohort study with 485,403 US adults, we found higher
intake of total vegetables, as well as the subtypes of lettuces and
cruciferous vegetables, were significantly associated with a lower risk
of liver cancer. In contrast, fruits were not associated with liver cancer
risk in general. Our results also indicated that lettuces, sweet potatoes,
cruciferous vegetables, legumes, and carrots were inversely associated
with CLD mortality.

A meta-analysis of 9 cohorts reported that total vegetable intake was
inversely associated with liver cancer risk but with moderate hetero-
geneity (relative risk pighest vs. lowest = 0.61, 95% CI: 0.50,0.75; =
47.1%) [9]. Evidence on specific types of vegetables is limited. In the
Shanghai Women’s and Men’s Health Studies, the inverse association
with liver cancer was mainly driven by legumes and legume products,
celery, allium vegetables, mushrooms, and composite vegetables
(including asparagus, lettuce, and garland chrysanthemum) [24]. A
Japanese cohort found green-yellow vegetables and green-leafy vege-
tables were inversely associated with the risk of HCC (Pyeng = 0.06
and 0.04, respectively) [25]. Results from these abovementioned
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Individual foods Liver cancer

Chronic liver disease mortality

Hazard Ratio qsvs. a1 (95%Cl) P trend Hazard Ratio qgsvs. a1 (95%Cl) P trend
Total fruits . .
Cantaloupe HiH 0.97 (0.79, 1.18) 0.65 HH: 0.77 (0.63, 0.95) 0.02
Watermelon/honeydew '-.—' 1.20 (0.98, 1.47) 0.03 "." 0.86 (0.70, 1.05) 0.11
Bananas HiH 0.95 (0.78, 1.17) 0.98 HH 0.79 (0.64, 0.97) 0.04
Apples HH 0.71 (0.58, 0.87) 0.02 HH 0.62 (0.50, 0.76) <0.001
Applesauce/cooked apples = o 1.02 (0.83, 1.25) 0.57 s o 1.04 (0.85, 1.27) 0.54
Peaches/nectarines/plums "." 0.98 (0.81, 1.20) 0.92 "." 1.05 (0.87, 1.26) 0.06
Pears Hil 1.11(0.91, 1.34) 0.15 HH 1.02 (0.84, 1.24) 0.53
Strawberries '-I-‘ 0.99 (0.80, 1.21) 0.68 "l" 0.75 (0.61, 0.92) 0.01
Oranges, tangelo, tangerines i 0.95 (0.78, 1.16) 0.86 HE 0.87 (0.71, 1.06) 0.09
Grapefruit "I" 1.01(0.83, 1.22) 0.59 "I" 1.07 (0.89, 1.29) 0.16
Orange/grapefruit juice HE 0.88 (0.72, 1.08) 0.21 "-' 1.04 (0.86, 1.27) 0.95
Grapes '-l-' 1.01(0.83, 1.23) 0.83 HEF 0.85 (0.70, 1.04) 0.18
Other juice HH 0.97 (0.80, 1.17) 0.99 HH 0.85 (0.69, 1.03) 0.09
Dried fruit (no apricots) '-I-' 0.73 (0.60, 0.89) 0.005 HH 0.59 (0.48, 0.73) <0.001
Total vegetables H
Cooked spinach/greens '-I-' 0.95(0.78, 1.17) 0.37 HH 0.99 (0.81, 1.20) 0.99
Raw spinach/greens* '-I—i 1.09 (0.88, 1.34) 0.45 '-I—| 1.11(0.90, 1.38) 0.05
Lettuce HH 0.64 (0.52,0.79)  <0.001 HH 0.62 (0.50, 0.76) <0.001
Sweet potatoes "I-' 0.87 (0.71, 1.06) 0.59 'I-' 0.71 (0.58, 0.88) 0.001
Broccoli HH 0.66 (0.54,0.81)  <0.001 L 0.51 (0.41, 0.63) <0.001
Cauliflower/brussel sprouts HH 0.68 (0.55, 0.83) <0.001 li-' 0.76 (0.62, 0.93) 0.04
Cole slaw/cabbage/sauerkraut HE- 0.80 (0.65, 0.99) 0.005 HEH 0.92 (0.75, 1.13) 0.29
Corn HE 0.86 (0.70, 1.06) 0.12 i 1.05 (0.87, 1.28) 0.84
Beans - 0.81 (0.65, 0.99) 0.06 HiR 0.84 (0.69, 1.04) 0.03
String beans I-H 0.81 (0.66, 0.99) 0.07 l-li 0.85 (0.69, 1.04) 0.03
Peas HH 0.85 (0.69, 1.04) 0.12 HH 0.84 (0.68, 1.03) 0.07
Peppers »-I-s 0.85 (0.69, 1.04) 0.03 HH 0.67 (0.55, 0.83) 0.002
Tomato/vegetables juice i 0.98 (0.82, 1.17) 0.99 N o 1.73 (1.46, 2.06) <0.001
Tomatoes, raw l-I-l 0.73 (0.60,0.89)  <0.001 I-I'! 0.86 (0.71, 1.04) 0.41
Tomato, salsa HEH: 0.80 (0.66, 0.96) 0.07 HH: 0.76 (0.63, 0.93) 0.007
Tomato sauces with meat )-I-! 1.25(1.02, 1.53) 0.01 !-I-! 1.37 (1.12, 1.69) 0.006
Tomato sauces no meat - 0.84 (0.70, 1.02) 0.22 HH 0.58 (0.47, 0.71) <0.001
Carrots I-I-l 0.73 (0.59, 0.90) 0.005 HH 0.50 (0.40, 0.62) <0.001

0.0 05 1.0 15 20

FIGURE 1. Associations between individual fruits or vegetables and liver cancer and chronic liver disease mortality in the National Institutes of Health-
American Association of Retired Persons Diet and Health Study (n = 485,403). Cox proportional hazard regression model adjusted for age, education, race
and ethnicity, alcohol intake, body mass index, smoking, total energy intake, total physical activity, history of diabetes, aspirin uses, coffee intake and stratified

by sex.*!

studies are consistent with our findings. As mentioned earlier, the most
common green-leafy or green-yellow vegetables in the studies were
lettuces, cruciferous vegetables, legumes, and carrots [24, 25].

Evidence on the association between vegetables and CLD is limited
to one prospective study. The study reported inverse associations of
both fruit and vegetable intake and NAFLD in a dose-response manner
among Korean women but not among men [26]. This study also
showed inverse associations between spinach intake and NAFLD risk.
No study has yet examined the associations between fruit and vege-
tables and CLD mortality.

Several potential mechanisms have been proposed to support the
inverse associations between specific vegetables and liver disease
outcomes [0, 8, 27]. First, vegetables are nutrient-rich foods with lower
energy density, which have been hypothesized to help prevent obesity
and T2D, 2 major risk factors of liver cancer and liver disease, although
our results were independent of BMI and diabetes. Second, some
bioactive compounds in vegetables have been found to reduce body
inflammation and oxidation and thus might inhibit cancer progression
and promote liver health [28]. Importantly, vegetables are a rich source
of phytochemicals, many of which have shown preventive and/or
therapeutic activities against liver cancers or diseases [29]. This may at
least partially explain the observed inverse associations between

" The first 2 quintiles for raw spinach and greens were collapsed into one category as
the comparison group (nonconsumers of raw spinach and greens)
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vegetables and liver outcomes that are mainly driven by lettuce and
cruciferous vegetables (broccoli, cabbage, etc.). In animal models,
lettuce may increase the total cholesterol end-product excretion and
improve antioxidant status [30]. Isothiocyanates are hydrolyzed prod-
ucts of glucosinolates, the primary phytochemicals in cruciferous
vegetables. Isothiocyanates modulate carcinogen metabolism and
inhibit carcinogenesis and tumor growth in liver cancer models [31].
Carrots are a good source of p-carotene, showing possible protective
effects against hepatic steatosis, fibrosis, and inflammation [27, 32]. In
addition, vegetables are sources of nutrients such as vitamin C, carot-
enoids, potassium, and dietary fiber, all of which have shown inverse
associations with the risk of liver cancer and liver diseases [33, 34]. Ina
recently reported analysis in the NIH-AARP cohort, our group also
found that fiber from vegetables was inversely associated with liver
cancer and CLD mortality [35]. Our study also found raw tomato intake
was inversely associated with a lower risk of liver cancer, which was
consistent with previous studies either in animal models [36] or cohort
studies [37], indicating the anticancer effects of lycopene in liver
carcinogenesis. Future experimental studies focused on these bioactive
compounds are needed to clarify the clinical importance of these foods
for the prevention of liver cancer.

Four studies investigated the association between fruit intake and
liver cancer incidence or mortality, none of which found significant
associations [10, 11, 25, 38]. The null association between total fruit
intake and liver cancer may be explained by the potential adverse ef-
fects of chemicals in fruits like fructose, which may counterbalance the
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TABLE 3
Hazard ratios of chronic liver disease mortality according to quintile of fruits and vegetables consumption in NIH-AARP Diet and Health Study, 1995-2011
(n = 485,403)
Fruits or vegetables Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P for trend Per unit difference >
Total fruits '
Cases 267 210 180 156 173
Age adjusted 1 0.74 (0.62,0.89)  0.62 (0.51,0.75)  0.53 (0.43,0.65)  0.59 (0.48,0.71) <0.001 0.83 (0.76,0.90)
Multivariable adjusted 1 0.95 (0.79,1.15) 0.86 (0.71,1.05) 0.78 (0.63,0.96) 0.89 (0.73,1.10) 0.15 0.99 (0.91,1.08)
Botanical groups
Cucurbitaceae 1 0.87 (0.72,1.05)  0.90 (0.74,1.09)  0.85 (0.70,1.03)  0.76 (0.62,0.93)  0.02 0.99 (0.92,1.06)
Musaceae 1 0.87 (0.72,1.05)  0.96 (0.80,1.17)  0.89(0.73,1.09)  0.77 (0.62,0.95)  0.03 0.95 (0.88,1.01)
Rosaceae 1 0.79 (0.66,0.95)  0.74 (0.61,090)  0.82 (0.67,0.99)  0.71 (0.58,0.87)  0.02 0.92 (0.85,0.99)
Rutaceae (citrus) 1 0.71 (0.58,0.86)  0.87 (0.72,1.05)  0.79 (0.65,0.96)  0.93 (0.77,1.13)  0.78 1.08 (1.02,1.15)
Vitaceae 1 0.92 (0.76,1.11) 0.98 (0.81,1.19) 0.91 (0.75,1.11) 0.86 (0.70,1.06) 0.19 1.00 (0.94,1.07)
Total vegetables !
Cases 299 195 171 178 143
Age adjusted 1 0.64 (0.54,0.77)  0.55 (0.46,0.67)  0.57 (0.48,0.69)  0.46 (0.38,0.56)  <0.001 0.67 (0.60,0.76)
Multivariable adjusted 1 0.80 (0.66,0.96)  0.73 (0.60,0.88)  0.77 (0.63,0.93)  0.61 (0.50,0.76) <0.001 0.82 (0.73,0.91)
Botanical groups
Chenopodiaceae 1 0.96 (0.76,1.22)  0.95(0.79,1.13)  0.95 (0.80,1.14)  0.92 (0.76,1.11)  0.47 0.98 (0.91,1.06)
Compositae 1 0.89 (0.74,1.06) 0.89 (0.74,1.07) 0.62 (0.50,0.76) 0.63 (0.51,0.78) <0.001 0.84 (0.77,0.91)
Convolvulaceae 1 0.93 (0.77,1.13) 0.79 (0.66,0.95) 0.78 (0.65,0.94) 0.71 (0.58,0.86) <0.001 0.86 (0.78,0.95)
Cruciferae 1 093 (0.77,1.11)  0.78 (0.64,0.94)  0.70 (0.57,0.86)  0.66 (0.53,0.81)  <0.001 0.87 (0.80,0.95)
Gramineae 1 1.08 (0.90,1.30)  0.95 (0.78,1.15)  0.90 (0.73,1.10) 1.07 (0.88,1.30)  0.87 1.04 (0.98,1.10)
Leguminosae 1 1.18 (0.99,1.42) 093 (0.76,1.13)  0.82 (0.67,1.00)  0.83 (0.67,1.02)  0.003 0.89 (0.82,0.96)
Solanaceae 1 1.14 (0.94,1.39) 1.05 (0.86,1.29) 1.04 (0.85,1.28) 127 (1.04,1.54)  0.03 1.09 (1.05,1.13)
Umbelliferae 1 0.89 (0.75,1.06) 0.71 (0.59,0.85) 0.68 (0.55,0.82) 0.49 (0.39,0.61) < 0.001 0.72 (0.64,0.82)

Chenopodiaceae: raw spinach and cooked spinach; Compositae: lettuce; Convolvulaceae: sweet potatoes and yams; Cruciferae: broccoli, cauliflower, brussels
sprouts, turnip, cabbage, coleslaw, collard, mustard and kale; Cucurbitaceae: cantaloupe, watermelon and honeydew melon; Gramineae: corn; Leguminosae:
dried beans, string beans and peas; Musaceae: bananas; Rosaceae: apples, peach, nectarines, plums, pears and strawberries; Rutaceae (citrus): oranges, tan-
gerines, tangelos and grapefruits; Solanaceae: tomatoes, peppers; Umbelliferae: carrots; Vitaceae: grapes.
Multivariable-adjusted model adjusted for age at entry into cohort, education level, race and ethnicity, alcohol intake, BMI, smoking, total energy intake, usual
activity throughout the day, diabetes, aspirin use, coffee intake, and stratified by sex.

! The median intake for fruits intake in each quintile is 0.30, 0.67, 1.01, 1.43, and 2.24 cups/1000 kcal per day; the median intake for vegetables intake in each

quintile is 0.57, 0.87, 1.12, 1.43, and 2.06 cups/1000 kcal per day.

2 The unit is one cup per 1000 kcal per day for total fruit and vegetable and SD for botanical groups.

effect of protective nutrients like polyphenols, vitamins, and fibers [39,
40]. Further studies are needed to explain the null associations between
fruit intake and liver cancer risk. However, we found higher intakes of
apples or dried fruits were associated with a lower risk of liver cancer.
Our findings were in line with previous meta-analyses, which found
inverse associations of apples with cancers of the lung, colorectum,
breast, and overall digestive tract [41].

In our study, even though there was no association between total
fruit intake and CLD mortality, we found specific fruits were inversely
associated with CLD mortality, including cantaloupes, bananas, apples,
strawberries, and dried fruits. In animal studies, melons and bananas
showed hepatoprotective effects by significantly decreasing aspartate
transaminase, alanine transferase levels in blood, or hepatic superoxide
dismutase levels [42]. In addition, ellagic acid, a polyphenol found in
strawberries, has been reported to mitigate oxidative stress, inflam-
matory response, steatosis, and gut microbiota dysbiosis in mice with
alcoholic liver disease [43].

Strengths and limitations

Our study has several strengths. First, the study had a large sample
size with 947 liver cancer cases and 986 CLD deaths among 485,403
US adults. Second, our study had a relatively long follow-up time of
15.5 y, allowing for sufficient case events and ensuring that observed

" The first 2 quintiles for raw spinach and greens were collapsed into one category as
the comparison group (nonconsumers of raw spinach and greens)
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associations were unlikely to be based on reverse causation. Third, we
have controlled for many potential confounders.

Several limitations of our study should also be noted. Measurement
errors in dietary assessment based on FFQ cannot be avoided even
though there was an adequate correlation of over 0.5 for most of the 29
food groups between the FFQ and the 24-hour recalls [44]. Moreover,
our dietary data were collected at the baseline and did not consider the
long-term changes during follow-up. In addition, we did not have in-
formation on the HBV and HCV status of the participants. However,
using data from the NHANES, we found that neither HBV nor HCV
status was associated with fruit and vegetable intake in the US popu-
lation. Over 90% of the study population were of European ancestry;
thus, our results may not be generalizable to other racial/ethnic groups.
Finally, we cannot rule out the residual confounding of other dietary
factors, such as beverage intake or animal foods intake. However, we
adjusted coffee intake and dietary quality in our multivariable-adjusted
models, and similar results were observed.

Conclusions

Examining a large cohort study in the US, we found higher intake of
specific types of vegetables, such as lettuces and cruciferous vegetables,
was associated with a lower risk of liver cancer and CLD mortality.
However, additional research in diverse racial/ethnic populations with
objective measurements, such as certain biomarkers of fruit and vegetable
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intake, is needed to gain further insight into the associations between
specific fruit and vegetable and liver cancer risk and CLD mortality.
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