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Abstract

Although the incidence of stomach cancer has been declining, it remains the second leading cause
of cancer death worldwide. Potential protective effects of allium vegetables against cancer have
been reported by a few epidemiologic studies in Chinese populations, but the sample sizes of these
studies were relatively small. We examined the associations between allium vegetable
consumption and stomach cancer in a large population-based case-control study in Shanghai (750
cases and 750 age- and gender-matched controls) and Qingdao (128 cases and 128 age- and
gender-matched controls). Epidemiological data were collected by a standard questionnaire, and
odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using conditional logistic
regression in SAS. After adjusting for matching variables, education, body mass index, pack-years
of smoking, alcohol drinking, salt intake, and fruit and vegetable intake, inverse relationships with
dose response pattern were observed between frequency of onion intake and stomach cancer in
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Qingdao (P for trend=0.02) and Shanghai (P for trend=0.04) populations. In Shanghai, negative
dose-response relationships were observed between monthly intake of onions (P=0.03), monthly
intake of garlic stalks (P=0.04) and distal cancer (but not with cardia cancer). Negative association
was also noted between intake of garlic stalks (often vs. never) and risk of stomach cancer in
Qingdao (OR=0.30; 95% CI: 0.12-0.77). Our results confirm the protective effect of allium
vegetables (especially garlic and onions) against stomach cancer.
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Introduction

Allium vegetables, which include garlic, onions, shallots, leeks, scallions and chives, contain
high levels of flavanols and organosulfur compounds. From animal and in vitro studies,
allium vegetables have been shown to have an anticarcinogenic potential of bioactive
compounds, e.g. allyl sulfides (Nakagawa et al., 2001; Wargowich et al., 1996), and an
antibacterial effect against Helicobacter pylori (H. pylori), which is known to be important
in stomach carcinogenesis (Jonkers et al., 1999). The antibacterial effect, which is attributed
to garlic’s thiosulfinate concentration, has recently been quantified. Studies have reported
that garlic extract could inhibit H. pylori growth in vitro (Canizares et al., 2004; Garcia-
Avrata et al., 1999; Sivan et al., 1997). More general anticarcinogenic effects may derive
from the organosulfur compounds in garlic that are responsible for its odor and flavor
(Lawson et al., 1991). Previous animal studies have also shown that a compound extracted
from garlic and onions, diallyl sulfide, has strong cancer inhibitory properties (Nakagawa et
al., 2001; Reddy et al., 1993; Belman 1983; Wargowich 1987; Wargowich et al., 1988).

Because allium vegetables, especially garlic and onions, have been shown to have
anticarcinogenic potential and an antibacterial effect against H. pylori, we hypothesized that
allium vegetable intake is protective against stomach cancer development. Epidemiological
studies of stomach cancer in relation to dietary habits suggest that consumption of allium
vegetables, especially garlic and onions, may reduce the risk of stomach cancer (Table 1).
Review and meta-analysis of garlic and stomach cancer studies have been published
(Fleischauer et al., 2000; Fleischauer and Arab, 2001). In our study, we examined the
relationship between allium vegetable intake and stomach cancer using a large matched
case-control study conducted in Shanghai and Qingdao, China.

Materials and Methods

Study Population. Shanghai is a municipality under the direct jurisdiction of the Chinese
central government. It is the largest economic and trade center in the country and a
comprehensive industrial base. Age-adjusted (world standard) incidence rate of stomach
cancer was 38.2/100,000 during 1993-1994, which is the second highest cancer incidence in
Shanghai after lung cancer (Jin et al., 1994). Qingdao (Tsingtao) city is located in the
southeastern Shandong province in East China on the Yellow Sea. Qingdao is a major
fishing and trade port of China and is the leading industrial city of Shandong. Description of

Asian Pac J Cancer Prev. Author manuscript; available in PMC 2014 September 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Setiawan et al.

Page 3

the case-control study population (eligibility of study participants and response rates) and
the collection of epidemiological data have been published elsewhere (Yu et al., 1995).
Briefly, a population-based case-control study was conducted in Shanghai and Qingdao in
1991. Data included interview questionnaires and medical record reviews. Eligible cases
were individuals with incident primary stomach cancer who were under 80 years of age, and
who were diagnosed between October 1991 and December 1993 among residents of
Shanghai and Qingdao. Case-finding was organized by the Health Station for Disease
Control in each of the study areas. Community controls were selected from the same street
or community where the respective cases resided and were matched to the cases by age
(within 3 years) and gender. Among the eligible persons, the one living in the nearest
residence to that of the case was selected as control. The Shanghai study included 750
stomach cancer cases (128 cardia and 622 distal), and 750 controls, and the Qingdao study
included 201 stomach cancer cases and 201 controls.

Epidemiological data collection. Interviews with the study participant were conducted by
trained interviewers at the participant’s home using a structured, pilot-tested questionnaire.
Information collected included: (1) demographic characteristics, (2) medical history of
subjects and family members, (3) tobacco use, (4) alcohol consumption, and (5) dietary
information including tea drinking, vegetable and fruit intake, salt consumption, and allium
vegetable consumption. The participants were asked questions about dietary factors in the
80s (i.e. approximately 10 years before diagnosis for cases). Allium vegetable data included
frequency of allium vegetable intake and family monthly consumption of each vegetable in
kilograms. Allium vegetables included were onion leaves, scallions, garlic stalks, garlic,
onions and Chinese chives.

Statistical analysis. Minimum detectable ORs were calculated for various exposure
proportions in controls, using a two-sided test, 0.05 a level and 80% power for univariate
analysis. Our Shanghai study (with 750 cases and 750 controls) was adequate to detect ORs
ranging from 0.52 to 0.72, and when frequency of exposure was 5-55% in controls. Because
the etiology of the proximal part of stomach cancer (cardia and gastroesophageal junction) is
different from that in other parts of the stomach (distal), and because there may be subsite-
specific differences in stomach cancer risk associated with allium vegetable consumption
(Dorant et al., 1996), we evaluated whether the role of allium vegetable consumption varies
in cardia and distal cancer in the Shanghai study. Our Shanghai study (128 cardia cases and
622 distal cases) was adequate to detect ORs ranging from 0.24 to 0.44 for cardia cancer,
and ORs ranging from 0.49 to 0.69 for distal cancer, and when frequency of exposure was
5-55% in controls. Two types of analyses were conducted, first for all stomach cancer, then
stratified by tumor location (cardia and distal). In Qingdao, because the stomach cancer
cases were not distinguished by tumor location, only all case analyses were performed.
Based on the power calculation for univariate analysis, our sample size (201 cases and 201
controls) was adequate to detect OR ranging from 0.31 to 0.52, and when the frequency of
exposure was between 5-55% in controls. Pack-years of smoking were computed by
multiplying the number of packs of cigarettes smoked per day by the total years of smoking.
Body mass index (BMI in kg/m2) was calculated by dividing the body weight by the height
squared. Intake of vegetables and fruit were categorized into “never”, “occasional” d(few
times/year), “less often” (few times/month), and “often” (few times/week). For each type of
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allium vegetable (onion leaves, scallions, garlic stalks, garlic, onions and Chinese chives),
frequencies of intake were collected, using the same categories as noted above. Because of
the limited numbers in these categories, “occasional”, and “less often” categories were
collapsed. The categorization of monthly intake (in kg) was based on the distributions in the
controls. Median distribution of the controls was used as the cutoff point. Monthly intake
was categorized into “never”, “low” and “high”. The “never” category was used as a
referent. Conditional logistic regression maintaining the matched-pairs was used to estimate
the effect of allium vegetable intake on stomach cancer risk while adjusting for education,
BMI, pack-years of smoking, alcohol drinking, salt intake, and vegetable and fruit intake.
Trend test was computed by treating the categorical variable as a continuous predictor in the
conditional logistic regression models. All analyses were conducted in SAS version 8.12.

Table 2 shows the means and distribution of demographic and potential confounding
variables by case-control status in Shanghai and Qingdao. As expected in an age- and
gender-matched case-control study, similar means of age and gender distribution were
observed in cases and controls (62.9 years and 62.4 years in Shanghai and 61.0 years and
60.8 years in Qingdao). There were more men (64—71%) than women (29-36%) in both
places. In Shanghai, cardia cases were generally older (mean age=66 years) and more often
men (69%) than distal cases (mean age=62 years; 63% men). Most people had education <
high school (>93% in both cases and controls). The mean of BMI was similar in cases and
controls, with slightly higher BMI in Qingdao than in Shanghai. More smokers were found
in the stomach cancer group (48-64%) than in the controls (43-54%), with a slightly higher
proportion of smokers in distal (49%) than in cardia cancer (45%) in Shanghai. Mean of
pack-years was higher in stomach cancer cases than in controls. The majority of study
participants were non-drinkers (>62% in cases and in controls). Similar means of salt intake
were observed in cases and controls. Most people were frequent vegetable eaters, with a
higher proportion of frequent eaters in controls than in cases. Controls tended to eat fruits
more frequently than stomach cancer cases, and slightly more cardia cancer cases (58%) ate
fruits more frequently than distal cases (54%). The proportion of people who ate fruits more
frequently was lower in Qingdao than in Shanghai (35% versus 65% among controls). Based
on prior knowledge of stomach cancer risk factors and our confounding assessment,
education, BMI, pack-years of smoking, alcohol drinking, salt intake, and fruit and
vegetable intake were adjusted for when estimating the effects of allium vegetables on
stomach cancer risk.

The multivariate ORs and 95% Cls for individual allium vegetables and stomach cancer risk
in Shanghai are presented in Table 3. All of the highest frequency categories of “often” for
each allium vegetable showed protective ORs, except for scallions. A negative dose-
response relationship was only observed between onion intake and stomach cancer risk (P
for trend=0.04). The trend remains significant (P for trend=0.0461) after adjusting for the
other allium vegetables in the same model (data not shown). We did not observe a clear
relationship between frequency intake of allium vegetables and cardia cancer risk, which
may be due partly to small number in some of the categories. For distal cancer, each allium
vegetable “often” category had an OR below 1, except for scallions. A negative dose-
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response pattern was observed between increasing intake of onions with decreasing distal
cancer risk (P for trend=0.04).

Table 4 shows corresponding ORs and 95% Cls for cardia cancer and distal cancer
according to quartile ranking of monthly allium vegetable consumption in Shanghai. No
clear dose-response pattern was observed between monthly allium vegetable consumption
and cardia cancer. However, we observed negative dose-response patterns between
increasing intake of scallions (P=0.09) and garlic stalks (P=0.04) with decreasing distal
cancer risk. The trend for garlic stalks remains significant (P=0.04) even after adjusting for
the other allium vegetables in the model (data not shown). The ORs of the “high” intake
category when compared to the “never” category were 0.60 (95% CI: 0.37-0.99) for
scallions and 0.72 (95% CI: 0.52—0.99) for garlic stalks.

Table 5 shows the ORs and 95% Cls for individual allium vegetables and stomach cancer
risk in Qingdao. In this population, more people were frequent consumers of allium
vegetables than in Shanghai. In Qingdao controls, 57% of people categorized themselves as
“often” onion eaters as opposed to only 31% in Shanghai controls. In addition, 54% of
Qingdao controls categorized themselves as “often” garlic consumers as opposed to only 4%
of Shanghai controls. We observed a dose-response pattern between onions and stomach
cancer risk in Qingdao (P for trend=0.02), although the trend became borderline significant
(P=0.07) after adjusting for other allium vegetables in the model. The OR of the
“occasional” category when compared to the “never” was 0.21 (95% CI: 0.06-0.79). The
OR of the “often” category when compared to the “never” was 0.14 (95% CI: 0.03-0.71).
Slight dose-response relationships were also observed for garlic (P for trend=0.06) and
garlic stalks (P for trend=0.07). Table 5 also shows the ORs and 95% Cls of monthly allium
vegetable intake in Qingdao. We observed an association between garlic stalk and onion
intake with stomach cancer risk. The “never” category was used as a referent. The category
of “low” intake of garlic stalks yielded an OR of 0.19 (95% CI: 0.08-0.45) and the “high”
intake of garlic stalks yielded an OR of 0.30 (95% CI: 0.13-0.73). For onions, a negative
dose-response pattern was observed (P for trend=0.004) and remains strongly significant
after adjusting for the other allium vegetables (P=0.007). The ORs were 0.29 (95% CI:
0.09-0.94) for the “low” intake category and 0.07 (95% ClI: 0.01-0.52) for the “high” intake
category.

Discussion

We found onion consumption to be inversely associated with stomach cancer risk in
Shanghai and Qingdao. The highest category of onion intake was associated with reduced
stomach cancer risk [Shanghai’s OR=0.66 (95% CI: 0.42-1.02) and Qingdao’s OR=0.14
(95% CI: 0.03-0.71)]. In addition, after adjusting for potential confounders and the other
allium vegetables, a negative dose-response relationship was observed between onion
consumption and stomach cancer risk in both populations. A decreased risk of distal
stomach cancer was observed with increasing onion consumption. In Shanghai, based on
monthly consumption in kg, we found that intake of garlic stalks was associated with a
decreased risk of distal stomach cancer, and with a clear dose-response relationship. In
Qingdao, we consistently observed an inverse association between intake of garlic stalks,
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garlic, and onions and stomach cancer. A strong dose-response relationship was observed
between monthly intake of onions and stomach cancer.

Most epidemiological studies, including a cohort study, have suggested a decreased risk of
stomach cancer with increasing consumption of garlic, onions, or related allium vegetables.
One study conducted in a high-risk area of China found that onions were protective against
stomach cancer; the OR of the highest frequency intake category was 0.17 (95% CI: 0.08-
0.36), which is very similar to our observation in Qingdao (Gao et al., 1999). The only
cohort study of allium vegetables (the Netherland Cohort Study) to date showed a strong
inverse association between onion consumption and stomach cancer incidence (Dorant et al.,
1996). The observation was restricted to distal cancer only. Our results were consistent with
that study, as we observed a negative dose-response relationship between onions and distal
stomach cancer only. One study in Japan found a positive association between high onion
intake and stomach cancer, which may be explained by the selection of hospital patients
with severe gastric diseases as controls (Tajima et al., 1985).

We did not observe a clear association between allium vegetable consumption and cardia
cancer risk. None of the previous studies, aside from the cohort study, separated stomach
cancer into subsites (cardia and distal). It is important to take into account tumor site,
because it has been suggested that the etiology of cancer in the proximal part of the stomach
(cardia and gastroesophageal junction) is different from that in the other part of the stomach
(distal). Thus there may be subsite-specific differences in stomach cancer risk associated
with allium vegetable consumption (Dorant et al., 1996). In addition, there is a possibility
that cardia cancer has an etiology that is more similar to esophageal adenocarcinoma than to
distal cancer (Wang et al., 1986). A large case-control study of esophageal cancer also
conducted in Shanghai found no association between allium vegetable consumption and risk
of esophageal cancer in men or women (Gao et al., 1994). However, a case-control study in
a high-risk area in China found that allium vegetables (garlic, onions, Welsh onions and
Chinese chives) were inversely associated with esophageal cancer risk (Gao et al., 1999).
Whether the anticarcinogenic compounds in allium vegetables have a different effect on
different areas of the stomach requires further investigation.

Several experimental studies have shown that extracts from garlic and onions have
anticancer properties (for recent reviews, see Herman-Antosiewicz and Singh, 2004; Milner,
2001). Belman was the first to find that tumor promotion was inhibited by onion and garlic
oil in a dose-response manner in the skin (Belman, 1983). Interestingly, Sparnins et al.
found that organosulfur compounds from garlic and onions have inhibitory effects on
benzo(a)pyrene-induced cancer of the mouse forestomach (Sparnins et al., 1988). They also
found that these compounds can induce glutathione S-transferase activity in the
forestomach. In vitro assays also showed that allium vegetables or their bioactive
constituents could inhibit proliferation and cause cycle arrest and/or apoptosis in several
cancer cells (Nakagawa et al., 2001; Xiao et al., 2004; Kwon et al., 2002; Sakamoto et al.,
1997; Sundaram and Milner, 1996). In vitro, sulfur compounds in garlic and onions have
been shown to depress nitrosamine formation and bioactivation (Dion et al., 1997). Studies
have shown that they induce the antitumorigenic NSAID-activated gene by a p-53-
dependant mechanism (Bottone et al., 2002), activate Bcl-2, Bax and p-53 genes (Hong et
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al., 2000), and protect against induced mammary epithelial cell DNA adduct formation
(Schaffer et al., 1997). Sivan et al. have demonstrated in vitro that H. pylori is susceptible to
garlic extract at a fairly moderate concentration. Even some antibiotic-resistant H. pylori
strains are susceptible to garlic (Sivan et al., 1997). The results of experimental studies
support epidemiological findings that higher intake of allium vegetables is associated with a
reduction in the risks of some cancers.

Although our findings are consistent with most previous studies of stomach cancer, several
potential limitations of our study should be discussed. Disease and exposure
misclassification may exist in our study. In our study, most of the stomach cancer cases were
pathologically, surgically or endoscopically diagnosed (85%) (Yu et al., 1995); therefore,
disease misclassification is likely minimal. Misclassification of exposure, however, is more
likely to have occurred. Differential recall of dietary intake due to awareness of disease
status may be possible. In addition, recall of dietary intake can be influenced by current
dietary habits, which may be different from those in the relevant reference period due to
symptoms of disease. Our questionnaire asked about dietary habits in the 80’s, prior to the
disease diagnoses, which may have minimized potential misclassification bias for allium
vegetable intake. Data of allium vegetable consumption collected included intake frequency
and monthly consumption in kg for each type of vegetable. Because it is very difficult to
remember precisely how often each vegetable was consumed, misclassification of exposure
is likely to have occurred. All allium vegetable consumption was categorized into three
groups because of the low numbers of consumers in some of the categories. This crude
categorization of consumption may have limited the ability to detect a relationship between
higher levels of vegetable intake and stomach cancer risk. In this study, H. pylori infection
status was not available. While H. pylori infection is an established risk factor for stomach
cancer, garlic extract has been shown to have antibacterial activity against H. Pylori; thus H.
pylori infection may act more as an intermediate than as a confounder. Statistical adjustment
for H. pylori infection in the analyses may not be appropriate.

In conclusion, our large population based case-control studies of stomach cancer confirmed
previous reports of protective effects associated with allium vegetable consumption. Future
epidemiological studies of allium vegetables and stomach cancer should separate stomach
cancer into cardia and non-cardia cancer. Prospective studies are needed to confirm the
protectiveness of garlic or onions against stomach cancer because of their great potential as
low-cost remedies to reduce stomach cancer incidence among high-risk populations.
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