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Background This study aimed to assess the associations of two common 
types of preserved vegetables in China, salted and sour pickled vegetables, 
with the risk of gastrointestinal tract (GI) cancers, including oesophageal 
cancer, stomach cancer, and colorectal cancer.

Methods The China Kadoorie Biobank collected intake frequency of pre-
served vegetables among 510 143 adults without self-reported cancer 
during 2004–2008, and followed up till 31 December 2018. The second 
resurvey further collected intake frequencies of salted and sour pickled veg-
etables, which classified the 10 study areas into three types of regions, in-
cluding the regions never/rarely consuming preserved vegetables (number 
of participants at baseline = 201 844), mainly consuming salted vegetables 
(n = 202 927), and mainly consuming sour pickled vegetables (n = 105 372). 
Cox proportional models were respectively performed to calculate hazard 
ratios (HRs) for GI cancers with preserved vegetables in the latter two types 
of regions among baseline participants.

Results In the regions mainly consuming salted vegetables, preserved 
vegetable consumption was positively associated with stomach cancer 
(HR = 1.17; 95% confidence interval = 1.00–1.37; P for trend = 0.039). In 
the regions mainly consuming sour pickled vegetables, a dose-response 
positive relationship was observed between preserved vegetable consump-
tion and the risk of oesophageal cancer (P for trend = 0.013), with adjusted 
HR of 1.35 (95% CI = 1.02–1.80) for those who daily consumed compared 
with never consumed.

Conclusions Our findings suggest that different types of preserved veg-
etables might have different effects on GI cancers, and limiting preserved 
vegetable consumption might be protective against developing GI cancers.

© 2024 The Author(s)

Worldwide, gastrointestinal tract (GI) cancers accounted for approximately 
one-fifth of the incidence and mortality of all cancers, with 3.62 million 
newly-diagnosed cases and 2.25 million deaths in 2020 [1]. GI cancers pose 
a severe disease burden in China and exhibit unique characteristics. The 
National Cancer Centre of China reported 1.16 million cases and 0.68 mil-
lion deaths due to GI cancers in 2016 [2]. Oesophageal and stomach cancer 
incidence and mortality rates in China are significantly higher than those in 
Western countries such as the United Kingdom and the United States [1]. 
Moreover, squamous cell carcinoma accounts for over 90% of oesophageal 
cancer in China, whereas adenocarcinoma is the predominant subtype in 
Western countries [3]. Therefore, it is imperative to research the risk factors 
of GI cancers in China.
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Diet is a modifiable risk factor for GI cancers. Preserved vegetables offer the advantages of long preserva-
tion and unique flavours, which has led to their popularity worldwide. Well-known preserved vegetables 
include American sour cucumber, German red cabbage, Korean kimchi, Japanese tsukemono, and pickles 
in the Sichuan (a province in China) style. Preserved vegetables are distinguished by tastes and processing 
methods and could be typically classified into salted vegetables and sour pickled vegetables accordingly. 
Salted vegetables are made by permeating in high-concentration salt, such as Meicai, a kind of salted-and-
sun-dried Chinese cabbage. Sour pickled vegetables are made from fermentation by lactic acid bacteria 
and other microorganisms, such as pickled vegetables in the Sichuan style and Chinese sauerkraut in the 
Northeastern style.

The association between preserved vegetables and the risk of GI cancers has not been fully clarified. A recent 
meta-analysis of 10 cohort studies (eight among Japanese and two among Korean) revealed a positively 
dose-response relationship between preserved vegetable consumption and the risk of stomach cancer [4]. 
However, such association was only found among Japanese, but not among Korean [4]. For Chinese, a pos-
itive association between preserved vegetable consumption and the risk of stomach cancer was found in a 
meta-analysis of 27 case-control studies and two cohort studies [5]. The regional disparity might arise from 
the distinct processing methods of preserved vegetables, resulting in the variations in types [6,7]. Therefore, 
it is essential to fully consider the varied types of preserved vegetables across different regions. As for oesoph-
ageal cancer, previous case-control studies discovered a positive association between preserved vegetables 
and oesophageal cancer [8]. However, cohort studies conducted in Linxian, a high-risk area for oesopha-
geal cancer in China, did not find a pronounced association, which might be attributed to implementing 
anti-cancer public health campaigns that proposed to limit the intake of preserved vegetables [9,10]. Until 
now, limited research examined the association between preserved vegetables and colorectal cancer, which 
is one of the most common cancers in China and worldwide in 2020 [1].

To address the evidence gap, we conducted the present study to explore the association of two major types of 
preserved vegetable consumption, i.e. salted and sour pickled vegetables, with the incidence of three major 
GI cancers (i.e. oesophageal, stomach, and colorectal cancers) using China Kadoorie Biobank (CKB) study.

METHODS

Study design and participants

The CKB study is a population-based prospective cohort study. At the baseline survey in 2004–2008, 512 723 
individuals aged 30–79 years from five urban areas (Liuzhou, Haikou, Suzhou, Qingdao, and Harbin) and 
five rural areas (Sichuan, Gansu, Hunan, Henan, and Zhejiang) across China participated in a questionnaire 
survey, anthropometric measurements, and blood draw. Besides, periodic resurveys were conducted every 
4–5 years among ~ 5% randomly selected participants. Using similar but more detailed procedures, resurveys 
are good supplements to the baseline survey. Details of the CKB study have been described elsewhere [11,12].

In the present study, we excluded the participants with a self-reported history of cancer (n = 2 578), and 
those with missing values of body mass index (BMI) (n = 2), leaving 510 143 in the present analysis (Figure 
S1 in the Online Supplementary Document).

Assessment of preserved vegetable consumption

An interviewer-administered electronic questionnaire was employed to collect information on dietary hab-
its (including preserved vegetable consumption) and other covariates, namely sociodemographic charac-
teristics (age, sex, study regions, highest educational level, and household income), smoking status, alcohol 
intake, physical activity, et al.

Specifically, dietary habits were assessed through a validated self-designed food frequency questionnaire 
(FFQ) at baseline [13]. Participants were asked about intake frequency (never/rarely, monthly, 1–3 days/week, 
4–6 days/week, or daily) of each food item last year. Items of the FFQ covered major common food groups 
in China, including rice, wheat products, other staple foods, meat, poultry, fish, eggs, dairy products, soy-
bean products, fresh fruit, fresh vegetables, and preserved vegetables (such as Meicai and pickled mustard).

At the second resurvey in 2013–2014, preserved vegetables were divided up into salted vegetables and sour 
pickled vegetables, and were respectively collected the intake frequency and amount. The more detailed 
data of the resurvey made it possible to estimate the habitual intake type and usual amount of preserved 
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vegetables at baseline, which enabled us to examine the association of different types of preserved vege-
tables with health outcomes and correct regression dilution bias (Supplementary methods in the Online 
Supplementary Document).

Two dietary validation studies of 432 and 416 participants confirmed acceptable or good relative validity 
compared to 12-day 24-hour dietary recalls and reproducibility of the qualitative FFQ at baseline and quan-
titative FFQ at the second resurvey. About preserved vegetables of the qualitative FFQ, the weighted kappa 
coefficients for the validity and reproducibility were 0.81 and 0.75, respectively. Similarly, the salted vegeta-
bles and sour pickled vegetables of the quantitative FFQ also showed good relative validity and reproducibil-
ity, with weighted kappa coefficients >0.80 (for salted vegetables) and adjusted spearman coefficients ~ 0.70 
(for sour pickled vegetables) [13].

Identification of cancer cases

The CKB study followed up with participants through multiple methods, such as local disease and death 
registries, electronic linkage to the national health insurance system, and annual active follow-up, which 
ensured a low percentage (<1%) of loss to follow-up. The ongoing event adjudication has checked the accu-
racy of incident cancer in the study. By 31 December 2017, professional doctors reviewed the medical notes 
of 16 998 cancer cases, and ~ 95% of primary diagnoses were confirmed. Trained staff blinded to the base-
line information coded the non-fatal and fatal events by the International Classification of Diseases (ICD)-
10. The present study focused on GI cancers, including oesophageal cancer (ICD-10: C15), stomach cancer 
(C16), and colorectal cancer (C18–C20). The person-years were calculated from enrolment to the date of 
the outcome of interest, death, loss to follow-up, or the study end date (31 December 2018 for this present 
study), whichever came first.

Statistical analyses

The present study classified the 10 survey areas according to the type of preserved vegetables mainly con-
sumed at the second resurvey (Supplementary methods, Figure S2, Figure S3 in the Online Supplementary 
Document). Three types of regions were classified:

1) �rarely consuming both salted vegetables and sour pickled vegetables, abbreviated as ‘never/rarely 
consuming preserved vegetables’ (Haikou, Liuzhou, Hunan, and Henan, number of participants 
at baseline = 201 844)

2) �often consuming salted vegetables but rarely consuming sour pickled vegetables, abbreviated as 
‘mainly consuming salted vegetables’ (Qingdao, Harbin, Suzhou, and Zhejiang, n = 202 927)

3) �often consuming sour pickled vegetables but rarely consuming salted vegetables, abbreviated as 
‘mainly consuming sour pickled vegetables’ (Sichuan and Gansu, n = 105 372). Considering eat-
ing habits were a long-established tradition and culture, we assumed that in each study area, the 
average intake frequency of each type of preserved vegetables would not change drastically over 
time. Therefore, the following analyses were performed in the regions mainly consuming salted 
vegetables and the regions mainly consuming sour pickled vegetables.

The histograms were drawn to check whether the continuous variables followed the normal distribution. The 
baseline characteristics of participants across the five categories of baseline preserved vegetable consump-
tion were described as mean (standard deviations (SDs)) or median (interquartile range (IQR)) for continu-
ous variables and percentages for categorical variables. Cox proportional regression models were performed 
to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for GI cancers with preserved vegetable 
consumption, with participants who never/rarely consumed preserved vegetables (defined as ‘rare consum-
ers’ hereafter) as the reference group. Using age as underlying time scale, the Cox models were stratified 
by baseline age groups (in five-year intervals) and adjusted potential confounders including education (no 
formal school, primary school, middle school, high school, college and above), household income (<2500, 
2500–4999, 5000–9999, 10 000–19 999, 20 000–34 999, ≥35 000 yuan/y), family history of cancer (yes/no), 
smoking (never/occasional smokers, former smokers, current 1–9 cigarettes/d, 10–19 cigarettes/d, 20–29 cig-
arettes/d, ≥30 cigarettes/d), alcohol consumption (not weekly drinking, ex-regular drinkers, weekly drinkers, 
daily and <15 g/d, 15–29 g/d, 30–59 g/d, ≥60 g/d) [14], physical activity (continuous, metabolic equivalent 
of task hours per day (MET-h)), BMI (continuous, kg/m2), waist circumference (continuous, cm), and intake 
frequency of fresh fruits, meat (never/rarely, monthly, 1–3 days/week, 4–6 days/week, daily), fresh vegeta-
bles (daily or not daily), and spicy food (never/occasionally, monthly, 1–2 days/week, 3–5 days/week, daily/
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almost every day). The proportional hazards assumptions of Cox models were not violated via Schoenfeld 
residuals. We took the intake frequency of preserved vegetables as a continuous variable to estimate the 
dose-response relationship. Besides, we corrected regression dilution bias by estimating the usual amount 
of preserved vegetables (Supplementary methods in the Online Supplementary Document).

Several sensitivity analyses were conducted to assess the robustness of the main results. First, we excluded 
the participants who developed corresponding cancer during the first two years to eliminate the reverse 
causation in analysing each site-specific GI cancer. Second, we additionally adjusted a few variables to reduce 
the possibility of residual confounding. Specifically, we respectively further adjusted:

1) daily energy intake (continuous in log-transformed formal, kcal/d)

2) �intake of dietary supplements (yes or no), including fish oil/cod liver oil, vitamins, calcium/iron/
zinc, ginseng, and other herbal products

3) the years of having a refrigerator (continuous, years), an indicator for the food preservation

4) �intake of rice, wheat, other staples, poultry, fish/seafood, eggs, soybean, and dairy products (never/
rarely, monthly, 1–3 days/week, 4–6 days/week, daily)

5) �the frequency and temperature of tea drinking (less than weekly, weekly, daily and warm, daily 
and hot, daily and burning hot).

We also examined whether the association of preserved vegetables and GI cancers varied in different sub-
groups stratified by age, sex, smoking status (only in males due to the scarcity of current female smokers), 
alcohol drinking status (only in males), body shape (defined by BMI and waist circumference), the tempera-
ture of tea drinking, and the intake frequency of spicy food, fresh fruit, and meat. The likelihood ratio tests 
calculated the P-values of interaction.

All statistical analyses were conducted by Stata (version 15.0, Texas, USA, copyright 1985-2024). All P-values 
were two-sided, and statistical significance was defined as P < 0.05.

RESULTS
Salted vegetable-consuming regions were three urban areas (Qingdao, Harbin, and Suzhou) and one ‘semi-ru-
ral’ area (Zhejiang). Among the participants in these regions (n = 202 927, median age: 51.6 (IQR = 16.5) years, 
58.2% were females), 29.5% consumed daily with an average consumption of 3.1 days/week. Whereas sour 
pickled vegetable-consuming regions were two rural areas (Sichuan and Gansu, n = 105 372, median age: 
50.4 (17.0) years, and 61.5% were females), and had an average intake of 2.8 days/week, with 16.3% con-
sumed daily. Overall, participants from salted vegetable-consuming regions had a higher education level, 
household income, and a longer time owning a refrigerator than those in sour pickled vegetable-consuming 
regions (Table 1, Table 2, Table S1, Table S2 in the Online Supplementary Document).

During a mean follow-up of 11.7 (SD = 2.3) years and approximately 3.6 million person-years, 6348 GI cancer 
cases were documented, including 1166 oesophageal cancers, 2934 stomach cancers, and 2534 colorectal 
cancers, with corresponding incidence rates of 32.1, 80.8 and 69.8 per 100 000 person-years.

In the regions mainly consuming salted vegetables, preserved vegetable consumption was positively associ-
ated with stomach cancer in a dose-response manner (P for trend = 0.039), with multivariable-adjusted HR 
of 1.17 (95% CI = 1.00–1.37) for daily consumers compared with rare consumers. After correction for regres-
sion dilution bias, for each 50 g/d higher preserved vegetable consumption, the corresponding HR was 1.32 
(95% CI = 1.05–1.67) for stomach cancer in the regions mainly consuming salted vegetables. No statistically 
significant associations between preserved vegetable consumption and other site-specific GI cancers were 
found in these regions (Table 3, Table S3 in the Online Supplementary Document).

In the regions mainly consuming sour pickled vegetables, after adjustment for sociodemographic factors, 
preserved vegetable consumption was significantly associated with an 18% (HR = 1.18; 95% CI = 1.01–1.39) 
higher risk of GI cancers when comparing daily consumers with rare consumers, with a significant linear 
trend (P for trend = 0.019). After further adjustment for lifestyle factors, the association was not significant 
(HR = 1.16; 95% CI = 0.98–1.36; P for trend = 0.072). Besides, a pronounced positive association was found 
for oesophageal cancer (P for trend = 0.013), with an adjusted HR of 1.35 (95% CI = 1.02–1.80) for daily con-
sumers compared with rare consumers. After correction for regression dilution bias, for each 50 g/d higher 
preserved vegetable consumption, the corresponding HR was 1.73 (95% CI = 1.16–2.60) for oesophageal 
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Table 1. Baseline characteristics of participants in the regions mainly consuming salted vegetables (n = 202 927)*

Characteristics Frequency of preserved vegetable consumption
Never Monthly 1–3 day/week 4–6 day/week Daily Overall

Number of participants 25 416 47 169 54 489 15 926 59 927 202 927

Usual preserved vegetable consumption (g/d) 4.5 (2.1) 7.5 (1.6) 13.9 (2.2) 20.7 (3.8) 29.3 (9.4) 13.9 (18.4)

Age (years) 51.5 (17.9) 51.5 (16.1) 50.8 (16.3) 51.4 (15.8) 52.6 (16.2) 51.6 (16.5)

Females (%) 59.9 58.2 56.5 58.1 59.0 58.2

Education ≥ middle school (%) 74.5 43.2 50.9 50.3 54.2 53.0

Household income ≥20 000 yuan/y (%) 60.8 73.5 71.1 67.2 61.2 67.2

Family history of cancer (%) 22.7 17.0 18.8 21.0 24.4 20.7

Ever smokers in males (%) 78.4 87.1 85.2 86.4 88.0 85.8

Ever smokers in females (%) 5.7 3.7 3.9 4.7 5.9 4.7

Weekly alcohol consumption in males (%) 39.9 39.1 42.5 44.9 50.3 43.8

Weekly alcohol consumption in females (%) 2.7 1.8 1.9 2.2 2.3 2.1

Regular consumption of foods (%)

Fresh vegetable (daily) 97.8 96.2 96.3 97.1 98.8 97.3

Fresh fruit (>four days/week) 58.0 30.7 37.7 41.8 41.8 40.1

Meat (>four days/week) 58.9 53.1 55.4 55.8 54.0 54.9

Spicy food (daily) 4.8 3.7 4.4 5.0 9.2 5.8

Total physical activity (MET-h/d) 15.0 (17.6) 22.9 (24.6) 21.8 (23.4) 20.9 (23.0) 17.6 (21.3) 19.6 (22.4)

BMI (kg/m2) 24.6 (3.5) 23.6 (3.4) 24.0 (3.4) 24.2 (3.4) 24.6 (3.4) 24.2 (3.4)

Waist circumference (cm) 82.5 (10.3) 79.3 (9.9) 80.3 (10.1) 80.9 (10.0) 82.3 (10.1) 81.0 (10.1)

Years of owning a refrigerator (years) 15.0 (11.0) 5.0 (14.0) 8.0 (15.0) 8.0 (15.0) 10.0 (13.0) 10.0 (15.0)

MET-h/d – metabolic equivalent task hours per day, BMI – body mass index
*The regions mainly consuming salted vegetables included Qingdao, Harbin, Suzhou, and Zhejiang. For continuous variables, BMI and waist circum-
ference were described as mean (standard deviation), and others were described as median (interquartile range). Categorical variables were described 
as percentages.

Table 2. Baseline characteristics of participants in the regions mainly consuming sour pickled vegetables (n = 105 372)*

Characteristics Frequency of preserved vegetable consumption
Never Monthly 1–3 day/week 4–6 day/week Daily Overall

Number of participants 10 621 16 575 44 886 16 134 17 156 105 372

Usual preserved vegetable consumption (g/d) 3.9 (1.3) 7.5 (4.0) 15.0 (5.1) 23.0 (2.6) 29.5 (5.5) 15.0 (12.6)

Age (years) 53.7 (18.9) 49.8 (16.9) 49.4 (16.8) 50.8 (17.0) 50.6 (16.2) 50.4 (17.0)

Females (%) 62.4 62.0 61.3 63.8 59.1 61.5

Education ≥ middle school (%) 30.0 33.3 30.6 25.6 35.7 31.0

Household income ≥20 000 yuan/y (%) 7.5 6.2 4.5 4.3 9.1 5.8

Family history of cancer (%) 11.3 10.8 10.2 11.1 14.3 11.2

Ever smokers in males (%) 87.0 87.4 87.1 88.7 90.0 87.9

Ever smokers in females (%) 21.4 11.1 7.7 8.6 18.1 11.4

Weekly alcohol consumption in males (%) 31.9 25.6 23.3 23.2 55.7 30.1

Weekly alcohol consumption in females (%) 4.3 2.5 2.2 2.4 7.7 3.4

Regular consumption of foods (%)

Fresh vegetable (daily) 96.1 86.0 82.3 78.3 97.1 86.1

Fresh fruit (>four days/week) 21.2 16.5 16.6 19.6 27.9 19.3

Meat (>four days/week) 37.2 27.4 24.4 25.5 49.8 30.5

Spicy food (daily) 53.9 54.7 54.0 55.5 74.4 57.6

Total physical activity (MET-h/d) 20.2 (16.1) 23.8 (16.0) 26.1 (16.3) 26.3 (16.9) 20.8 (16.0) 24.4 (16.8)

BMI (kg/m2) 22.9 (3.2) 23.0 (3.2) 23.0 (3.2) 23.0 (3.2) 23.3 (3.2) 23.0 (3.2)

Waist circumference (cm) 77.7 (9.2) 78.7 (9.2) 79.3 (9.3) 79.3 (9.2) 78.5 (9.1) 78.9 (9.2)

Years of owning a refrigerator (years) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (1.0) 0.0 (0.0)

MET-h/d – metabolic equivalent task hours per day, BMI – body mass index
*The regions mainly consuming sour pickled vegetables included Sichuan and Gansu. For continuous variables, BMI and waist circumference were 
described as mean (standard deviation), and others were described as median (interquartile range). Categorical variables were described as percentages.
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Table 3. Adjusted hazard ratios for gastrointestinal tract cancers associated with preserved vegetable consumption in the regions mainly 
consuming salted vegetables (n = 202 927)*

Types of cancer Frequency of preserved vegetable consumption P for trend
Never Monthly 1–3 day/week 4–6 day/week Daily

Oesophageal cancer

Case (incidence rate) 59 (19.8) 109 (19.4) 133 (20.6) 43 (22.7) 219 (30.9)
Model 1 1.00 1.05 (0.75–1.47) 1.03 (0.75–1.42) 1.00 (0.67–1.49) 1.06 (0.79–1.42) 0.792
Model 2 1.00 1.07 (0.76–1.51) 1.08 (0.78–1.49) 1.05 (0.70–1.57) 1.05 (0.78–1.41) 0.930
Stomach cancer

Case (incidence rate) 220 (74.0) 337 (60.1) 466 (72.1) 148 (78.3) 810 (114.5)
Model 1 1.00 1.06 (0.89–1.27) 1.13 (0.96–1.33) 1.06 (0.85–1.31) 1.19 (1.02–1.39) 0.019
Model 2 1.00 1.05 (0.88–1.26) 1.14 (0.96–1.34) 1.06 (0.86–1.32) 1.17 (1.00–1.37) 0.039
Colorectal cancer

Case (incidence rate) 287 (96.6) 421 (75.2) 467 (72.3) 154 (81.5) 659 (93.2)
Model 1 1.00 0.97 (0.83–1.14) 0.92 (0.79–1.07) 1.00 (0.82–1.23) 0.99 (0.86–1.15) 0.877
Model 2 1.00 0.98 (0.84–1.16) 0.93 (0.80–1.09) 1.02 (0.83–1.25) 0.99 (0.85–1.14) 0.970
Gastrointestinal tract cancers†

Case (incidence rate) 541 (182.6) 839 (150.0) 1023 (158.8) 322 (170.9) 1604 (227.6)
Model 1 1.00 1.02 (0.91–1.15) 1.02 (0.91–1.13) 1.00 (0.87–1.15) 1.09 (0.98–1.20) 0.073
Model 2 1.00 1.03 (0.91–1.15) 1.03 (0.93–1.15) 1.02 (0.88–1.17) 1.08 (0.97–1.19) 0.145

*The regions mainly consuming salted vegetables included Qingdao, Harbin, Suzhou, and Zhejiang. Incidence rate was expressed as No./100 000 per-
son-years. Model one stratified by age-at-risk (five-year bands), sex, and survey areas, and adjusted for education level, annual household income, and 
family history of cancers. Model two further adjusted for tobacco smoking, alcohol drinking, physical activity, BMI, waist circumference, and dietary 
factors (consumption of fresh vegetables, fresh fruits, meat, and spicy food).
†This endpoint is the first incident gastrointestinal tract cancer (which could be either oesophageal, stomach, or colorectal cancer).

cancer in the regions mainly consuming sour pickled vegetables. For other site-specific GI cancers, there 
were no clear associations with preserved vegetable consumption in the regions mainly consuming sour 
pickled vegetables (Table 4, Table S3 in the Online Supplementary Document).

Subgroup analyses were conducted for oesophageal and stomach cancer (Tables S4–S7 in the Online 
Supplementary Document). All subgroups yielded insignificant multiplicative interactions by the likeli-
hood ratio tests (P for interaction > 0.05).

The associations did not substantially change in the various sensitivity analyses with further exclusions and 
adjustments (Table S8, Table S9 in the Online Supplementary Document).

Table 4. Adjusted hazard ratios for gastrointestinal tract cancers associated with preserved vegetable consumption in the regions mainly 
consuming sour pickled vegetables (n = 105 372)*

Types of cancer Frequency of preserved vegetable consumption P for trend
Never Monthly 1–3 day/week 4–6 day/week Daily

Oesophageal cancer

Case (incidence rate) 71 (58.5) 75 (38.4) 196 (37.8) 83 (44.5) 178 (85.6)
Model 1 1.00 0.99 (0.71–1.38) 1.04 (0.78–1.38) 1.17 (0.84–1.62) 1.58 (1.20–2.09) <0.001
Model 2 1.00 1.02 (0.73–1.42) 1.07 (0.80–1.42) 1.14 (0.82–1.58) 1.35 (1.02–1.80) 0.013
Stomach cancer

Case (incidence rate) 121 (99.8) 136 (69.6) 391 (75.5) 155 (83.0) 150 (72.2)
Model 1 1.00 0.79 (0.62–1.02) 0.84 (0.67–1.04) 0.84 (0.66–1.08) 0.87 (0.68–1.11) 0.561
Model 2 1.00 0.80 (0.62–1.03) 0.86 (0.69–1.07) 0.86 (0.66–1.10) 0.91 (0.71–1.16) 0.771
Colorectal cancer

Case (incidence rate) 58 (47.8) 92 (47.1) 207 (40.0) 74 (39.6) 115 (55.3)
Model 1 1.00 1.47 (1.05–2.05) 1.39 (1.03–1.88) 1.33 (0.93–1.89) 1.34 (0.97–1.84) 0.311
Model 2 1.00 1.53 (1.09–2.14) 1.45 (1.07–1.97) 1.35 (0.95–1.94) 1.37 (0.99–1.89) 0.292
Gastrointestinal tract cancers†

Case (incidence rate) 238 (196.5) 291 (149.1) 767 (148.3) 304 (163.1) 419 (202.1)
Model 1 1.00 1.01 (0.85–1.21) 1.04 (0.89–1.21) 1.07 (0.90–1.28) 1.18 (1.01–1.39) 0.019
Model 2 1.00 1.04 (0.87–1.24) 1.07 (0.92–1.25) 1.07 (0.90–1.28) 1.16 (0.98–1.36) 0.072

*The regions mainly consuming sour pickled vegetables included Sichuan and Gansu. Incidence rate was expressed as No./100 000 person-years. Model 
one stratified by age-at-risk (five-year bands), sex, and survey areas, and adjusted for education level, annual household income, and family history of 
cancers. Model two further adjusted for tobacco smoking, alcohol drinking, physical activity, BMI, waist circumference, and dietary factors (consump-
tion of fresh vegetables, fresh fruits, meat, and spicy food).
†This endpoint is the first incident gastrointestinal tract cancer (which could be either oesophageal, stomach, or colorectal cancer).
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DISCUSSION
Based on the largest Chinese prospective cohort study, we collected preserved vegetable consumption infor-
mation across geographically diverse regions. We found that daily consumption of salted vegetables was asso-
ciated with 17% higher stomach cancer morbidity, and daily consumption of sour pickled vegetables was 
associated with a 35% increased risk of oesophageal cancer. Moreover, the above associations were indepen-
dent of most known risk factors, such as tobacco smoking and alcohol drinking.

The present study revealed a significant positive association between salted vegetable consumption and stom-
ach cancer, but not with sour pickled vegetable consumption. A hospital-based case-control study with a small 
sample in Yanting County, an area with a high incidence of stomach cancer, demonstrated that participants 
who consumed >227 g/week of salted vegetables had a 2.09 times higher risk of stomach cancer than never 
consumers, which was similar to our results. Nevertheless, the study also observed the positive association 
of weekly consuming sour pickled vegetables [15]. The Linxian general population trial cohort [9], by far the 
only cohort study conducted in an area traditionally consuming sour pickled vegetables [16], examined the 
association between preserved vegetables and stomach cancer risk in the general population of China. The 
study followed up adults aged 40–69 from 1984 to 2001 and found no statistically significant association 
between sour pickled vegetable consumption and stomach cancer, in line with our results [9]. Further vali-
dation of our study findings is warranted.

Meanwhile, our study revealed that sour pickled vegetable consumption was positively associated with 
oesophageal cancer, but not in the regions mainly consuming salted vegetables. A meta-analysis of case-con-
trol studies conducted in China found that both sour pickled vegetables (three studies) and salted vegetables 
(eight studies) were associated with an increased risk of oesophageal cancer [17]. Nevertheless, it is notewor-
thy that the heterogeneity among the eight studies of salted vegetables was significant. The Linxian cohort 
studies also researched the association between sour pickled vegetables and oesophageal cancer, and reported 
insignificant association after the adjustment for age and sex [9,10].

In the present study, we did not observe the associations of preserved vegetables with colorectal cancer. 
Previous studies reported a positive association of red meat and colorectal cancer, while inverse associa-
tions were observed between foods such as whole grains and colorectal cancer [18]. But limited evidence was 
established about the association between preserved vegetables and colorectal cancer. Two prospective stud-
ies among Japanese on colorectal cancer reported inconsistent results [19,20]. A cross-sectional study among 
Chinese reported a positive association between preserved vegetable consumption and colorectal polyp, a 
major risk factor for colorectal cancer [21]. However, our results did not support the association between 
preserved vegetables and colorectal cancer. The relatively less cases might partially explain the insignificant 
associations.

In summary, we observed a stronger association of sour pickled vegetable consumption with total GI can-
cers than salted vegetable consumption, and different types of preserved vegetable consumption were asso-
ciated with different sites of GI cancers. Our findings suggested that different types of preserved vegetables 
influence the risks of total GI cancers and each site-specific GI cancer. Therefore, future studies on preserved 
vegetable consumption should be recommended to use more precise dietary measurements and collect spe-
cific cancer types.

Several mechanisms could link preserved vegetables and GI cancers. First, N-nitroso compounds, a well-doc-
umented carcinogen, were generated from the dietary nitrates and nitrites in green leafy and root vegetables 
by reacting with amines, amides, and other nitrosation precursors in the gastrointestinal tract [22]. N-nitroso 
compounds can damage the gastrointestinal barrier, promote cell proliferation, and increase DNA replica-
tion errors. Except for N-nitroso compounds, microorganisms in sour pickled vegetables could also produce 
potential carcinogens, such as Roussin red methyl ester and mycotoxins [23]. Second, the high salt concen-
tration in salted vegetables may also play an essential role in developing stomach cancer [24,25]. Salt may 
directly cause inflammation to the gastric mucosa [26] and reduce gastric acid secretion, which could inhibit 
the synthesis of prostaglandin E, a protective substance in the gastric mucosa [27]. Additionally, salt may 
up-regulate the expression of the cytotoxin associated gene A (cagA) of Helicobacter pylori, a carcinogenic pro-
tein associated with gastric cancer [28].

In this large prospective study with more than 10-year follow-up, we examined the association between dif-
ferent types of preserved vegetable consumption and the risk of GI cancers. In addition, we utilised the repeat 
measurement of preserved vegetable consumption to correct the regression dilution bias. However, several 
limitations exist. First, we estimated the type of preserved vegetables based on the second resurvey, which 
may not accurately describe the intake for each participant, especially for those who consumed both types. 



Yu et al. 
PA

PE
R

S

2024  •  Vol. 14  •  04191	 8	 www.jogh.org • doi: 10.7189/jogh.14.04191

Acknowledgements: The most important acknowledgment is to the participants in the study and the members of the 
survey teams in each of the 10 regional centres, as well as to the project development and management teams based at 
Beijing, Oxford and the 10 regional centres.

Ethics statement: The CKB study was approved by the Ethics Review Committee of the Chinese Centre for Disease 
Control and Prevention (Beijing, China, 005/2004) and the Oxford Tropical Research Ethics Committee, University of 
Oxford (Cambridge, United Kingdom, 025-04). All participants provided written informed consent in the CKB study.

Data availability: The China Kadoorie Biobank (CKB) is a global resource for investigating lifestyle, environmental, 
blood biochemical, and genetic factors as determinants of common diseases. The CKB study group is committed to mak-
ing the cohort data available to the scientific community in China, the UK, and worldwide to advance knowledge about 
disease causes, prevention, and treatment. For detailed information on what data is currently available to open-access 
users and how to apply for it, visit: https://www.ckbiobank.org/data-access. Researchers interested in obtaining the raw 
data from the CKB study that underlines this paper should contact ckbaccess@ndph.ox.ac.uk. A research proposal will 
be requested to ensure that any analysis is performed by bona fide researchers and - where data is not currently avail-
able to open-access researchers - is restricted to the topic covered in this paper.

Funding: This work was supported by National Natural Science Foundation of China (82192901, 82192904, 82192900, 
81973125). The CKB baseline survey and the first resurvey were supported by a grant from the Kadoorie Charitable 
Foundation in Hong Kong. The long-term follow-up is supported by grants from the UK Wellcome Trust (212946/Z/18/Z, 
202922/Z/16/Z, 104085/Z/14/Z, 088158/Z/09/Z), grants (2016YFC0900500) from the National Key R&D Programme 
of China, National Natural Science Foundation of China (81390540, 91846303, 81941018), and Chinese Ministry of 
Science and Technology (2011BAI09B01). The funders had no role in the study design, data collection, data analysis 
and interpretation, writing of the report, or the decision to submit the article for publication.

Authorship contributions: CQY conceptualised and designed the paper; LML, ZMC, and JSC, as members of the CKB 
steering committee, designed and supervised the conduct of the whole study, obtained funding, and together with JL, 
DJYS, PP, LY, YPC, HDD, KXX, XMY, and RS acquired the data. WY and YLK analysed the data and drafted the man-
uscript. All authors contributed to and approved the final manuscript. CQY is the study guarantor.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the 
corresponding author) and disclose no relevant interests.

Additional material
Online Supplementary Document

1 �World Health Organisation. International agency for research on cancer. Global Cancer Observatory: Cancer today. 2020. 
Available: https://gco.iarc.fr/today/fact-sheets-cancers. Accessed: 5 July 2024.

2 �Zheng R, Zhang S, Zeng H, Wang S, Sun K, Chen R, et al. Cancer Incidence and Mortality in China, 2016. J Natl Cancer Cent. 
2022;2:1–9. Medline:39035212 doi:10.1016/j.jncc.2022.02.002

3 �Arnold M, Ferlay J, van Berge Henegouwen MI, Soerjomataram I. Global Burden of Oesophageal and Gastric Cancer by Histology 
And Subsite In 2018. Gut. 2020;69:1564–71. Medline:32606208 doi:10.1136/gutjnl-2020-321600

4 �Yoo JY, Cho HJ, Moon S, Choi J, Lee S, Ahn C, et al. Pickled Vegetable and Salted Fish Intake and the Risk of Gastric Cancer: Two 
Prospective Cohort Studies and a Meta-Analysis. Cancers (Basel). 2020;12:996. Medline:32316595 doi:10.3390/cancers12040996

RE
FE

RE
N

C
E

S

However, few participants frequently consumed salted and sour pickled vegetables (4.1% for the regions 
mainly consuming salted vegetables, and 2.0% for the regions mainly consuming sour pickled vegetables). 
Second, we did not collect detailed information on the preservation process, such as ingredients and duration 
of preservation. Third, we did not adjust for total energy intake in the multivariate model due to the lack of 
information on the amount of consumption at baseline. However, BMI and waist circumference in the model 
can partially represent the level of energy intake. We also estimated daily energy intake using data from the 
resurvey and made additional adjustments in sensitivity analyses, which did not substantially change the 
results. Fourthly, although we adjusted for multiple potential confounding factors in the main and sensitivity 
analyses, residual confounding, such as the intake of other preserved foods, cannot be ruled out completely.

CONCLUSIONS
Among Chinese adults, salted vegetable consumption was associated with a higher risk of stomach cancer, 
and sour pickled vegetable consumption was associated with a higher risk of oesophageal cancer. Our find-
ings suggested that different types of preserved vegetables might have different effects on site-specific GI 
cancers, and controlling the intake of preserved vegetables might be beneficial for reducing the risk of GI 
cancers. Further research is needed to confirm the associations and potential mechanisms between differ-
ent types of preserved vegetables and GI cancers.

https://jogh.org/documents/2024/jogh-14-04191-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/39035212
https://doi.org/10.1016/j.jncc.2022.02.002
https://pubmed.ncbi.nlm.nih.gov/32606208
https://doi.org/10.1136/gutjnl-2020-321600
https://pubmed.ncbi.nlm.nih.gov/32316595
https://doi.org/10.3390/cancers12040996


Preserved vegetables and gastrointestinal tract cancers

PA
PE

R
S

www.jogh.org • doi: 10.7189/jogh.14.04191	 9	 2024  •  Vol. 14  •  04191

  5 �Ren JS, Kamangar F, Forman D, Islami F. Pickled Food and Risk of Gastric Cancer—a Systematic Review and Meta-
analysis of English and Chinese Literature. Cancer Epidemiol Biomarkers Prev. 2012;21:905–15. Medline:22499775 
doi:10.1158/1055-9965.EPI-12-0202

  6 �Park KY, Jeong JK, Lee YE, Daily JW III. Health Benefits of Kimchi (Korean Fermented Vegetables) as a Probiotic Food. J 
Med Food. 2014;17:6–20. Medline:24456350 doi:10.1089/jmf.2013.3083

  7 �Iguchi H. Microbial Characterization of the Japanese Traditional Pickle Senmaizuke Produced by Two Different 
Manufacturing Processes. Food Sci Nutr. 2021;9:4452–60. Medline:34401093 doi:10.1002/fsn3.2419

  8 �Islami F, Ren J, Taylor PR, Kamangar F. Pickled Vegetables and the Risk of Oesophageal Cancer: a Meta-analysis. Br J 
Cancer. 2009;101:1641–7. Medline:19862003 doi:10.1038/sj.bjc.6605372

  9 �Tran GD, Sun X, Abnet CC, Fan J, Dawsey SM, Dong Z, et al. Prospective Study of Risk Factors for Esophageal and Gastric 
Cancers in the Linxian General Population Trial Cohort in China. Int J Cancer. 2005;113:456–63. Medline:15455378 
doi:10.1002/ijc.20616

10 �Yu Y, Taylor PR, Li J, Dawsey SM, Wang G, Guo W, et al. Retrospective Cohort Study of Risk-factors for Esophageal Cancer in 
Linxian, People’s Republic of China. Cancer Causes Control. 1993;4:195–202. Medline:8318635 doi:10.1007/BF00051313

11 �Chen Z, Lee L, Chen J, Collins R, Wu F, Guo Y, et al. Cohort Profile: The Kadoorie Study of Chronic Disease in China 
(KSCDC). Int J Epidemiol. 2005;34:1243–9. Medline:16131516 doi:10.1093/ije/dyi174

12 �Chen Z, Chen J, Collins R, Guo Y, Peto R, Wu F, et al. China Kadoorie Biobank of 0.5 Million People: Survey Methods, 
Baseline Characteristics and Long-term Follow-up. Int J Epidemiol. 2011;40:1652–66. Medline:22158673 doi:10.1093/
ije/dyr120

13 �Qin C, Guo Y, Pei P, Du H, Yang L, Chen Y, et al. The Relative Validity and Reproducibility of Food Frequency Questionnaires 
in the China Kadoorie Biobank Study. Nutrients. 2022;14:794. Medline:35215443 doi:10.3390/nu14040794

14 �Millwood IY, Li L, Smith M, Guo Y, Yang L, Bian Z, et al. Alcohol Consumption in 0.5 million People from 10 Diverse Regions 
of China: Prevalence, Patterns and Socio-demographic and Health-related Correlates. Int J Epidemiol. 2013;42:816–27. 
Medline:23918852 doi:10.1093/ije/dyt078

15 �Lin SH, Li YH, Leung K, Huang C, Wang XR. Salt Processed Food and Gastric Cancer in a Chinese Population. Asian Pac 
J Cancer Prev. 2014;15:5293–8. Medline:25040991 doi:10.7314/APJCP.2014.15.13.5293

16 �Li M, Tian G, Guo S, Fan W. [Study on the Role of Sour Pickled Vegetables in the Etiology of Esophageal Cancer in Linxian 
County—I. the Experiment of Sour Pickled Vegetables Inducing Cancer]. Acta Acad Med Sin. 1990;12:353–8. Chinese.

17 �Zhang X, Pei G, Xu Z, Yao W, Feng L, Lu W. [Meta-analysis on the Risk Factors of Esophageal Cancer in China]. Mod Prev 
Med. 2009;36:819-22. Chinese.

18 �Song M, Garrett WS, Chan AT. Nutrients, Foods, and Colorectal Cancer Prevention. Gastroenterology. 2015;148:1244–60.
e16. Medline:25575572 doi:10.1053/j.gastro.2014.12.035

19 �Takachi R, Inoue M, Shimazu T, Sasazuki S, Ishihara J, Sawada N, et al. Consumption of Sodium and Salted Foods in 
Relation to Cancer and Cardiovascular Disease: the Japan Public Health Center-based Prospective Study. Am J Clin Nutr. 
2010;91:456–64. Medline:20016010 doi:10.3945/ajcn.2009.28587

20 �Khan MMH, Goto R, Kobayashi K, Suzumura S, Nagata Y, Sonoda T, et al. Dietary Habits and Cancer Mortality among 
Middle Aged and Older Japanese Living in Hokkaido, Japan by Cancer Site and Sex. Asian Pac J Cancer Prev. 2004;5:58–
65. Medline:15075007

21 �Wu F, Wang B, Zhuang P, Lu Z, Li Y, Wang H, et al. Association of Preserved Vegetable Consumption and Prevalence 
of Colorectal Polyps: Results from the Lanxi Pre-colorectal Cancer Cohort (LP3C). Eur J Nutr. 2022;61:1273–84. 
Medline:34750639 doi:10.1007/s00394-021-02719-5

22 �Uddin R, Thakur MU, Uddin MZ, Islam GMR. Study of Nitrate Levels in Fruits and Vegetables to Assess the Potential 
Health Risks in Bangladesh. Sci Rep. 2021;11:4704. Medline:33633239 doi:10.1038/s41598-021-84032-z

23 �Zhang WX, Xu MS, Wang GH, Wang MY. Quantitative Analysis of Roussin Red Methyl Ester in Pickled Vegetables. Cancer 
Res. 1983;43:339–41. Medline:6847776

24 �Wu X, Chen L, Cheng J, Qian J, Fang Z, Wu J. Effect of Dietary Salt Intake on Risk of Gastric Cancer: A Systematic Review 
and Meta-Analysis of Case-Control Studies. Nutrients. 2022;14:4260. Medline:36296944 doi:10.3390/nu14204260

25 �D’Elia L, Rossi G, Ippolito R, Cappuccio FP, Strazzullo P. Habitual Salt Intake and Risk of Gastric Cancer: a Meta-analysis 
of Prospective Studies. Clin Nutr. 2012;31:489–98. Medline:22296873 doi:10.1016/j.clnu.2012.01.003

26 �Takahashi M, Hasegawa R. Enhancing Effects of Dietary Salt on Both Initiation and Promotion Stages of Rat Gastric 
Carcinogenesis. Princess Takamatsu Symp. 1985;16:169–82. Medline:3916194

27 �Wallace JL. Nonsteroidal Anti-inflammatory Drugs and the Gastrointestinal Tract. Mechanisms of Protection and 
Healing: Current Knowledge and Future Research. Am J Med. 2001;110:19S–23S. Medline:11165991 doi:10.1016/S0002-
9343(00)00631-8

28 �Raei N, Behrouz B, Zahri S, Latifi-Navid S. Helicobacter Pylori Infection and Dietary Factors Act Synergistically to Promote 
Gastric Cancer. Asian Pac J Cancer Prev. 2016;17:917–21. Medline:27039812 doi:10.7314/APJCP.2016.17.3.917

RE
FE

RE
N

C
E

S

https://pubmed.ncbi.nlm.nih.gov/22499775
https://doi.org/10.1158/1055-9965.EPI-12-0202
https://pubmed.ncbi.nlm.nih.gov/24456350
https://doi.org/10.1089/jmf.2013.3083
https://pubmed.ncbi.nlm.nih.gov/34401093
https://doi.org/10.1002/fsn3.2419
https://pubmed.ncbi.nlm.nih.gov/19862003
https://doi.org/10.1038/sj.bjc.6605372
https://pubmed.ncbi.nlm.nih.gov/15455378
https://doi.org/10.1002/ijc.20616
https://pubmed.ncbi.nlm.nih.gov/8318635
https://doi.org/10.1007/BF00051313
https://pubmed.ncbi.nlm.nih.gov/16131516
https://doi.org/10.1093/ije/dyi174
https://pubmed.ncbi.nlm.nih.gov/22158673
https://doi.org/10.1093/ije/dyr120
https://doi.org/10.1093/ije/dyr120
https://pubmed.ncbi.nlm.nih.gov/35215443
https://doi.org/10.3390/nu14040794
https://pubmed.ncbi.nlm.nih.gov/23918852
https://pubmed.ncbi.nlm.nih.gov/23918852
https://doi.org/10.1093/ije/dyt078
https://pubmed.ncbi.nlm.nih.gov/25040991
https://doi.org/10.7314/APJCP.2014.15.13.5293
https://pubmed.ncbi.nlm.nih.gov/25575572
https://doi.org/10.1053/j.gastro.2014.12.035
https://pubmed.ncbi.nlm.nih.gov/20016010
https://doi.org/10.3945/ajcn.2009.28587
https://pubmed.ncbi.nlm.nih.gov/15075007
https://pubmed.ncbi.nlm.nih.gov/34750639
https://pubmed.ncbi.nlm.nih.gov/34750639
https://doi.org/10.1007/s00394-021-02719-5
https://pubmed.ncbi.nlm.nih.gov/33633239
https://doi.org/10.1038/s41598-021-84032-z
https://pubmed.ncbi.nlm.nih.gov/6847776
https://pubmed.ncbi.nlm.nih.gov/36296944
https://doi.org/10.3390/nu14204260
https://pubmed.ncbi.nlm.nih.gov/22296873
https://doi.org/10.1016/j.clnu.2012.01.003
https://pubmed.ncbi.nlm.nih.gov/3916194
https://pubmed.ncbi.nlm.nih.gov/11165991
https://doi.org/10.1016/S0002-9343(00)00631-8
https://doi.org/10.1016/S0002-9343(00)00631-8
https://pubmed.ncbi.nlm.nih.gov/27039812
https://doi.org/10.7314/APJCP.2016.17.3.917

