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Objectives: Dietary factors are of importance in the development of stomach cancer. This 

study aims to examine index-based dietary patterns associated with stomach cancer in a Chinese 

population.

Methods: Using data from a population-based case-control study conducted in Jiangsu Province, 

China, we included a total of 8,432 participants (1,900 stomach cancer cases and 6,532 controls). 

Dietary data collected by food frequency questionnaire was evaluated by modified Chinese 

Healthy Eating Index-2016 (mCHEI-2016) and the US Healthy Eating Index-2015 (HEI-2015). 

Multiple logistic regression analyses were applied to examine the association of mCHEI-2016 

and HEI-2015 with stomach cancer while adjusting for potential confounders. The possible 

interactions between mCHEI-2016 or HEI-2015 and established risk factors were explored.

Results: Among non-proxy interviews, after adjusting for potential confounding factors, a higher 

score of sodium, reflecting lower intake per day, was inversely associated with stomach cancer 

(Odds Ratio [OR]= 0.95; 95% CI, 0.91–0.99 for mCHEI-2016; OR= 0.97; 95%CI, 0.94–0.99 for 

HEI-2015). No clear associations with stomach cancer were identified for total scores of HEI-2015 

(OR= 0.98; 95% CI, 0.87–1.10 with a 10-point increase, p-trend = 0.98) and mCHEI-2016 (OR= 

1.05; 95% CI, 0.94–1.17 with a 10-point increase, p-trend =0.22). However, the relation between 

stomach cancer and the mCHEI-2016 was modified by body mass index, with a possible inverse 

association in normal weight subjects.

Conclusions: Our findings highlight that reduced intake of dietary sodium would prevent the 

development of stomach cancer. The data indicate a heterogeneity between normal weight and 

overweight’s dietary factors in relation to stomach cancer.

Keywords
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Introduction

Globally, stomach cancer remains the fifth most common cancer and the third most deadly 

cancer (Bray et al., 2018). In China, stomach cancer is the second most common and the 

second most deadly cancer with a poor prognosis (Chen et al., 2016; Allemani et al., 2018). 

Epidemiological studies have suggested that stomach cancer is stemmed from a combination 

of environmental factors and the accumulation of somatic alterations (Milne et al., 2009). 

Different environmental factors are involved in the development of stomach cancer, mainly 

Helicobacter (H.) pylori infection (Plummer et al., 2015), plus tobacco smoking (Praud et 
al., 2018), alcohol consumption (Rota et al., 2017), and dietary factors (Fang et al., 2015).

Fruit and vegetables with rich folates, vitamins, and fiber appear to lower the risk of stomach 

cancer, while intake of salt is associated with increased risk of stomach cancer (D ’elia et 
al., 2012; Fang et al., 2015; Wang et al., 2017). Other foods, such as meats, are associated 

with a high risk of stomach cancer in some populations, but the results are inconsistent 

(González et al., 2006; Fang et al., 2015). It is difficult to distinguish the individual effect of 

specific food or nutrients due to the combination of food consumption and the interaction of 

various food or nutrients in daily life (Hu, 2002). Index-based dietary patterns, calculating 
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scores based on the fact that foods are eaten in combination, may provide insight into the 

association between dietary factors and stomach cancer.

Index-based dietary patterns have been associated with several cancers, such as breast 

(Sedaghat et al., 2018), colorectal ( Nguyen et al., 2020), esophageal cancer (Li et al., 2013), 

liver cancer (Ma et al., 2019), and lung cancer (Anic et al., 2016). However, few studies have 

investigated the association of index-based dietary patterns with stomach cancer, particularly 

in the Chinese population. Besides, most recent research has focused on the relationships 

between Mediterranean diet (MED) and stomach cancer (Stojanovic et al., 2017; Castelló et 
al., 2018; Schulpen et al., 2019). However, because Chinese dietary patterns are different 

from MED, the finding between MED and stomach cancer cannot be generalized to 

the Chinese population. For this reason, in the present study, we aimed to examine the 

potential associations of two newest recommendation-based dietary indexes, the modified 

Chinese Healthy Eating Index-2016 (mCHEI-2016) and the US Healthy Eating Index-2015 

(HEI-2015), with stomach cancer in a large Chinese case-control study conducted in Jiangsu 

Province, China.

Methods

Study population

We obtained study population from a population-based case-control study, which was 

conducted from January 2003 to December 2010 in 4 counties in Jiangsu Province, China. 

Details of the study are available elsewhere (Zhao et al., 2017). In brief, cases were 2,216 

newly diagnosed patients with primary stomach cancer. Cases and controls were originally 

matched based on age (± five years), gender, and residence. However, we pooled all controls 

together for all four types of cancers (lung, esophageal, stomach, liver cancer) to increase 

the sample size of the control group. Controls were 8,019 randomly chosen residents with 

no history of cancer diagnosis and stable medical condition. Both cases and controls were 

18 years or older, residents of the respective county for at least five years before diagnosis 

or interview date. A total of 316 cases and 1,487 controls were excluded due to incomplete 

food frequency questionnaires (FFQs), total energy intake was less than 500 or more than 

5,000 calories per day, and/or complete food items were less than four. We included 1,900 

cases and 6,532 controls in this analysis after applying the exclusion criteria. Among them, 

data from 573 cases and 467 controls were obtained in proxy interviews.

The study was approved by both Jiangsu Center for Disease Control and Prevention (CDC) 

and UCLA institutional review boards. Written informed consent was obtained from all 

participants before the epidemiologic data and biological specimen was collected.

Dietary assessment

To capture dietary patterns, we asked participants to report their general dietary history one 

year before the diagnosis or the interview date based on a 90-item FFQ (Zhu et al., 2019). 

Each food item’s frequency was recorded on a daily, weekly, monthly, and yearly basis. 

Each food item’s frequency was converted daily and multiplied by predefined portion size to 

get the average daily gram intake of each food item. Then, we obtained energy and nutrient 
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contents per 100 grams of a matched food item or a list of the food item from the China 

Food Composition (CFC) Tables 2010 (Institute of Nutrition and Food Safety 2010). For 

two food items that could not be identified with the CFC tables, corresponding energy and 

nutrient contents per 100 grams were obtained from the Tables of Food Composition in 

Japan-2015 and the U.S. Department of Agriculture (USDA) National Nutrient Database for 

Standard Reference, Release 28, 2015. Lastly, the average daily intake of energy or nutrient 

contents for each participant was calculated by multiplying each food item’s daily gram 

intake by corresponding energy or nutrient contents and summing up all the values.

Dietary recommendation adherence score

The original Chinese Healthy Eating Index (CHEI) was designed to assess the adherence to 

the 2016 Dietary Guidelines for the Chinese (Yang et al., 2018). Daily food and nutrients 

intakes were transformed into standard portions (SP) on a density basis (per 1,000 kcal) 

except for added sugars, cooking oil, and alcohol (Yuan et al., 2017). Given that the amount 

of cooking oil was not collected in our questionnaire, we modified CHEI by including 

dietary fat instead of cooking oil. The components include 12 adequacy components with a 

higher intake indicating a higher score, and five limitation components (Red meat, sodium, 

added sugars, alcohol, and fat) with a higher intake representing a lower score. There were 

standards for each component’s minimum point as zero and maximum points (5 or 10). 

Intermediate intakes were scored proportionately between zero and maximum. The total 

score with all 17 components ranged from 0 to 100, with a higher score indicating better 

adherence to the dietary guideline.

The United States Healthy Eating Index (HEI)-2015 was designed to align with the 

2015–2020 Dietary Guidelines for Americans (U.S. Department of Health and Human 

Services and U.S. Department of Agriculture, 2015). The HEI-2015 included nine adequacy 

components (foods to eat enough) and four limitation components (foods to limit: refined 

grains, sodium, added sugars, and saturated fats). Each of the components was scored on 

a density basis out of 1,000 kcal, except for fatty acids, added sugars, and saturated fats. 

The total score was between 0 (nonadherence) and 100 (optimal adherence). Details of 

components and scoring of mCHEI-2016 and HEI-2015 were listed in Table 1.

Covariates

All participants provided detailed demographic information, health behaviors, and family 

history of cancer. Pack-years of tobacco smoking were calculated by multiplying the 

number of packs of cigarettes smoked per day by the years of smoking. The body weight 

and height of participants were measured at the interview time following the standard 

protocol. Body mass index (BMI) was calculated as weight (kg) divided by height squared 

(m2). Non-fasting peripheral blood samples (5–8ml) were collected after the time of the 

interview. Anti-H. pylori antibody immunoglobulin G (anti-H. pylori Ab IgG) was measured 

using enzyme-linked immunosorbent assays (ELISA) using kits from Beier Bioengineering 

(Beijing, China).
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Statistical analysis

We first performed t-tests for continuous variables and chi-square tests for categorical 

variables among proxy and non-proxy interviews, respectively. If the continuous variable 

distribution in the controls was not normal, the Mann-Whitney test was applied. Considering 

potential measurement errors of dietary factors among proxy interviews, we did the 

following analysis among non-proxy interviews. The association between each component’s 

corresponding score in mCHEI-2016 or HEI-2015 and stomach cancer was calculated. 

Multiple unconditional logistic regression was applied to calculate odds ratios (ORs) and 

their 95% confidence intervals (CIs), adjusting for potential confounding factors, including 

age (years), gender (male vs. female), county site, total energy intake (kcal/day) in model 

1, and additionally for educational attainment (illiterate, primary, middle, high school or 

above), income ten years ago (yuan/year), H. pylori infection (yes vs. no), family history of 

stomach cancer (yes vs. no), tobacco smoking (yes or no and pack-years), and BMI (kg/m2) 

in model 2. The categorical (quartiles) and continuous (per 10-point increase) analyses were 

carried out to estimate the associations of total scores in mCHEI-2016 or HEI-2015 with 

stomach cancer. Analyses were performed stratified by gender, tobacco smoking, H. pylori 
infection, family history of stomach cancer, and BMI. Interaction effects were assessed by 

including the product of each effect modifier and the score of either of two dietary indexes 

(per 10-point increase) along with their corresponding individual variables, and potential 

confounding factors in model 2 to explore the potential effect modification on stomach 

cancer. Statistical tests were performed using SAS 9.4, and a two-sided p-value < 0.05 was 

used.

Results

The characteristics of stomach cancer cases and the controls among proxy and non-proxy 

interviews are presented in Table 2. Compared to the controls, a high proportion of stomach 

cancer cases were less educated and had lower income. The daily energy intake was higher, 

and BMI was lower in stomach cancer cases. Pack-years of tobacco smoking, the proportion 

of family history of stomach cancer, and H. pylori infection were higher in the stomach 

cancer cases than in the controls. The daily intakes of individual food components in 

mCHEI-2016 for stomach cancer cases and controls and specific ORs among proxy and 

non-proxy interviews are presented in Supplemental Table 1.

Table 3 summarizes the adjusted ORs for the associations of stomach cancer with each 

component’s score as continuous variables in the mCHEI-2016 and HEI-2015 among non­

proxy interviews. A higher sodium score, reflecting lower intake per day, was inversely 

associated with stomach cancer in both mCHEI-2016 and HEI-2015 (OR=0.95; 95%CI, 

0.91–0.99 for mCHEI-2016; OR=0.97; 95%CI, 0.94–0.99 for HEI-2015) in mode 2. In 

mCHEI-2016, higher scores of tubers and alcohol, reflecting higher intake of tubers but 

lower intake of alcohol, were negatively associated with stomach cancer in model 1, while 

higher scores of whole grains and mixed beans and eggs, indicating higher intakes of 

both, were positively associated with stomach cancer in model 2. Supplemental Table 2 

summarizes the associations among proxy interviews and total population.

Zhu et al. Page 5

Eur J Cancer Prev. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Table 4 shows the relationships between stomach cancer and the total scores of 

mCHEI-2016 and HEI-2015. After adjustment for most risk factors, there were null 

associations for HEI-2015 (p-trend = 0.98; OR=0.98; 95% CI, 0.87–1.10 with a 10-point 

increase) and mCHEI-2016 (p-trend =0.22; OR=1.05; 95% CI, 0.94–1.17 with a 10-point 

increase) in relation to stomach cancer. However, our data (Table 5) suggest that the 

relationship between stomach cancer and index-based dietary patterns were modified by 

BMI, with a possible inverse association in normal weight subjects (p for interaction= 0.02 

for mCHEI-2016).

Discussion

In this large Chinese population-based case-control study, there was no clear association of 

total scores of mCHEI-2016 and HEI-2015 with stomach cancer, consistent with a study 

in the United States (Li et al., 2013). Our finding from individual food components points 

out that better adherence to mCHEI-2016 and HEI-2015 on dietary sodium component was 

inversely associated with the odds of stomach cancer. It is also worth noting that BMI 

modified the associations of mCHEI-2016 and stomach cancer.

Few studies have so far investigated the relationship between dietary adherence and stomach 

cancer, generating inconsistent results. Whereas cohort and case-control studies found that 

MED adherence was associated with a significant reduction in stomach cancer risk (Jakszyn 

et al., 2010; Schulpen et al., 2019) or with reduced odds of stomach cancer (Praud et al., 
2014; Stojanovic et al., 2017; Castelló et al., 2018), the National Institutes of Health-AARP 

Diet and Health (NIH-AARP) study found that HEI-2005 and alternate MED scores were 

not significantly associated with the risk of stomach cancer (Highest vs. lowest quintile: 

HR= 0.92; 95%CI, 0.67–1.27 for cardia; HR=0.88; 95%CI: 0.65–1.20 for non-cardia) (Li et 
al., 2013).

A possible reason for our null associations was that mCHEI-2016 and HEI-2015 were not 

explicitly designed to assess stomach cancer risk. Some components in these dietary indexes 

may be null or even adversely associated with stomach cancer. Furthermore, HEI-2015 was 

designed to comply with the 2015–2020 Dietary Guidelines for Americans.

Although different methods and criteria are applied to calculate the specific component 

scores in the mCHEI-2016 and HEI-2015, they both recommend a lower intake of dietary 

sodium; this study found an inverse association with stomach cancer. Previous prospective 

studies have reported that dietary salt intake was monotonically linked with an increased 

risk of stomach cancer (D ’elia et al., 2012). For sodium, the cutoff points for the 

maximum and minimum score were 1000mg (1.1g) /1000kcal and 3608mg (2.0g)/1000kcal 

in mCHEI-2016 (HEI-2015). Nevertheless, we found the means of daily sodium intake 

were 1746.5 mg/1000kcal among the non-proxy cases and 1558.4 mg/1000kcal among 

the non-proxy controls (see supplemental Table 1). Given the large number of participants 

consumed sodium higher than both dietary guidelines, sodium should be consumed within 

certain restrictions.
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Compared with HEI-2015, mCHEI-2016 was more sensitive to identify individual food 

components associated with stomach cancer in the Chinese population because it contains 

food items much more closely related to the common Chinese diet. For example, better 

adherence to mCHEI-2016 on tubers and alcohol showed inverse associations with stomach 

cancer. However, better adherence on dietary whole grains and mixed beans seems to 

increase the odds of stomach cancer. One reason for this finding may be the combination 

of grains and beans into one component, which makes it difficult to estimate the individual 

association. Better adherence on dietary eggs was also associated with the increased risk of 

stomach cancer. Of the foods most typical of the Chinese diet, eggs contain high cholesterol. 

We previously reported a dose-response association between dietary cholesterol and stomach 

cancer (Zhu et al., 2019), which might explain this relationship.

We found that the relationships between mCHEI-2016 and stomach cancer were modified 

by BMI, suggesting that adherence to Chinese dietary guidelines was more beneficial for 

individuals with normal BMI than those with higher BMI. Although this observation is 

biologically plausible, we should interpret it with caution. The height and weight were 

measured at the interview time, which might impact the effect modification of BMI because 

of collider bias. We also found that both the cases and controls with the highest quartile of 

mCHEI-2016 had the lowest proportion of tobacco smoking, alcohol drinking, and family 

history of stomach cancer (data not shown). Hence, the observed differences were probably 

due to a combined effect of various factors.

Our study extends prior knowledge by focusing on a general Chinese population to 

examine the association of the two newest dietary indexes, mCHEI-2016 and HEI-2015, 

with stomach cancer. Both dietary indexes were designed as a continuous scoring system, 

which is easy to perform statistical analyses and interpret results. The comparability of 

these two dietary indexes’ results supports our findings on the relationships between index­

based dietary patterns and stomach cancer. The large sample size allows for increasing the 

statistical power to explore possible interactions between dietary patterns and established 

risk factors. The study included many potential confounders, such as smoking, alcohol 

drinking, BMI, H. pylori infection, a family history of stomach cancer.

Information bias is inevitable in evaluating self-reported dietary information. Participants 

were asked at enrollment for their dietary habits that cases had one year before the cancer 

diagnosis and that controls had one year before the interview, leading to misclassification 

bias. Recall bias inherent to a case-control study is possible in our study. However, 

information bias might be limited in unknowing the relationship between diet and stomach 

cancer during the interview. Furthermore, we applied total energy adjustment to reduce the 

measurement error in the FFQ. Second, we used the mCHEI instead of the original index 

due to the lack of cooking oil and excluded data obtained by proxy interviews. When we 

re-calculated ORs and 95%CIs of total scores in the CHEI (without the score of dietary fat) 

associated with stomach cancer in sensitivity analyses, the results were similar to our main 

findings. Compared with non-proxy interviewers, proxy interviewers over-reported most 

of the food components in mCHEI-2016 compared to the controls, resulting in potential 

measurement errors. Also, the demographic characteristics were different between the proxy 

and non-proxy interviewers. Third, we used a complete case analysis that only included 
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participants without missing data on the variables of interest. However, we conducted 

multiple imputations of the Markov chain Monte Carlo (MCMC) method to impute each 

covariate’s values in sensitivity analyses. Estimated ORs and 95% CIs using multiple 

imputation methods were consistent with those using the complete case analysis (see 

Supplemental Table 3). In this study, we were unable to analyze data with subtypes of 

stomach cancer. Since most stomach cancer is adenocarcinoma of the distal stomach in 

this Chinese population, our results might not reflect the associations with gastric cardia 

adenocarcinoma. Lastly, residual confounding is probably existing after adjusting for many 

covariates in our study.

Conclusion

Our study highlights that reducing dietary intake of sodium appears to be one of the 

essential methods in preventing stomach cancer. Further research is needed to elucidate the 

heterogeneity between normal weight and overweight’s dietary factors in relation to stomach 

cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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