
OR I G I N A L A R T I C L E

Fresh fruit consumption may decrease the long-term risk of
esophageal cancer mortality: A 30-year follow-up study in
the Linxian Dysplasia Nutrition Intervention trial (NIT)
Huan Yang1 , Su Zhang1 , Huijiao Yan1, Jianbing Wang2, Jinhu Fan1, Youlin Qiao1 &
Philip R. Taylor3

1 Department of Cancer Epidemiology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing, China
2 Department of Epidemiology and Biostatistics, The Children’s Hospital, National Clinical Research Center for Child Health, Zhejiang University
School of Medicine, Hangzhou, China
3 Metabolic Epidemiology Branch, Division of Cancer Epidemiology & Genetics, National Cancer Institute, National Institutes of Health, Bethesda,
Maryland, USA

Keywords
Esophageal squamous cell carcinoma; fresh
fruit consumption; gastric cardia carcinoma;
Linxian dysplasia nutrition intervention trial;
noncardia carcinoma.

Correspondence
Jinhu Fan, Department of Cancer
Epidemiology, National Cancer Center/
National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College,
Beijing 100021, China. Tel: 010-87787423,
Fax: +86-10-6771-3648
Email: fanjh@cicams.ac.cn

Received: 10 April 2020;
Accepted: 28 April 2020.

doi: 10.1111/1759-7714.13482

Thoracic Cancer 11 (2020) 1918–1926

Abstract
Background: The objective of this study was to explore the association between
fresh fruit consumption and long-term risk of upper gastrointestinal cancer
(UGI) in the Linxian Dysplasia Nutrition Intervention Trial (NIT) cohort.
Methods: A cohort of 3318 subjects with esophageal squamous dysplasia partici-
pated in the Linxian Dysplasia NIT in May 1985 and were followed up until
30 September 2015. Demographic characteristics, lifestyle, and history of diseases
were collected at the baseline. The primary endpoint was death from esophageal
squamous cell carcinoma (ESCC), gastric cardia carcinoma (GCC), and gastric
noncardia carcinoma (GNCC). Hazard ratios (HRs) and 95% confidence inter-
vals (95% CIs) were estimated using the Cox proportional hazard model.
Results: In the 30-year follow-up, a total of 541 ESCC, 284 GCC, and 77 GNCC
deaths occurred. Relative to those who never or rarely consumed fresh fruit, the
risk of ESCC mortality in participants who consumed fresh fruit more than
12 times/year were significantly decreased by 37.3% (HR = 0.63, 95% CI:
0.49–0.81). In the subgroup analyses, significantly protective effects on ESCC
mortality were observed especially in females (HR = 0.59, 95% CI: 0.40–0.89),
non-smokers (HR = 0.67, 95% CI: 0.48–0.94), and nondrinkers (HR = 0.69, 95%
CI: 0.51–0.93).
Conclusions: Consuming fresh fruit more than 12 times/year may reduce the
long-term risk of ESCC mortality in this dysplasia population, particularly in
females, non-smokers, and nondrinkers. Future studies are needed to confirm
these findings.

Introduction

Cancers of the head and neck (oral cavity, pharynx, and
larynx), esophagus, and stomach are collectively called
upper gastrointestinal (UGI) tract cancers. UGI cancer is
one of the common types of cancer, especially in develop-
ing countries. There were approximately 1.6 million new
cases of upper gastrointestinal cancer (UGI), with about
1.29 million death cases after lung cancer in the world

according to GLOBOCAN 2018.1 Both stomach and
esophageal cancers are among the top five leading causes
of cancer deaths in China.2 Human vulnerability to UGI
cancer is influenced by environmental factors including
alcohol drinking and tobacco smoking for squamous cell
carcinoma, and Helicobacter pylori and tobacco smoking
for adenocarcinomas.3,4 It is thought that diet plays an
important role in the etiology of UGI cancer, although
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there is not yet any convincing evidence. Most of the evi-
dence on the effects of diet on UGI cancer risk has been
supported by observational epidemiological studies because
nutritional intervention clinical trials are often
unaffordable.5

The relationship between fruit consumption and human
health was confirmed in 2002 by the World Health Organi-
zation (WHO) and the United Nations Food and Agricul-
ture Organization (FAO).3 In 1997, the first World Cancer
Research Fund (WCRF) panel report concluded that con-
sumption of fruits and foods containing carotenoids and
vitamin C was a protective factor of oropharyngeal cancer
(OC), esophageal cancer and gastric cancer.6 However, the
existing conclusions were based on case-control studies or
prospective investigations in a healthy population7,8 Fur-
ther studies are needed to confirm the protective effects on
an undernourished population.
Linxian is a region with extremely high rates of UGI

cancer in China. Previous reports in the 1980s indicated
that nutritional deficiencies were common in this area,
suggesting the association between nutritional deficiencies
and high cancer rates.9 In 1985, our research team con-
ducted two randomized, double-blind, placebo-controlled
nutrition intervention trials (NITs) in Linxian, including
dysplasia-based (3318 participants) and general-population
based (29 584 participants) trials. The objective of NITs
was to explore the effect of combinations of vitamins and
minerals supplements on cancer incidence and mortality.
Previous studies have consistently demonstrated a decrease
in the risk of chronic disease associated with a higher
intake of fruit and vegetables, especially cardiovascular dis-
ease, stroke and cancer.5,10–12 In the Linxian general popu-
lation trial, the association between fresh fruit
consumption and the risk of esophageal squamous cell car-
cinoma (ESCC) has been extensively reported.13,14 How-
ever, the lifestyle, nutrition and health status of the
dysplasia population and general population were quite
different, which may imply that the same conclusion can-
not be extended to the dysplasia population. In this study,
the association between fresh fruit consumption and the
risk of UGI cancer mortality will be investigated in the
Linxian Dysplasia Nutrition Intervention Trial (NIT)
cohort.

Methods

Study population

Previous studies have reported the design and conduct of
the Linxian Dysplasia NIT cohort.15,16 In brief, the Linxian
Dysplasia NIT was conducted in 1985–1991. A total of
3318 adults who were cytologically diagnosed with esopha-
geal dysplasia were recruited from three northern

communes (Yaocun, Rencun, and Donggang) in Linxian.
Potential participants were eligible if they were aged
between 40 and 69 years and without other debilitating dis-
ease, or regularly took any vitamins or minerals. All partic-
ipants were randomly assigned to receive daily
supplementation with 26 vitamins and minerals or place-
bos for six years until 1991. Doses of the supplement were
typically 2–3 times (range, 20%–700%) the US Rec-
ommended Dietary Allowance. The enrollment of the sub-
jects and intervention phase of this trial are further
detailed in Figure 1.

Baseline information collection

A baseline questionnaire and brief physical examination
were given to collect general demographic characteristics
(age, gender, region, and level of education, etc), lifestyle
characteristics (smoking status, drinking status, etc), dis-
ease history and diet habits at the time of recruitment of
the participants. We retrospectively investigated the con-
sumption frequency of 10 common food categories: per-
simmon, moldy food, oily food, fresh vegetables, dried
vegetables, sour vegetables, fresh fruit, nut, meat, and eggs.
Subjects were asked how many times they had eaten the
above foods in different seasons (including times/day,
times/week, times/month, times/year, and never). Smokers
were defined as individuals who had smoked cigarettes or
used hookah or a pipe at least weekly for at least six
months, and the use of alcohol was divided into no alcohol
or any alcohol consumed in the previous 12 months. Die-
tary information included the frequency of persimmon
bread, moldy bread, foods cooked in oil, meats, eggs, fruit
and vegetable consumption. To avoid the bias caused by
seasonal effect, we calculated the frequency of fresh fruit
and vegetable consumption in winter/spring and summer/
autumn seasons, respectively, and finally converted the fre-
quency into five categories (Never, 1–3 times/year, 4–6
times/year, 7–12 times/year or more than 12 times/year).

Follow-up of cancer

Village Investigators with professional training visited partic-
ipants to collect cancer incidence and mortality monthly
data during the six-year trial period (May 1985–April 1991).
Relevant examination materials were regularly sent to the
international diagnostic team, a joint panel of Chinese and
American cytology pathologists and radiologists, to finally
determine terminal cases for ensuring the accuracy of the
study endpoint. The primary endpoints were ESCC, gastric
cardia carcinoma (GCC) and gastric noncardia carcinoma
(GNCC) mortality. Cancers in the most proximal 3 cm of
the stomach were defined as GCC and those originating
elsewhere in the stomach were defined as GNCC.17
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Ethics statement

The Linxian Dysplasia NIT study was approved by the
Institutional Review Boards of Cancer Hospital, Chinese
Academy of Medical Sciences and United States National
Cancer Institute. Participants were informed of the proce-
dure, general aim, possible benefits and risks of the study
at enrollment. After confirming that they fully understood
the study, they signed an informed consent form to indi-
cate their willingness to participate. All study procedures
followed the Helsinki Declaration and was regulated by the
ethics committee of Cancer Hospital, Chinese Academy of
Medical Sciences.

Statistical analysis

Survival data were collected from May 1985 (the start of
intervention) to each participant’s death date, lost date of
follow-up, or the closure date (30 September 2015). One-
way ANOVA and chi-square test were used to compare
the differences in baseline demographic and lifestyle char-
acteristics among the five fresh fruit consumption fre-
quency groups. Cox proportional hazards regression
models were used to calculate hazard ratios (HRs) and
95% confidence intervals (CIs) for the 30-year effect of
UGI cancer mortality, adjusting for age, gender, smoking
status, alcohol drinking, BMI, fresh vegetable consumption,
education level, and family cancer history at baseline.
Cumulative mortality curves were estimated by the method
of Kaplan-Meier and Log-rank tests were used to examine
significance among cumulative mortality curves. Analyses

were performed using SPSS 23.0. P-values less than 0.05
were considered statistically significant.

Results

After excluding 16 participants without data of diet habits
data and four participants lost to follow-up, 3298 subjects
were included in the final analyses. The mean age and BMI
at baseline were 53.26 � 7.52 years and 20.35 � 2.29
kg/m2, respectively. Female participants accounted for
about 56.1%. Participants who reported no or rare fresh
fruit consumption accounted for 30.6% of all participants,
followed by participants with a consumption frequency of
4–6 times/year (25.1%) (Table 1).
In the 30-year follow-up, a total of 2578 deaths occurred,

including 541 with ESCC, 284 with GCC, and 77 with
GNCC deaths. As compared with subjects who never or
rarely consumed fresh fruit, the risk of ESCC deaths in
participants who consumed fresh fruit 4–6 times/year and
more than 12 times/year were significantly decreased by
22.8% (HR = 0.77, 95% CI: 0.61–0.97) and 37.3%
(HR = 0.63, 95% CI: 0.49–0.81), respectively. The reduced
risk of ESCC mortality was also observed after adjusting
for age, BMI, gender, smoking, alcohol drinking, education
level, frequency of fresh vegetable consumption, and family
cancer history. However, no significant association was
found between fresh fruit consumption and long-term risk
of GCC or GNCC mortality (Table 2).
We also estimated the adjusted HRs for total UGI can-

cer, ESCC, GCC, and GNCC deaths after stratification by

Figure 1 CONSORT flow diagram of the Linxian Dysplasia Population Trial Cohort.
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age at baseline, gender, smoking, alcohol drinking, and
family cancer history (Tables 3–5). More than 12 times/
year fresh fruit consumption could reduce the risk of ESCC
cancer death in females, non-smokers, and nondrinkers
(HR female = 0.59, 95% CI: 0.40–0.89; HR non-smokers = 0.67,
95% CI: 0.48–0.94; HR nondrinkers = 0.69, 95% CI:
0.51–0.93). Significantly reduced risk of death was also
observed in females and non-smokers with GNCC
(HR female = 0.19, 95% CI: 0.04–0.86; HR non-smokers = 0.28,
95% CI: 0.09–0.84).
Cumulative mortality curves of ESCC, GCC and GCC

and UGI cancer by frequencies of fresh fruit consumption
categories are presented in Figure 1. Compared with the
group of never or rarely consumed fresh fruit, a lower
cumulative mortality rate of ESCC was observed in the
group of consumed fresh fruit more than 12 times/year
(29.9% vs. 19.5%, P < 0.01). The same effect was also
observed in UGI cancer (41.9% vs. 30.4%, P < 0.01).

Discussion

Our results showed that fresh fruit consumption may
reduce the long-term risk of ESCC mortality in the

dysplasia population, particularly in females, non-smokers,
and nondrinkers. Several large prospective studies have
found relatively consistently that higher fruit consumption
is associated with lower all-cause mortality and risk of
chronic diseases such as chronic obstructive pulmonary
disease (COPD), cardiovascular disease, diabetes, and
cancer.7,8,18–24 The association between fruit consumption
and digestive tract cancer mortality has been reported in
previous studies.7,25 Lifestyle is closely associated with the
development of UGI cancer. Therefore, good dietary
habits, specifically fresh fruit and vegetable intake, can help
to prevent the onset of UGI cancer. The probable molecu-
lar mechanisms of fruit consumption against esophageal
cancer may include the following: (i) Fresh fruit intake
could reduce the long-term incidence and death risk of
esophageal cancer by increasing the amount of trace ele-
ments and antioxidants such as, vitamin C, carotenoids,
folate, and flavonoids, which could reduce the probability
of DNA damage by removing oxygen-free radicals;26,27 and
(ii) fresh fruit consumption could increase dietary fiber
intake, and this indigestible dietary nutrient composition
could inhibit the malignant transformation of esophageal
epithelial cells.28

Table 1 Baseline demographic characteristics by the frequency of fresh fruit consumption in the Linxian dysplasia nutrition intervention trial cohort

Frequency of fresh fruit consumption (times/year)

P-
value*

None 1–3 4–6 7–12 >12

(n = 1009) (n = 420) (n = 827) (n = 398) (n = 644)

Age at interview (years,
mean � SD)

55.65 � 6.82 52.45 � 7.34 52.65 � 7.33 52.59 � 7.73 51.26 � 7.87 <0.01

Body mass index
(kg/m2,mean � SD)

20.08 � 2.29 20.34 � 2.24 20.37 � 2.32 20.56 � 2.36 20.62 � 2.22 <0.01

Consumption of fresh
vegetables (times/year,
mean � SD)

591.21 � 228.17 598.82 � 239.66 603.96 � 228.58 618.42 � 229.07 648.30 � 241.21 <0.01

Gender 0.04
Female 656 (65.0%) 267 (63.6%) 449 (54.3%) 203 (51.0%) 276 (42.9%)
Male 353 (35.0%) 153 (36.4%) 378 (45.7%) 195 (49.0%) 368 (57.1%)

Smoking <0.01
No 773 (76.6%) 321 (76.4%) 567 (68.6%) 280 (70.4%) 399 (62.0%)
Yes 236 (23.4%) 99 (23.6%) 260 (31.4%) 118 (29.6%) 245 (38.0%)

Alcohol drinking <0.01
No 917 (90.9%) 360 (85.7%) 674 (81.5%) 304 (76.4%) 428 (66.5%)
Yes 92 (9.1%) 60 (14.3%) 153 (18.5%) 94 (23.6%) 216 (33.5%)

Family cancer history 0.12
Yes 414 (41.0%) 159 (37.9%) 376 (45.5%) 201 (50.5%) 300 (46.6%)
No 595 (59.0%) 261 (62.1%) 451 (54.5%) 197 (49.5%) 344 (53.4%)

Education level 0.11
Non 545 (54.0%) 195 (46.4%) 360 (43.5%) 128 (32.2%) 175 (27.2%)
<Primary education 235 (23.3%) 131 (31.2%) 248 (30.0%) 150 (37.7%) 217 (33.7%)
≥Primary education 60 (5.9%) 44 (10.5%) 115 (13.9%) 58 (14.6%) 152 (23.6%)
Unknown 169 (16.7%) 50 (11.9%) 104 (12.6%) 62 (15.6%) 100 (15.5%)

*P-value derived from χ2 or one-way ANOVA tests, as appropriate, for categorical and continuous variables.
Note: P value was less than 0.05.

Thoracic Cancer 11 (2020) 1918–1926 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1921

H. Yang et al. Fresh fruit and ESCC mortality



The previous diet review survey showed that fresh fruit
consumption in the Linxian population had the character-
istics of low intake, single variety, and great seasonal
effects. The study conducted in the Linxian general popula-
tion NIT cohort showed that fresh fruit consumption may
decrease the long-term risk of acquiring esophageal can-
cer.13 However, little evidence is available in the dysplasia
population. Therefore, based on the Linxian dysplasia pop-
ulation intervention trial cohort, this study aimed to inves-
tigate whether fresh fruit intake could reduce the long-
term risk of UGI cancer death through long-term follow-
up observations of subjects with different fresh fruit intake.

Our results showed that the intake of fresh fruit may
reduce the long-term risk of ESCC mortality. According to
the stratified analysis, more than 12 times/year of fresh
fruit consumption could significantly reduce the long-term
risk of ESCC, particularly in women, non-smokers, and
nondrinkers, which is inconsistent with previously reported
results in the general population.14 Wang et al. calculated
the proportion of esophageal cancer attributable to drink-
ing, smoking, low vegetable and fruit consumption. The
esophageal cancer incidence and mortality data was based
on the third national death cause survey and population-
based cancer registries in China. The results showed that

Table 2 Crude and adjusted hazard ratios (HRs) and 95% CIs for the associations between the frequency of fresh fruit consumption and risk of UGI
cancer in the Linxian dysplasia nutrition intervention trial cohort

HRs (95% CIs)

None 1–3 times/year 4–6 times/year 7–12 times/year >12 times/year

ESCC Crude 1.000 0.859 (0.654–1.128) 0.772 (0.614–0.970) 0.884 (0.672–1.163) 0.627 (0.485–0.811)
Age-and gender-adjusted 1.000 0.980 (0.745–1.290) 0.850 (0.674–1.072) 0.959 (0.727–1.265) 0.694 (0.533–0.904)
Fully adjusted† 1.000 1.016 (0.772–1.338) 0.881 (0.698–1.111) 0.974 (0.736–1.289) 0.720 (0.551–0.942)

GCC Crude 1.000 0.912 (0.613–1.357) 1.176 (0.868–1.592) 0.819 (0.538–1.247) 0.824 (0.580–1.172)
Age-and gender-adjusted 1.000 1.070 (0.717–1.597) 1.280 (0.941–1.741) 0.861 (0.564–1.316) 0.871 (0.607–1.249)
Fully adjusted† 1.000 1.081 (0.724–1.615) 1.313 (0.964–1.789) 0.927 (0.604–1.422) 0.913 (0.631–1.320)

GNCC Crude 1.000 1.011 (0.529–1.929) 0.589 (0.317–1.095) 0.597 (0.271–1.316) 0.519 (0.262–1.026)
Age-and gender-adjusted 1.000 1.140 (0.593–2.189) 0.639 (0.341–1.196) 0.639 (0.288–1.417) 0.558 (0.277–1.124)
Fully adjusted† 1.000 1.200 (0.624–2.307) 0.667 (0.355–1.253) 0.633 (0.283–1.419) 0.594 (0.291–1.212)

†Adjusted for age at baseline, sex, smoking, drinking, BMI, family history of cancer, education level, frequency of fresh fruit and vegetable consump-
tion (times/year). ESCC, esophageal squamous cell carcinoma; GCC, gastric cardia carcinoma; GNCC, gastric noncardia carcinoma

Table 3 Adjusted hazard ratios (HRs) and 95% CIs in subgroup analyses for the associations between the frequency of fresh fruit consumption and
risk of ESCC in the Linxian dysplasia nutrition intervention trial cohort

HRs (95% CIs)

None 1–3 times/year 4–6 times/year 7–12 times/year >12 times/year

Age at interview†
<53 years 1.000 1.031 (0.673–1.579) 0.725 (0.496–1.058) 0.941 (0.607–1.46) 0.727 (0.484–1.092)
>=53 years 1.000 0.973 (0.676–1.401) 1.021 (0.761–1.37) 1.017 (0.705–1.467) 0.729 (0.507–1.049)

Gender‡ 1.000
Female 1.000 0.89 (0.619–1.279) 0.803 (0.589–1.095) 0.76 (0.507–1.141) 0.593 (0.396–0.889)
Male 1.000 1.259 (0.819–1.933) 1.021 (0.713–1.462) 1.284 (0.857–1.925) 0.906 (0.619–1.326)

Smoking§ 1.000
No 1.000 1.004 (0.729–1.384) 0.895 (0.681–1.176) 0.761 (0.536–1.08) 0.672 (0.481–0.939)
Yes 1.000 1.101 (0.644–1.884) 0.9 (0.576–1.406) 1.586 (0.978–2.572) 0.881 (0.552–1.404)

Drinking¶ 1.000
No 1.000 1.018 (0.762–1.362) 0.834 (0.648–1.072) 0.98 (0.723–1.328) 0.687 (0.508–0.93)
Yes 1.000 1.131 (0.47–2.72) 1.118 (0.565–2.214) 0.916 (0.425–1.977) 0.837 (0.417–1.68)

Family cancer history†† 1.000
Yes 1.000 0.856 (0.569–1.287) 0.801 (0.579–1.107) 0.709 (0.476–1.055) 0.716 (0.497–1.032)
No 1.000 1.16 (0.797–1.69) 0.948 (0.678–1.324) 1.31 (0.883–1.944) 0.717 (0.483–1.065)

†Adjusted for BMI, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. ‡Adjusted for age at
baseline, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. §Adjusted for age at baseline,
BMI, gender, drinking, family history of cancer, education level, and consumption of fresh vegetables. ¶Adjusted for age at baseline, BMI, gender,
smoking, family history of cancer, education level, and consumption of fresh vegetables. ††Adjusted for age at baseline, BMI, gender, smoking,
drinking, education level, and consumption of fresh vegetables.
Note: P value was less than 0.05.
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these four risk factors could increase esophageal cancer
incidence and mortality risk.29 However, the present find-
ings suggested that the effects of smoking and drinking,
once other lifestyles such as dietary habit were taken into

account, was of much less significance. A case-control
study evaluated the joint effect of fruit consumption com-
bined with drinking and smoking on esophageal cancer.
The study showed that there was a multiplicative

Table 4 Adjusted hazard ratios (HRs) and 95% CIs in subgroup analyses for the associations between the frequency of fresh fruit consumption and
risk of GCC in the Linxian dysplasia nutrition intervention trial cohort

HRs (95% CIs)

None 1–3 times/year 4–6 times/year 7–12 times/year >12 times/year

Age at interview†
<53 years 1.000 0.808 (0.377–1.731) 1.415 (0.824–2.432) 1.026 (0.498–2.114) 1.06 (0.575–1.955)
>=53 years 1.000 1.261 (0.786–2.024) 1.249 (0.851–1.833) 0.881 (0.513–1.511) 0.837 (0.519–1.35)

Gender‡
Female 1.000 1.073 (0.585–1.97) 1.613 (1.015–2.562) 1.111 (0.559–2.209) 1.081 (0.582–2.008)
Male 1.000 1.094 (0.641–1.868) 1.131 (0.747–1.713) 0.834 (0.481–1.444) 0.817 (0.515–1.298)

Smoking§
No 1.000 1.085 (0.654–1.8) 1.29 (0.863–1.93) 0.794 (0.441–1.431) 0.859 (0.513–1.439)
Yes 1.000 1.076 (0.557–2.08) 1.337 (0.82–2.181) 1.178 (0.626–2.218) 0.978 (0.569–1.681)

Drinking¶
No 1.000 1.26 (0.828–1.916) 1.408 (1.002–1.978) 1.066 (0.665–1.711) 0.887 (0.571–1.378)
Yes 1.000 0.281 (0.062–1.277) 0.916 (0.427–1.964) 0.561 (0.204–1.537) 0.79 (0.372–1.682)

Family cancer history††
Yes 1.000 0.994 (0.52–1.901) 1.155 (0.715–1.867) 0.459 (0.21–1.004) 0.669 (0.37–1.208)
No 1.000 1.145 (0.686–1.911) 1.431 (0.954–2.147) 1.398 (0.832–2.35) 1.117 (0.697–1.79)

†Adjusted for BMI, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. ‡Adjusted for age at
baseline, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. §Adjusted for age at baseline,
BMI, gender, drinking, family history of cancer, education level, and consumption of fresh vegetables. ¶Adjusted for age at baseline, BMI, gender,
smoking, family history of cancer, education level, and consumption of fresh vegetables. ††Adjusted for age at baseline, BMI, gender, smoking,
drinking, education level, and consumption of fresh vegetables.

Table 5 Adjusted hazard ratios (HRs) and 95% CIs in subgroup analyses for the associations between the frequency of fresh fruit consumption and
risk of GNCC in the Linxian dysplasia nutrition intervention trial cohort

HRs (95% CIs)

None 1–3 times/year 4–6 times/year 7–12 times/year >12 times/year

Age at interview†
<53 years 1.000 2.631 (1.01–6.855) 1.107 (0.415–2.951) 1.2 (0.372–3.877) 0.838 (0.28–2.506)
>=53 years 1.000 0.49 (0.145–1.658) 0.486 (0.193–1.223) 0.452 (0.131–1.562) 0.561 (0.204–1.543)

Gender‡
Female 1.000 1.268 (0.566–2.84) 0.559 (0.236–1.322) 0.552 (0.181–1.685) 0.19 (0.042–0.855)
Male 1.000 0.949 (0.294–3.063) 0.774 (0.3–1.993) 0.687 (0.21–2.247) 1.085 (0.435–2.709)

Smoking§
No 1.000 1.544 (0.774–3.078) 0.734 (0.362–1.49) 0.593 (0.234–1.503) 0.277 (0.092–0.836)
Yes 1.000 (−) 0.429 (0.104–1.768) 0.711 (0.139–3.646) 1.252 (0.401–3.911)

Drinking¶
No 1.000 1.155 (0.562–2.375) 0.775 (0.402–1.494) 0.629 (0.253–1.564) 0.584 (0.257–1.325)
Yes 1.000 1.683 (0.27–10.49) 0.171 (0.017–1.704) 0.465 (0.076–2.856) 0.686 (0.131–3.605)

Family cancer history††
>Yes 1.000 0.697 (0.227–2.146) 0.613 (0.253–1.483) 0.386 (0.109–1.368) 0.852 (0.351–2.065)
>No 1.000 1.587 (0.687–3.664) 0.691 (0.279–1.707) 1.039 (0.357–3.025) 0.32 (0.087–1.186)

†Adjusted for BMI, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. ‡Adjusted for age at
baseline, gender, smoking, drinking, family history of cancer, education level, and consumption of fresh vegetables. §Adjusted for age at baseline,
BMI, gender, drinking, family history of cancer, education level, and consumption of fresh vegetables. ¶Adjusted for age at baseline, BMI, gender,
smoking, family history of cancer, education level, and consumption of fresh vegetables. ††Adjusted for age at baseline, BMI, gender, smoking,
drinking, education level, and consumption of fresh vegetables.
Note: P value was less than 0.05.
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interaction between fruit consumption and smoking and
alcohol drinking. After adjusting for age, gender, socioeco-
nomic status, education level, and other confounders, fruit
consumption could still decrease esophageal cancer risk
associated with smoking and alcohol drinking.30 The atten-
uation of the relative risk for smoking and alcohol drinking
by adjusting for fresh fruit intake suggested that part of the
risk attributed to smoking and drinking was due to the
deficiency of protective foods. In the NIT general popula-
tion cohort, only 16.4% of male smokers never or rarely
ate fresh fruit, while others usually consumed fresh fruit
more than once per month. During the 30-year follow-up,
891 ESCC deaths occurred in male smokers, which
accounted for 10.1% of the total number of NIT general
population.14 In the dysplasia cohort, more than 80% of
participants ate fruit less than 12 times/year. However,
17.3% of subjects died of esophageal cancer. Therefore, the
higher fresh fruit intake, as well as the lower mortality rate
of ESCC in male smokers in NIT general population
cohort, could lead to the observed significant protective
effect of fruits on ESCC death. In the dysplasia population,
the frequency of fruit consumption was too low to offset
the harm caused by smoking and alcohol drinking, which
may explain why no significant protective effect was seen
among smokers and drinkers (Fig 2).
Men usually have a higher risk of developing ESCC in

China,31 and this may be related to the lifestyle between

different genders. A previous study indicated that in
China, smoking and alcohol drinking were associated with
an esophageal cancer risk among men, but not among
women in the high-risk area.32 In the dysplasia cohort,
smokers and drinkers accounted for only 0.6% and 7.8% in
female subjects, respectively, while 64.8% and 33.3% of
male subjects had a history of smoking and alcohol drink-
ing, respectively. This result means that women could have
a better lifestyle and be more likely to have a lower risk of
ESCC death, which may lead to increased survival and bias
and overestimated protection caused by fresh fruit con-
sumption. Protective effects were also seen in older sub-
jects, males, smokers, and drinkers, although the difference
was not statistically significant. The probable reason may
be the larger proportion of cases among older subjects,
males and smokers. Unmeasured confounders could also
lead to the underestimated association between smoking
and UGI cancer. A further study will be conducted to
explore the possible reasons.
This study had several advantages such as large number

of cancer cases, long-term follow-up, and low rate of lost
to follow-up. At the same time, early research showed that
the fresh fruit intake of the population in Linxian did not
change significantly during the 15 years,13 providing a basis
for the analysis of this study. However, our study still had
some limitations. First, it was difficult to make the patho-
logical diagnosis in Linxian during the baseline survey

Figure 2 Effect of fresh fruit con-
sumption on the cumulative incidence
rate of (a) esophageal squamous cell
carcinoma (ESCC) [ None,
1–3 times/year, 4–6 times/year,

7–12 times/year, and >12
times/year], (b) Gastric cardia carci-
noma (GCC) [ None, 1–3
times/year, 4–6 times/year,
7–12 times/year, and >12 times/
year], Gastric noncardia carcinoma
(GNCC) [ None, 1–3 times/
year, 4–6 times/year, 7–12
times/year, and >12 times/year]
and total UGI cancer (d) [ None,

1–3 times/year, 4–6 times/
year, 7–12 times/year, and
>12 times/year]. None :1–3
times/year : 4–6 times/year :
7–12 times/year : >12 times/year.
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period, so we only included individuals with a cytological
diagnosis of esophageal squamous dysplasia, which indi-
cated that the generalization of our results to other
populations remains uncertain. Second, fruit consumption
frequency was assessed through a baseline diet question-
naire. Accurate quantitative measurements were not possi-
ble. As the follow-up time extended, fresh fruit intake and
other lifestyle habits such as smoking and alcohol drinking
also changed, which may lead to erroneous estimates of the
association between fresh fruit intake and long-term risk of
UGI cancer deaths and the existence of recall bias. Third,
apart from vegetable intake, other dietary factors were not
considered in this study, so we were unable to evaluate the
interaction between other dietary factors and fresh fruit
intake. Socioeconomic status (SES), which could be
predicted with education level,33 was an unmeasured factor.
Although we included education level into our analyses, we
still could not confirm whether this indicator can
completely replace socioeconomic status.
In summary, consuming fresh fruit more than 12 times/

year may reduce the long-term risk of ESCC mortality in
this dysplasia population, especially in females, non-
smokers, and nondrinkers. Future studies are needed to
confirm these findings. If this association is largely causal
and effective measures can be implemented to increase
fresh fruit consumption, the risk of ESCC mortality can be
significantly reduced.
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