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Abstract

Edible mushrooms have high concentrations of vitamins and minerals. They are considered 

“functional foods” for their disease prevention properties. Mushroom consumption may reduce the 

risk of gastric cancer, the fifth most common cancer worldwide. We investigated the association 

between mushroom consumption and gastric cancer risk in a pooled-analysis within the Stomach 

Cancer Pooling (StoP) Project and in a meta-analysis that also included previously published 

studies. A total of 3,900 gastric cancer cases and 7,792 controls from 11 studies were included 

in the StoP analysis. Mushroom consumption was measured using food frequency questionnaires 

(FFQ). Higher mushroom consumption was associated with a lower risk of gastric cancer (relative 

risk [RR] for the highest vs. lowest consumption categories: 0.82, 95% confidence interval [CI]: 

0.71-0.95). The corresponding RRs were 0.59 (95% CI: 0.26-1.33) in a meta-analysis of 4 

previously published studies, and 0.77 for all studies combined (95% CI: 0.63-0.9, n=15 studies). 

In geographic subgroup analysis, the pooled risk in Western Pacific countries was (RR=0.59, 95% 

CI: 0.40-0.87, n=6). The stronger effect in Asian countries may reflect high level of antioxidants in 

mushroom species consumed in Asia.
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Introduction

Mushrooms are low in energy, fat, and high in fiber, essential vitamins 

(e.g., thiamin and vitamin C)(Mattila et al., 2000,Kalaras et al., 2012b), and trace 

minerals(Beelman and Royse, 2006,Jo Feeney et al., 2014a). They are considered a food that is 

part of a healthy eating pattern(Carol E O'Neil, 2013) and are enjoyed for their unique 

taste, subtle flavor, and nutritional value(Dolai et al., 2008). They are a good source of 

ergocalciferol (vitamin D2) when exposed to UV light during the growing phase and post-

harvest(Kalaras et al., 2012a,Cardwell et al., 2018) and are also sources of other under-consumed 

micronutrients including calcium and potassium(Jo Feeney et al., 2014b). Although mushrooms 

share some nutritional characteristics with plant-derived foods, they are biologically distinct 

as fungi. They are a source of specific bioactive compounds including the antioxidants 

ergothioneine (ERGO) and glutathione. Oxidative stress has been associated with the 

pathogenesis of chronic diseases, including cancers(Perše, 2013). Mushrooms have anti-cancer 

properties including reducing cellular proliferation through several mechanisms including 

reducing oxidative stress(Patel and Goyal, 2012).

One cancer type that mushroom consumption may prevent is stomach (gastric cancer). The 

incidence rate of stomach (gastric) cancer has steadily declined worldwide, yet it is still the 

fifth most commonly diagnosed cancer globally, with an estimated over 1 million new cases 

in 2020 (5.6%). Stomach cancer is the fourth leading global cause of cancer death (7.7%)

(Hamashima, 2020,Sung et al., 2021). The highest incidence rates are in East Asian countries such 

as China, Korea, and Japan(Hamashima, 2020). Infection with Helicobacter pylori (H. pylori) 
occurs in at least 95% of all gastric cancers(Wroblewski et al., 2010,Shiotani et al., 2013) and in 

more than 50% of the world’s population(Hooi et al., 2017). One of the mechanisms of H. 
pylori-induced gastric cancer is chronic oxidative stress(Butcher et al., 2017). There are few 

epidemiologic studies of mushroom consumption and stomach cancer. In Korea, a reduced 

risk of gastric cancer was found with mushroom consumption(Park et al., 1998,Kim et al., 2002). 

However, the results of other studies were inconclusive(Ko et al., 2013,Lee et al., 2019).

Given the limited research in this area, we conducted a pooled analysis within the Stomach 

Cancer Pooling (StoP) Project(Pelucchi et al., 2015) (unpublished data) and a meta-analysis 

of previously published studies. We hypothesized that higher mushroom consumption is 

associated with a lower risk of stomach cancer.

Methods

Stomach Cancer Pooling (StoP) Project

Data source and study population—The pooled analysis is based on the third database 

release of the StoP Project, which is a consortium of case-control studies (including nested 

case-control within cohort studies). The third release included 34 studies that included 
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13,121 cases and 31,420 controls. The StoP project examines the role of lifestyle factors and 

genetic variability in the etiology of gastric cancer through pooled analyses of individual-

level data. All data were collected and harmonized according to a prespecified format 

at the pooling center. The StoP Project received ethical approval from the University of 

Milan Review Board (reference 19/15 on 01/04/2015), and detailed information is described 

elsewhere(Pelucchi et al., 2015). Restrictions apply to the availability of these data, which were 

provided by the authors for this analysis and are subject to third party limitations.

For the current analyses, individual-level data from 11 studies with information on 

mushroom intake was used, including 3,900 cases and 7,792 controls, from Brazil (two 

studies)(Hamada et al., 2002,Nishimoto et al., 2002), China (two)(Mu et al., 2005,Setiawan et al., 2005), 

Greece(Lagiou et al., 2004), Italy(Buiatti et al., 1989), Japan(Machida-Montani et al., 2004) 

Mexico(López-Carrillo et al., 2003), Russia(Zaridze et al., 2000) (one study each), and Spain(two 

studies)(Santibañez et al., 2012,Castaño-Vinyals et al., 2015).

Mushroom consumption and covariate assessment—Mushroom consumption was 

measured by study-specific food frequency questionnaires (FFQ). The majority of the 

included studies reported that the FFQ used was previously validated by comparison with 

multiple 24-hr recall dietary records(Ferro et al., 2020). Each study-specific FFQ used slightly 

different categories of mushroom intake (e.g., never vs less than one per month as the lowest 

category). For pooling, mushroom consumption was categorized into 3 groups (lowest, 

middle, and highest) based on the distribution of intake within each individual study. For 

four studies the distribution of intake was bivariate and grouped into two categories.

The following covariates were included in the individual-level data analysis whenever 

available: sex (men/women), age, socioeconomic status (low, intermediate or high, as 

defined in each original study based on education, income or occupation), smoking status 

(never, former and current smokers), body mass index (BMI) categories (<24.9, 25.0–29.9, 

≥ 30 kg/m2), alcohol drinking (never, low: ≤12 g of ethanol/day, intermediate: >12–47 g of 

ethanol/day, high: >47 g of ethanol/day), vegetable and legume consumption (study-specific 

tertiles), fruit consumption (study-specific tertiles), total energy intake (tertiles), history 

of diabetes (yes/no). Dietary covariates were assessed using FFQ. The demographic and 

lifestyle covariates were evaluated by questionnaires.

Statistical analysis

Statistical analyses were performed using SAS statistical software version 9.4 (SAS 

Institute, Cary, NC, USA. Statistical tests were reported as significant at p values less than 

0.05 and were two-sided. Descriptive analysis was conducted to present the characteristics 

of the studies by case and control status. To assess the association of mushroom 

consumption with stomach cancer, multivariable unconditional logistic regression models 

were performed to generate the odds ratios (OR) and the corresponding 95% confidence 

intervals (CIs) for each study. To estimate the effect of confounding variables, we calculated 

the overall crude ORs and compared that to the risk adjusted for covariates.
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Meta-Analysis

R statistical software (R Team) using the packages “meta” and “metafor” was used 

for meta-analyses. Summary effects estimates were calculated as weighted averages 

of each individual study’s ORs using random-effects models. One study conducted in 

Japan(Machida-Montani et al., 2004) had information about four mushroom species (Corrinellus 

shiitake, Flammulina velutipes, Hypsizigus marmoreus, and Pholita nameko). In this 

situation, we combined the effect estimates of the four mushroom species using a random-

effects model to get overall estimates.

For each individual study, we calculated the odds ratios for the highest vs. lowest category 

of consumption. Random-effects meta-analysis models were conducted to obtain the 

summary estimate using the DerSimonian and Laird's method(DerSimonian and Kacker, 2007). 

The presence of statistical heterogeneity across studies was assessed using the Cochran’s 

Q test and further quantified using the I2 statistics expressed as a proportion (%)

(Higgins and Thompson, 2002).

To explore potential source of heterogeneity, sub-group analyses were performed to assess 

the risk by World Health Organization (WHO) geographic regions (Africa, Americas, 

Eastern Mediterranean, Europe, Southeast Asia, and Western Pacific), World Bank Income 

group (low, lower-middle, upper middle, high), and study design (case-control, cohort).

Publication bias was evaluated by examining the symmetry of funnel plots and using 

Egger’s and Begg tests(Egger et al., 1997). A pre-specified sensitivity analysis was performed. 

Duval and Tweedie’s trim and fill modification was applied to account for small-study 

effects and applied the leave-one-out method to adjust for potential outlying and influential 

studies(Kirkland et al., 2004). Lastly, we assessed the association of specific mushroom species 

and gastric cancer in Japan.

Meta-analysis of previously published data

Data on four previously published (Park et al., 1998,Kim et al., 2002,Ko et al., 2013,Lee et al., 2019) 

on mushroom intake and gastric cancer were extracted. The search strategy, criteria and 

data extraction protocols were previously described(Ba et al., 2021). The RRs were calculated 

using the same methodology of comparing the highest vs lowest categories of consumption. 

Data from the StoP Japan study was previously published and therefore excluded from the 

met-analysis of previously published studies.

Finally, all StoP and published studies were combined to calculate summary risk estimates 

(RRs) and 95% confidence intervals (CIs).

Results

StoP project study characteristics

The main characteristics of the 3,900 gastric cancer cases and 7,792 controls included in 

the current analysis are shown in Table 1. Approximately more than half of the cases and 

controls were from European studies. Nearly two-thirds of gastric cancer cases (63.4%) were 

men and had lower socioeconomic status than controls (63.4 vs. 58.6%). They also had 
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higher alcohol consumption than controls (10.5 vs. 7.5%) and were more frequently current 

smokers (29.0 vs. 24.2%). In addition, they had lower mushroom intake than controls (53.7 

vs. 56.1).

StoP Project pooled analysis results

When crude estimates for the highest vs. lowest were pooled for the StoP Project studies 

(n= 11), the risk of stomach cancer was 27% lower in the highest vs. lowest mushroom 

consumption group (RR=0.73, 95% CI: 0.65-0.81) (eFig 1). For the adjusted estimate, 

higher mushroom consumption was associated with a lower risk of cancer (RR= 0.82, 

95%CI: 0.71-0.95, n=11) (Fig. 1). There was low heterogeneity between StoP Project 

studies (I2: 18%, p=0.27).

Previous studies and combined StoP results

The adjusted RR from four previous studies are shown in Fig 1. The summary RR was 

0.59 (95% CI: 0.26-1.33). The adjusted RR from these studies and the StoP Project 

studies combined was 0.77 (95% CI: 0.63-0.95, n= 15) (Fig 1). The overall between-study 

heterogeneity was modest (I2: 55%, p=0.01).

Combining both StoP and the previous studies, a meta-analyses of risk estimates by WHO 

geographic regions showed that higher mushroom consumption was associated with a lower 

adjusted risk of stomach cancer in the Western Pacific region (RR=0.59; 95% CI: 0.40-0.87, 

n=6, Fig 2). The risk was (RR= 0.93; 95% CI: 0.74-1.16, n=5) in the European region and 

(RR=0.88; 95% CI: 0.53-1.46, n=4) in the American region.

Further subgroup analysis of StoP and published studies (Table 2) found a statistically 

significant lower adjusted risk of stomach cancer with high mushroom intake in case-control 

studies and in studies that did not adjust for total energy intake. There was no significant 

association in the two cohort studies (RR=1.27, 95% CI: 0.70-2.31) (eFig 2) and in studies 

that adjusted for total energy (RR=0.84, 95% CI: 0.69-1.03) (eFig 3). Analysis stratified by 

World Bank income group showed no differences, with a RR of 0.75 (95% CI: 0.55-1.02) 

for HIC and a RR of 0.87 (95% CI: 0.72-1.06) for LMIC studies (eFig 4).

Visual inspection of a funnel plot including all 15 studies (eFig 5), and the use of Egger’s 

and Begg’s tests, revealed no evidence of asymmetry (t = −0.50, df = 13, p-value = 0.96) and 

(z = 0.25, p-value = 0.80), respectively. This observation was further confirmed by a lack 

of additional studies in Duval and Tweedie’s trim and fill modification. Sensitivity analyses 

using the leave-one-out method did not indicate any influential or outlier study (RR=0.77, 

95%CI: 0.63-0.95) (eFig 6).

A meta-analysis of mushroom species consumed in Japan showed similar protective effects 

between mushroom species. The corrinellus shiitake mushrooms had the lowest relative risk 

(RR=0.45, 95% CI: 0.20-1.02) (eFig 7).
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Discussion

In this pooled-analysis including 11 studies within the StoP Project and four additional 

published studies, the highest level of mushroom consumption was associated with 

a lower risk of gastric cancer. Geographical region analysis showed decreased RR 

primarily in Western Pacific countries such as Korea, China and Japan. No significant 

association was found between higher mushroom consumption and gastric cancer in 

studies conducted in European or American countries. There are thousands of edible 

mushroom species consumed worldwide. A variety of both dried and fresh mushrooms 

are commonly consumed in Asia. One possible explanation for the more pronounced 

protective effect against gastric cancer in Asian studies is the high consumption of shiitake, 

oyster, maitake, and king oyster mushrooms compared to the white button, crimini, and 

portabellas mushrooms which are more commonly consumed in European and American 

countries(Beelman et al., 2019). Alternatively, mushrooms may be part of a more plant-based 

Asian diet that confers a protective effect against cancer.

Mushrooms contain numerous beneficial nutrients and some compounds such as the 

polysaccharide β-glucans(Meng et al., 2016) which have antitumor 

properties(Zhang et al., 2007,Cao et al., 2013). Cao and colleagues suggested that Pleurotus 
ostreatus mycelium (oyster mushroom) which contain the polysaccharides POMP2 may 

inhibit gastric cancer cell growth in vitro and in vivo(Cao et al., 2015). Mushroom have high 

levels of ergothioneine, an amino acid with potent antioxidant properties(Beelman et al., 2019). 

Ergothioneine is consumed exclusively through dietary 

sources(
Ey et al., 2007,Paul and Snyder, 2010,Weigand-Heller et al., 2012,Feeney et al., 2014,Beelman et al., 2019), with 

concentrations differing between mushrooms species. The highest concentrations are found 

in Asian mushrooms, particular shiitake mushrooms which had the most protective effect in 

species-specific analysis. Mushrooms are also a rich source of other antioxidants including 

glutathione, selenium, vitamin C, and vitamin D2(Cardwell et al., 2018). Mushroom extracts 

from some species reduce the ability of H. pylori to neutralize the acidic environment of the 

stomach(Kim et al., 1996). There is little data on mushroom intake and H. pylori infection. A 

high carbohydrate diet in China was found to increase the risk of infection where a balanced 

diet that includes mushrooms did not affect the risk(Xia et al., 2016).

The strengths of the current study include a large sample size and comprehensive analysis 

of mushroom intake and gastric cancer across a wide geographic area. For the StoP Project 

consortium, the data has undergone a harmonization process that facilitated the pooling of 

the studies. The observed associations for the pooled adjusted models were similar to the 

crude effect models, suggesting that unmeasured confounding likely had little effect on the 

results. In addition, we were able to show for the first time the effects of different mushroom 

species on gastric cancer.

The study also has several limitations. First, the interpretation of the findings needs to 

account for the lack of a lowered risk of gastric cancer in the two published cohort studies. 

One of the cohort studies was conducted in the US, and it is possible that the low levels of 

ergothioneine in mushroom species consumed in the US may not have a protective effect. In 
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addition, the statistical analysis of mushroom intake in all studies were based on quantiles, 

where the upper quantile of consumption in the US is likely less than the upper quantile 

consumption in Asian countries. Second, we were not able to conduct a dose-response 

meta-analysis because only 2 of 16 studies reported mushroom intake as grams/day and the 

others reported the units by servings. Serving sizes differ globally(Yamoah et al., 2019), and we 

did not have a method of standardization to account for these differences. Confounding 

did not appear to affect the findings as evidenced by the similar results between the 

crude and adjusted estimates. Lack of adjustment for total energy in nutritional studies 

may overestimate the strength of associations(Willett et al., 1997). In subgroup analysis the 

protective effect was not as strong for studies that adjusted for total energy vs. those that did 

not, although the heterogeneity was not significant.

In conclusion, the current collaborative analysis including 11 studies within the StoP Project 

and four additional studies show that higher mushroom consumption was associated with a 

lower risk of gastric cancer, primarily in Asian countries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

This study was funded by the Associazione Italiana per la Ricerca sul Cancro (AIRC), Project no. 21378 
(Investigator Grant). The authors thank the European Cancer Prevention (ECP) Organization for providing support 
for the project meetings. MOS received a post-doctoral fellowship from the Spanish Association Against Cancer 
Scientific Foundation (AECC; POSTD037OBÓN).

Abbreviations

CI confidence interval

FFQ food frequency questionnaire

H. pylori Helicobacter pylori

OR odds ratios

RR relative risk

StoP Stomach Cancer Pooling Project

WHO World Health Organization

References:

Ba DM, Ssentongo P, Beelman RB, Muscat J, Gao X, Richie JP Jr (2021). Higher Mushroom 
Consumption Is Associated with Lower Risk of Cancer: A Systematic Review and Meta-Analysis of 
Observational Studies. Advances in Nutrition. doi: 10.1093/advances/nmab015.

Beelman R, Royse D (2006). Selenium Enrichment of Pleurotus cornucopiae (Paulet) Rolland and 
Grifola frondosa (Dicks.:Fr.) S.F. Gray Mushrooms. International Journal of Medicinal Mushrooms 
- INT J MED MUSHROOMS 8:77–84. doi: 10.1615/IntJMedMushr.v8.i1.100.

Ba et al. Page 8

Eur J Cancer Prev. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Beelman RB, Kalaras MD, Richie JPJ (2019). Micronutrients and Bioactive Compounds 
in Mushrooms: A Recipe for Healthy Aging? Nutrition Today 54(1):16–22. doi: 10.1097/
nt.0000000000000315.

Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S et al. (1989). A case-control study 
of gastric cancer and diet in Italy. International journal of cancer 44(4):611–616. doi: 10.1002/
ijc.2910440409. [PubMed: 2793233] 

Butcher LD, den Hartog G, Ernst PB, Crowe SE (2017). Oxidative Stress Resulting From Helicobacter 
pylori Infection Contributes to Gastric Carcinogenesis. Cell Mol Gastroenterol Hepatol 3(3):316–
322. doi: 10.1016/j.jcmgh.2017.02.002. [PubMed: 28462373] 

Cao X, Liu R, Liu J, Huo Y, Yang W, Zeng M et al. (2013). A novel polysaccharide from Lentinus 
edodes Mycelia exhibits potential antitumor activity on laryngeal squamous cancer cell line 
Hep-2. Appl Biochem Biotechnol 171(6):1444–1453. doi: 10.1007/s12010-013-0441-6. [PubMed: 
23955351] 

Cao XY, Liu JL, Yang W, Hou X, Li QJ (2015). Antitumor activity of polysaccharide extracted from 
Pleurotus ostreatus mycelia against gastric cancer in vitro and in vivo. Mol Med Rep 12(2):2383–
2389. doi: 10.3892/mmr.2015.3648. [PubMed: 25892617] 

Cardwell G, Bornman JF, James AP, Black LJ (2018). A Review of Mushrooms as a Potential Source 
of Dietary Vitamin D. Nutrients 10(10):1498. doi: 10.3390/nu10101498. [PubMed: 30322118] 

O'Neil Carol E TAN, Fulgoni Victor L III (2013). Mushroom Intake is associated with Better Nutrient 
Intake and Diet Quality: 2001-2010 National Health and Nutrition Examination Survey. Journal of 
Nutrition & Food Sciences 03(05). doi: 10.4172/2155-9600.1000229.

Castaño-Vinyals G, Aragonés N, Pérez-Gómez B, Martín V, Llorca J, Moreno V et al. (2015). 
Population-based multicase-control study in common tumors in Spain (MCC-Spain): rationale and 
study design. Gac Sanit 29(4):308–315. doi: 10.1016/j.gaceta.2014.12.003. [PubMed: 25613680] 

DerSimonian R, Kacker R (2007). Random-effects model for meta-analysis of clinical trials: an 
update. Contemp Clin Trials 28(2):105–114. doi: 10.1016/j.cct.2006.04.004. [PubMed: 16807131] 

Dolai TK, Kumar R, Bhargava R, Mahapatra M, Mishra P, Seth T et al. (2008). Multi-organ failure 
due to Mycobacterium tuberculosis and Aspergillus flavus infection after allogeneic bone marrow 
transplantation. Indian J Hematol Blood Transfus 24(2):78–80. doi: 10.1007/s12288-008-0035-6. 
[PubMed: 23100951] 

Egger M, Smith GD, Schneider M, Minder C (1997). Bias in meta-analysis detected by a simple, 
graphical test. BMJ 315(7109):629–634. doi: 10.1136/bmj.315.7109.629. [PubMed: 9310563] 

Ey J, Schomig E, Taubert D (2007). Dietary sources and antioxidant effects of ergothioneine. 
Journal of agricultural and food chemistry 55(16):6466–6474. doi: 10.1021/jf071328f. [PubMed: 
17616140] 

Feeney MJ, Dwyer J, Hasler-Lewis CM, Milner JA, Noakes M, Rowe S et al. (2014). Mushrooms 
and Health Summit Proceedings. The Journal of nutrition 144(7):1128S–1136S. doi: 10.3945/
jn.114.190728. [PubMed: 24812070] 

Ferro A, Rosato V, Rota M, Costa AR, Morais S, Pelucchi C et al. (2020). Meat intake and risk 
of gastric cancer in the Stomach cancer Pooling (StoP) project. International journal of cancer 
147(1):45–55. doi: 10.1002/ijc.32707. [PubMed: 31584199] 

Hamada GS, Kowalski LP, Nishimoto IN, Rodrigues JJ, Iriya K, Sasazuki S et al. (2002). Risk factors 
for stomach cancer in Brazil (II): a case-control study among Japanese Brazilians in São Paulo. 
Jpn J Clin Oncol 32(8):284–290. doi: 10.1093/jjco/hyf061. [PubMed: 12411565] 

Hamashima C (2020). The burden of gastric cancer. Ann Transl Med 8(12):734–734. doi: 10.21037/
atm.2020.03.166. [PubMed: 32647659] 

Higgins JP, Thompson SG (2002). Quantifying heterogeneity in a meta-analysis. Stat Med 
21(11):1539–1558. doi: 10.1002/sim.1186. [PubMed: 12111919] 

Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyingoh D et al. (2017). 
Global Prevalence of Helicobacter pylori Infection: Systematic Review and Meta-Analysis. 
Gastroenterology 153(2):420–429. doi: 10.1053/j.gastro.2017.04.022. [PubMed: 28456631] 

Jo Feeney M, Miller AM, Roupas P (2014a). Mushrooms-Biologically Distinct and Nutritionally 
Unique: Exploring a "Third Food Kingdom". Nutrition today 49(6):301–307. doi: 10.1097/
NT.0000000000000063. [PubMed: 25435595] 

Ba et al. Page 9

Eur J Cancer Prev. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Jo Feeney M, Miller AM, Roupas P (2014b). Mushrooms-Biologically Distinct and Nutritionally 
Unique: Exploring a "Third Food Kingdom". Nutr Today 49(6):301–307. doi: 10.1097/
NT.0000000000000063. [PubMed: 25435595] 

Kalaras MD, Beelman RB, Elias RJ (2012a). Effects of postharvest pulsed UV light treatment of white 
button mushrooms (Agaricus bisporus) on vitamin D2 content and quality attributes. Journal of 
agricultural and food chemistry 60(1):220–225. doi: 10.1021/jf203825e. [PubMed: 22132934] 

Kalaras MD, Beelman RB, Holick MF, Elias RJ (2012b). Generation of potentially bioactive 
ergosterol-derived products following pulsed ultraviolet light exposure of mushrooms (Agaricus 
bisporus). Food Chem 135(2):396–401. doi: 10.1016/j.foodchem.2012.04.132. [PubMed: 
22868105] 

Kim DH, Bae FA, Jang IS, Han MJ (1996). Anti-Helicobacter pylori activity of mushrooms. Arch 
Pharm Res 19(6):447–449. doi: Doi 10.1007/Bf02986009.

Kim HJ, Chang WK, Kim MK, Lee SS, Choi BY (2002). Dietary factors and gastric cancer in 
Korea: a case-control study. International journal of cancer 97(4):531–535. doi: 10.1002/ijc.10111. 
[PubMed: 11802218] 

Kirkland S, Greaves L, Devichand P (2004). Gender Differences in Smoking and Self Reported 
Indicators of Health. BMC Womens Health 4 Suppl 1:S7. doi: 10.1186/1472-6874-4-S1-S7. 
[PubMed: 15345070] 

Ko KP, Park SK, Yang JJ, Ma SH, Gwack J, Shin A et al. (2013). Intake of soy products and other 
foods and gastric cancer risk: a prospective study. Journal of epidemiology 23(5):337–343. doi: 
10.2188/jea.je20120232. [PubMed: 23812102] 

Lagiou P, Samoli E, Lagiou A, Peterson J, Tzonou A, Dwyer J et al. (2004). Flavonoids, vitamin 
C and adenocarcinoma of the stomach. Cancer Causes Control 15(1):67–72. doi: 10.1023/
B:CACO.0000016619.18041.b0. [PubMed: 14970736] 

Lee DH, Yang M, Keum N, Giovannucci EL, Sun Q, Chavarro JE (2019). Mushroom Consumption 
and Risk of Total and Site-Specific Cancer in Two Large U.S. Prospective Cohorts. Cancer 
prevention research (Philadelphia, Pa) 12(8):517–526. doi: 10.1158/1940-6207.Capr-19-0101. 
[PubMed: 31164344] 

López-Carrillo L, López-Cervantes M, Robles-Díaz G, Ramírez-Espitia A, Mohar-Betancourt A, 
Meneses-García A et al. (2003). Capsaicin consumption, Helicobacter pylori positivity and 
gastric cancer in Mexico. International journal of cancer 106(2):277–282. doi: 10.1002/ijc.11195. 
[PubMed: 12800206] 

Machida-Montani A, Sasazuki S, Inoue M, Natsukawa S, Shaura K, Koizumi Y et al. (2004). 
Association of Helicobacter pylori infection and environmental factors in non-cardia gastric cancer 
in Japan. Gastric Cancer 7(1):46–53. doi: 10.1007/s10120-004-0268-5. [PubMed: 15052440] 

Mattila P, Suonpaa K, Piironen V (2000). Functional properties of edible mushrooms. Nutrition 
(Burbank, Los Angeles County, Calif) 16(7-8):694–696. doi: 10.1016/s0899-9007(00)00341-5. 
[PubMed: 10906601] 

Meng X, Liang H, Luo L (2016). Antitumor polysaccharides from mushrooms: a review on the 
structural characteristics, antitumor mechanisms and immunomodulating activities. Carbohydrate 
Research 424:30–41. doi: 10.1016/j.carres.2016.02.008. [PubMed: 26974354] 

Mu L-N, Lu Q-Y, Yu S-Z, Jiang Q-W, Cao W, You N-C et al. (2005). Green tea drinking and 
multigenetic index on the risk of stomach cancer in a Chinese population. International journal of 
cancer 116(6):972–983. doi: 10.1002/ijc.21137. [PubMed: 15856451] 

Nishimoto IN, Hamada GS, Kowalski LP, Rodrigues JG, Iriya K, Sasazuki S et al. (2002). Risk factors 
for stomach cancer in Brazil (I): a case-control study among non-Japanese Brazilians in São Paulo. 
Jpn J Clin Oncol 32(8):277–283. doi: 10.1093/jjco/hyf060. [PubMed: 12411564] 

Park HS, Kim HS, Choi SY, Chung CK (1998). Effect of Dietary Factors in the Etiology of Stomach 
Cancer. Epidemiol Health 20(1):82–101.

Patel S, Goyal A (2012). Recent developments in mushrooms as anti-cancer therapeutics: a review. 3 
Biotech 2(1):1–15. doi: 10.1007/s13205-011-0036-2.

Paul BD, Snyder SH (2010). The unusual amino acid L-ergothioneine is a physiologic cytoprotectant. 
Cell Death Differ 17(7):1134–1140. doi: 10.1038/cdd.2009.163. [PubMed: 19911007] 

Ba et al. Page 10

Eur J Cancer Prev. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pelucchi C, Lunet N, Boccia S, Zhang ZF, Praud D, Boffetta P et al. (2015). The stomach cancer 
pooling (StoP) project: study design and presentation. Eur J Cancer Prev 24(1):16–23. doi: 
10.1097/cej.0000000000000017. [PubMed: 24566154] 

Perše M (2013). Oxidative Stress in the Pathogenesis of Colorectal Cancer: Cause or Consequence? 
BioMed Research International 2013:725710. doi: 10.1155/2013/725710. [PubMed: 23762854] 

Santibañez M, Alguacil J, de la Hera MG, Navarrete-Muñoz EM, Llorca J, Aragonés N et al. (2012). 
Occupational exposures and risk of stomach cancer by histological type. Occup Environ Med 
69(4):268–275. doi: 10.1136/oemed-2011-100071. [PubMed: 22068174] 

Setiawan VW, Yu GP, Lu QY, Lu ML, Yu SZ, Mu L et al. (2005). Allium vegetables and stomach 
cancer risk in China. Asian Pacific journal of cancer prevention : APJCP 6(3):387–395. [PubMed: 
16236005] 

Shiotani A, Cen P, Graham DY (2013). Eradication of gastric cancer is now both 
possible and practical. Seminars in Cancer Biology 23(6, Part B):492–501. doi: 10.1016/
j.semcancer.2013.07.004. [PubMed: 23876852] 

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A et al. (2021). Global Cancer 
Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 
185 Countries. CA Cancer J Clin 71(3):209–249. doi: 10.3322/caac.21660. [PubMed: 33538338] 

Weigand-Heller AJ, Kris-Etherton PM, Beelman RB (2012). The bioavailability of ergothioneine from 
mushrooms (Agaricus bisporus) and the acute effects on antioxidant capacity and biomarkers 
of inflammation. Preventive Medicine 54:S75–S78. doi: 10.1016/j.ypmed.2011.12.028. [PubMed: 
22230474] 

Willett WC, Howe GR, Kushi LH (1997). Adjustment for total energy intake in epidemiologic studies. 
The American Journal of Clinical Nutrition 65(4):1220S–1228S. doi: 10.1093/ajcn/65.4.1220S. 
[PubMed: 9094926] 

Wroblewski LE, Peek RM Jr., Wilson KT (2010). Helicobacter pylori and gastric cancer: factors 
that modulate disease risk. Clin Microbiol Rev 23(4):713–739. doi: 10.1128/CMR.00011-10. 
[PubMed: 20930071] 

Xia Y, Meng G, Zhang Q, Liu L, Wu H, Shi H et al. (2016). Dietary Patterns are Associated with 
Helicobacter Pylori Infection in Chinese Adults: A Cross-Sectional Study. Sci Rep 6:32334. doi: 
10.1038/srep32334. [PubMed: 27573193] 

Yamoah F, Acquaye A, Malik S (2019). Regional differences in portion size consumption behaviour: 
Insights for the global food industry. AIMS Agriculture and Food 4:731–755.

Zaridze D, Borisova E, Maximovitch D, Chkhikvadze V (2000). Alcohol consumption, smoking and 
risk of gastric cancer: case-control study from Moscow, Russia. Cancer Causes Control 11(4):363–
371. doi: 10.1023/a:1008907924938. [PubMed: 10843447] 

Zhang M, Cui SW, Cheung PCK, Wang Q (2007). Antitumor polysaccharides from mushrooms: a 
review on their isolation process, structural characteristics and antitumor activity. Trends in Food 
Science & Technology 18(1):4–19. doi: 10.1016/j.tifs.2006.07.013.

Ba et al. Page 11

Eur J Cancer Prev. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 1. Association of mushroom consumption (highest vs. lowest categories) with risk of gastric 
cancer.
Blue squares and their corresponding lines are the point estimates and 95% confidence 

intervals for each study. Maroon diamond represented pooled effect estimate for each 

subgroup.
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Fig 2. Association of mushroom consumption (highest vs. lowest categories) with risk of gastric 
cancer stratified by the WHO region.
Blue squares and their corresponding lines are the point estimates and 95% confidence 

intervals for each study. Maroon diamond represented pooled effect estimate for each 

subgroup.
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Table 1∣

Distribution of 3,900 cases of gastric cancer and 7,792 controls according to study center, sex, age and other 

selected covariates.

Cases Controls

N % N %

Total 3,900 7,792

Study center

Europe

Italy (Buiatti et al. 1989) 1,016 26.1 1,159 14.9

Greece (Lagiou et al. 2004) 110 2.8 100 1.3

Spain 1 (Castano-Vinyals et al. 2015) 441 11.3 3,440 44.2

Spain 2 (Santibanez et al. 2012) 401 10.3 455 5.8

Russia (Zaridze et al. 1999) 450 11.5 611 7.8

Asia

China 1 (Mu et al. 2005) 206 5.3 415 5.3

China 2 (Setiawan et al. 2005) 711 18.2 711 9.1

Japan (Machida-Montani et al. 2004) 153 3.9 303 4.0

Americas

Brazil 1 (Nishimoto et al. 2002) 226 5.8 226 2.9

Brazil 2 (Hamada et al. 2002) 93 2.4 186 2.4

Mexico (Lopez-Carillo et al. 2003) 93 2.4 186 2.4

Age, mean (SD) 62.9 (10.9) 62.0 (11.5)

Sex

Men 2,474 63.4 4,564 58.6

Women 1,426 36.6 3,228 41.4

Socioeconomic status

Low 2,388 61.2 3,946 50.6

Intermediate 1,192 30.6 2,634 33.8

High 291 7.5 1,174 15.1

Missing 29 0.7 38 0.5

Smoking status

Never 1,724 44.2 3,629 46.6

Former 979 25.1 2,176 27.9

Current 1,131 29.0 1,888 24.2

Missing 66 1.7 99 1.3

BMI (kg/m2) 1 

<24.9 1,695 43.5 3,243 41.6

25.0-29.9 873 22.4 2,336 30.0

≥ 30.0 920 23.6 1,615 20.7

Missing 412 10.6 598 7.7

History of diabetes 2 
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Cases Controls

N % N %

Total 3,900 7,792

No 3,226 82.7 6,290 80.7

Yes 256 6.6 776 10.0

Missing 418 10.7 726 9.3

Alcohol intake 3 

Never 915 23.4 1,780 22.8

Low (≤12 g/d) 530 13.6 2,028 26.0

Intermediate (>12–47 g/d) 1,178 30.2 1,979 25.4

High (> 47 g/d) 408 10.5 581 7.5

Missing 869 22.3 1,424 18.3

Mushroom intake

No 1,609 41.3 2,836 36.4

Yes 2,093 53.7 4,374 56.1

Missing 198 5.1 582 7.5

Vegetables/legumes intake 4 

Low 1,106 28.3 1,961 25.2

Intermediate 1,098 28.2 2,304 29.6

High 1,469 37.7 2,624 33.7

Missing 227 5.8 903 11.6

Fruit intake 5 

Low 1,247 32.0 2,097 26.9

Intermediate 1,143 29.3 2,275 29.2

High 1,229 31.5 2,616 33.6

Missing 281 7.2 804 10.3

Total energy intake 6 

1st Tertile 875 22.4 2,024 26.0

2nd Tertile 952 24.4 1,954 25.1

3rd Tertile 980 25.1 1,924 24.7

Missing 1,093 28.0 1,890 24.3

1
No information for the studies Mexico, Brazil 1, and Brazil 2.

2
No information for the studies China 1 and Mexico.

3
No information for the study China 2

4
No information for the study Mexico

5
No information for the study Mexico

6
No information for the studies China 1, Russia, Brazil 1, and Brazil 2
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Table 2.

Results of subgroup analysis for the association between mushroom intake (highest vs. lowest categories) and 

gastric cancer risk.

Subgroup No. of studies Pooled RR (95%
CI)

I2 (%) P for heterogeneity
between subgroups

Study design 0.09

Cohort 2 1.27 (0.70, 2.31) 0

Case-control 13 0.74 (0.60, 0.92) 58

WHO region 0.13

Americas 4 0.88 (0.53, 1.46) 0

Europe 5 0.93 (0.74, 1.16) 34

Western Pacific 6 0.59 (0.40, 0.87) 71

Total Energy 0.23

Adjusted 8 0.84 (0.69, 1.03) 41

Not adjusted 7 0.62 (0.39, 0.99) 66

World Bank income groups 0.41

HIC 9 0.75 (0.55, 1.02) 71

LMIC 6 0.87 (0.72, 1.06) 0
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