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ABSTRACT
The relationship between dairy consumption and gastric cancer risk has not 

been well studied. We therefore performed a update meta-analysis to evaluate 
the relationship. Published cohort and case-control studies were identified via 
computer searches and reviewing the reference lists of the key articles. Random 
effects meta-analysis was used to pool effects from 5 cohort and 29 case-control 
studies. The odds ratio for the overall association between dairy consumption and 
gastric cancer was 1.20 (95%confidence interval: 1.04–1.39). The combined risk 
estimate was similar for population-based case-control studies (odds ratio = 1.27, 
95%confidence interval: 1.00–1.61), but was reduced for hospital-based studies 
(odds ratio = 1.22; 95%confidence interval: 0.95–1.57) and cohort studies (odds 
ratio = 0.99; 95%confidence interval: 0.77–1.28). There was high heterogeneity 
in overall analyses. In the population-based subgroup analyses, the odds ratio was 
0.96 (95%confidence interval: 0.69–1.34) when considering five studies assessing 
exposure two or more years before interview, and the association strengthened 
(odds ratio = 1.91, 95%confidence interval: 1.60–2.28) when dairy consumption 
was evaluated one year or less prior to interview. In conclusion, we found adverse 
effect of dairy consumption associated with gastric cancer.

INTRODUCTION

Gastric cancer is the fifth most common cancer 
worldwide with 952,000 cases diagnosed in 2012 [1]. 
With its poor survival, it holds the second most common 
cause of cancer death worldwide after lung cancer [2]. It 
is estimated that 21,320 people (13,020 men and 8,300 
women) will be diagnosed with and 10,540 people will die 
of cancer of the stomach in 2012 in the United states [3]. 
Surgery is the most frequent treatment option for stomach 
cancers but prognosis is generally rather poor, with cohort 
and period estimate of 5-year relative survival rate below 
25% [4]. Therefore, early intervention on modifiable risk 
factors of gastric cancer is very important. Given the ten-
fold variation in disease incidence between population at 
the highest and lowest risk [2], dietary factors have been 

suggested to play a key role in the aetiology of the disease. 
The identification of foods and nutrients associated with 
gastric cancer could give an opportunity for prevention. 

With regard to dietary factors, dairy products are 
important source of several nutrients, including animal fat, 
lactose, vitamins, calcium, and total energies. The Dietary 
Guidelines for Americans 2010 continue to recommend 
three daily serving of dairy products. Dairy products is 
such a common exposure that any small effect can result 
in a large population impact. Reviews and meta-analyses 
of available studies showed a 16% reduction bladder 
cancer risk in milk consumers [5], no effect on ovarian 
cancer risk [6], and a 11% increased in prostate cancer 
risk [7]. Investigation of gastric cancer has been less 
extensive. Many epidemiologic studies that examined the 
association diary product consumption and risk of gastric 
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cancer have produced conflicting results, with both inverse 
and positive associations reported. A previous pooling 
analysis by Huang et al. [8] supported the hypothesis that 
dairy products consumption decreased the risk of gastric 
cancer. However, the included eight case-control studies 
were all conducted in China, where the dairy products 
consumption is less common than in Western countries. 
Recently, another three meta-analyses of the correlation 
between dairy consumption and gastric cancer risk were 
performed. However, they appeared to be flawed because 
of confusion in the selection criteria and pooling of no 
adjusted risk estimates [9–11]. Thus, we aimed to update 
and quantitatively reassess the association between dairy 
products consumption and gastric cancer.

RESULTS

We identified 41 case-control studies and five 
independent cohort studies that examined the risk of 
gastric cancer with milk/dairy consumption. Upon closer 
examination, 12 case-control articles did not provide a 
summary OR or its 95% CIs [12–23]. Three articles [24–
26] was excluded because milk intake had been treated as 
a continuous variable, not discrete categories. One study 
[14] was updated by Palli et al [27]. Two cohort study 
provided hazard ratios [28, 29] instead of OR/RR. The 
remaining 29 case-control studies and 5 cohort studies are 
presented in Supplementary Table 1. They were carried 
out in 15 countries and areas. 7 were conducted in the 
United States [30–36], 8 were in Europe [27, 37–43], and 
14 were in Asia [44–57] , 3 in Latin America [58–60], and 
2 in Turkey [61, 62]. 5 cohort studies [32, 35, 36, 38, 53] 
regarding the association between dairy consumption and 
risk of gastric cancer were identified. The characteristics 
of these studies were also presented in Supplementary 
Table 1. 25 studies used only histologically confirmed 
cases, two stated that respectively 98% [30] and 90.2% 
[42] of cases had histological confirmation, five studies 
only indicated having used cancer registries to identify 
cases [34–36, 38, 53], and two declared the cases were 
newly diagnosed at certain hospitals [61, 62]. 

The number of cases enrolled in these case-control 
studies ranged from 41 to 1111, with a sum of 8956. And 
corresponding numbers of controls ranged from 128 
to 36490, with a sum of 78319. 13 case-control studies 
selected controls from populations and the other 17 studies 
from hospitals. Hoshiyama et al. [44]. used both hospital 
and population controls for comparison separately. 
Among the 34 studies, 20 reported on dairy food intake 
and 21 reported on milk intake. Gastric cancer risk was 
reported separately by both dairy and different types of 
milk in several studies [31, 38–41, 56, 60], as shown 
in Supplementary Table 1. Among the 29 case-control 
studies, dietary information was assessed for the period at 
least 2 years before onset of symptoms or diagnosis in 9 
studies [27, 31, 37, 39, 42, 43, 55, 57, 59], while one years 

or less prior to interview or diagnosis in 9 studies [30, 40, 
41, 45, 49, 50, 56, 60, 61], and the remaining 11 studies 
did not mention the exposure period.

The multivariable-adjusted ORs for each study 
and all studies combined for the highest versus lowest 
categories of dairy consumption in relation to gastric 
cancer risk are shown in Figure 1. A significant positive 
association was seen between dairy consumption and 
gastric cancer risk: the pooled OR was 1.20 (95% CI: 
1.04–1.39) in a random-effects analysis. There was a 
statistically significant heterogeneity across studies (I2 = 
83.0%). The combined risk estimate was 1.27 (95% CI: 
1.00–1.61) for population-based case-control studies and 
1.22 (95% CI: 0.95–1.57) for hospital-based case-control 
studies, with statistically significant heterogeneity (see 
Figure 1). In Table 1, we performed subgroup analyses 
based on study design, geographical region (Europe, Asia, 
USA, Latin America), and exposure period (at least 2 
year prior to interview, one years or less prior, and not 
specified). The OR estimates showed dairy consumption 
was consistently associated with an increased risk 
of gastric cancer, although some of the results were 
nonsignificant and with significant heterogeneity. 

In fact, it was difficult to classify these dairy studies 
because of the ambiguous or different definitions of food 
items in each questionnaire. In general, there were items of 
milk and dairy products, which were used in the included 
studies. According to this classification, we observed a 
significant relation of milk intake with an increased risk 
of gastric cancer (OR = 1.44, 95% CI: 1.15–1.81), while 
the relation of dairy foods intake was not significant  
(OR = 1.08, 95% CI: 0.90–1.30). When pooled estimates 
from the seven studies [31, 38–41, 56, 60] where reported 
dairy foods and milk separately, the similar results were 
observed (OR = 1.62, 95% CI: 1.05–2.48 for milk;  
OR = 1.04, 95% CI: 0.61–1.79 for dairy foods, see Figure 2).

Since the type of control (hospital or population) 
would be a potential source of heterogeneity for meta-
analysis and the design with population control has a great 
advantage over that with hospital control, we estimated 
the OR of dairy consumption limited in the studies with 
population controls. The OR was 1.12 (95% CI: 0.64–1.97 
P = 0.0000) for the five Asian studies, and 1.22 (95% CI: 
0.96–1.56 P = 0.145) for the four studies from Europe. 
There was statistically significant heterogeneity among 
the Asian studies, but not among the European studies 
(see Figure 3). Figure 4 showed the risk estimates of 
gastric cancer associated with different dairy consumption 
exposure period in population-based case-control studies. 
The combined odds ratio was 0.96 (95% CI: 0.69–1.34,  
P = 0.002) for those assessing exposure two or more years 
before interview, and 1.91 (95% CI: 1.60–2.28, P = 0.435) 
when dairy consumption was evaluated closer to the time 
of interview. And the pooled OR from the remaining 
studies which did not mention the exposure period was 
1.30 (95% CI: 0.80–2.10, P = 0.001). 
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Sensitivity analyses by sequentially excluding 
one study in each turn to examine the influence of a 
single study on the overall estimate suggest the overall 
risk estimates did not substantially modified by any 
single study (data not show). The funnel plot showed 
some asymmetry among overall studies, while both the 
Begg’s test (P = 0.064) and the Egger’s test (P = 0.290) 
for publication bias were nonsignificant. Among the 
population-based case-control studies, there was no 
evidence of significant publication bias either with the 
Egger’s test (P = 0.272) or Begg’s test (P = 0.528). 

DISCUSSION

Results of our meta-analysis support a positive 
association between dairy consumption and the risk of 
gastric cancer. There were substantial heterogeneity 
across studies of the associations of dairy consumption 
with gastric cancer risk. This is not surprising given the 
variation in definitions of food items in each questionnaire, 
characteristics of populations between studies, and analytic 
methodology. We conducted a meta-regression analysis to 
assess the effect of publication year, control type, sample 
size, geographical region, and exposure period on the 
heterogeneity. However, none was identified as a possible 

source of heterogeneity among all the included studies or 
among population-based case-control studies (P > 0.05 for 
all). As indicated by our subgroup analyses, the type of 
control combined with exposure period likely contributed 
to the observed heterogeneity.

In 11 studies with a positive association between 
dairy products consumption and gastric cancer, five 
studies attributed it to that case may drink more milk to 
control symptoms of the disease such as dyspepsia, four 
studies did not investigate the reason, one study thought 
it may due to design and type of the studies, sample 
size, genetic factors and different food habits, one study 
considered it may relate to inflammation due to lactose 
intolerance, or carcinogen contamination of the milk. The 
components in dairy products are complex. It is of interest 
to note that dairy products have some components that 
could potentially increase risk of certain cancer and other 
components could decrease it. For example, insulin-like 
growth factor (IGF-I) concentrations in cows’ milk have 
been reported to range from 6 to 162 ng/ml [63]. Insulin-
like growth factor type 1 receptor (IGF-IR) have been 
found expressing in surgical GC specimens [64]. IGF-IR 
is a cell membrane receptor that is activated by its ligands, 
IGF-I and IGF-II, then participates in cell proliferation, 
differentiation, prevention of apoptosis, and malignant 

Figure 1: In overall studies, risk estimates of dairy consumption associated with gastric cancer.
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Table 1: Summary of pooled odds ratio of gastric cancer for the highest vs. the lowest level of 
dairy intake by study design, geographical region, exposure period, and specific dairy products
Subgroup Number of studies Poole RR

(95% CI)
Q-test for heterogeneity P 
value (I2 score)

Study design
Case-control Hospital-based 16 1.22 (0.95–1.57) I2 = 85.2% P = 0.000

Population-based 13 1.27 (1.00–1.61) I2 = 83.0% P = 0.000
Cohort 5 0.99 (0.77–1.28) I2 = 47.3% P = 0.108
Geographical region

Europe 8 1.05 (0.84–1.32) I2 = 41.3% P = 0.103
Asia 14 1.11 (0.88–1.40) I2 = 85.4% P = 0.000
USA 7 1.06 (0.77–1.46) I2 = 79.4% P = 0.000
Latin America 3 1.76 (0.83–3.73) I2 = 84.7% P = 0.001

Exposure period
≥ 2 years prior 
to interview 

9 0.99 (0.78–1.26) I2 = 71.0% P = 0.001

≤ 1 years prior 
to interview 

8 1.35 (1.02–1.80) I2 = 84.5% P = 0.000

not specified 12 1.41 (0.93–2.14) I2 = 89.1% P = 0.000
Specific dairy products

Milk 21 1.44 (1.15–1.81) I2 = 82.7% P = 0.000
Dairy foods 20 1.08 (0.90–1.30) I2 = 78.7% P = 0.000
Cheese 5 1.22 (0.76–1.95) I2 = 77.0% P = 0.000

Figure 2: In those studies reported dairy and milk separately, risk estimates of gastric cancer associated with milk or 
dairy foods.
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transformation. However, additional studies need to be 
performed to provide evidence that IGF-I in milk has 
activity in the stomach where releases hydrochloric acid 
and remain highly acidic. In addition, several carcinogen 
in feedstuffs consumed by dairy animals could pass into 
milk. The International Agency for Research on Cancer 
(IARC) classified bracken fern (BF) in Group 2B, as 
possibly carcinogenic to humans. It has been discovered 
that ptaquiloside (Pta), which has been demonstrated to 
be the major carcinogen of BF, is indeed passed into milk 
[65]. Epidemiological studies reported a higher prevalence 
of gastric cancer in bracken fern-infested areas of northern 
Wales [13] and western Venezuela [66]. In Wales, milk has 
been postulated as a vector for carcinogenic compounds. 
Meanwhile, it is a worldwide problem that cows’ milk 
has been polluted by pesticides. In animal studies, many 
pesticides have been shown to be carcinogenic or tumor 
promoters. So, it is very important to ensure the dairy 
products with high hygienic standards.

On the other hand, estrogen in milk, which may 
contribute to the etiology of prostate cancer [67], may 
have a protective effect on gastric cancer. Recently, a 
nested case-control study within a prospective cohort, and 
meta-analysis demonstrated that the use of menopausal 
hormone therapy had a reduced risk of gastric cancer [68].  
Besides, several components in dairy products, including 

vitamin D, calcium, conjugated linoleic acids, may be 
responsible for a protective association between dairy and 
gastric cancer. 

Our study had several limitations that affected 
interpretation of the results. First, milk and dairy products 
are a collection of several products, the ambiguous or 
differing definitions of dairy items in each questionnaire 
may result in inaccurate estimates. In addition, 
measurement units for dairy intake varied and intake 
levels ranged widely across the studies included in our 
meta-analysis. For example, the lowest intake categories 
ranged from 0 to 89 g/d for dairy products.

Second, only English-language articles that had been 
published were included. We did not attempt to uncover 
unpublished observations and did not include studies with 
insufficient information to estimate an adjusted OR, which 
could bring publication bias, even though the Egger’s test 
and Begg’s test yielded the same conclusions without 
evidence of any potentially missed unpublished studies.

Third, in case-control studies, dairy food 
consumption among controls may not represent the target 
population, and bias is even more probable with hospital 
controls. Symptoms, such as dyspepsia, might impel cases 
to drink more milk. This differential information bias 
could lead to a misleading adverse effect. The results of 
stratified analyses by the exposure period seem support 

Figure 3: A forest plot showing risk estimates from population-based case-control studies, estimating the association 
between gastric cancer and dairy consumption by different geographical regions.
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this hypothesis. The association was significant positive 
when combined the studies assessing exposure one year 
or less prior to the interview, and turned to marginally 
significant when pooled the studies that dairy consumption 
was evaluated two or more years before interview. So it 
seems beneficial to screen by gastroscopy for the high-risk 
patients, especially for the crowd who recently increase 
the milk consumption. Observational cohort studies, in 
which the evaluation of diet is unaffected by symptoms, 
should ideally provide much more reliable evidence. The 
five cohort studies identified in this analysis showed 
neither a positive nor inverse association between dairy 
consumption and gastric cancer risk. 

MATERIALS AND METHODS

Search strategy

We identified relevant publications in the 
MEDLINE database using PubMed, Web of Science, and 
the Cochrane Library up to March 2016. The searches 
were limited to studies published in English. Search 
terms included ‘‘gastric cancer,’’ ‘‘stomach cancer,’’ or 
‘‘stomach neoplasm’’ combined with ‘‘dairy product,’’ 
‘‘milk,’’ or ‘‘diet”. The titles and abstracts were scanned 
to exclude any clearly irrelevant studies. The full texts of 
the remaining articles were read to determine whether they 

contained information on the topic of interest. In order not 
to omit relevant articles, the reference lists provided by the 
identified papers was additionally hand-searched.

Search selection

To be included in our meta-analysis, eligible studies 
had to fulfill all of the following inclusion criteria: 1) 
case–control or cohort study published as an original 
article, 2) papers reported in English between 1980 and 
March 2016, 3) the outcome of interest was gastric cancer 
incidence, 4) odds ratio (OR) or relative risk (RR) with 
corresponding 95% confidence intervals (CIs) for the 
highest versus lowest categories of dairy consumption 
were reported, and 5) adjustment made for potential 
risks. We excluded studies that reported date on mortality 
from gastric cancer. In studies with overlapping patients 
or controls, only the latest or the most informative were 
included. Any study with inconsistent or erroneous data 
was excluded. Meeting abstracts with insufficient data or 
unpublished reports were not considered (Figure 5).

Data extraction

Information from the included studies was extracted 
independently by two researchers (J.H. and S.W.). 
Conflicting evaluations were resolved by discussion. 

Figure 4: In population-based case-control studies, risk estimates of gastric cancer associated with different dairy 
consumption exposure period. NS: not specified; prior ≤ 1 y: evaluated dairy consumption one year or less prior to the interview; prior 
≥ 2 y: evaluated dairy consumption two or more years prior to the interview.
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If a consensus still could not be reached, the senior 
investigator (D.Z.) made the final decision.

We extracted the first author’s name, the year of 
publication, country in which the study was conducted, 
the study design, study period, sample size, mean age or 
age range of study subjects, dairy products consumption 
levels, the dairy product items, adjusted covariates, 
the method of assessment of dairy product intake, and 
exposure period. Quality assessment was performed 
based on the Newcastle-Ottawa Quality Assessment Scale, 
which is a validated scale for nonrandomized studies in 
meta-analyses. Considering the rare incidence of gastric 
cancer, the RR was assumed approximately the same as 
OR, and we report all results as OR for simplicity. Because 
the dairy product consumption categories varied between 
studies, we chose the highest and lowest levels of dairy 
product consumption categorized in each of the studies. 
Definitions of the levels used in each of the studies are 
shown in the ‘‘dairy product consumption levels’’ column 
of Supplementary Table 1. Our main analyses were 
focused on the associations between consumption of dairy 
and risk of gastric cancer. We used the reported OR for 
dairy intake when were provided. When gastric cancer 
risk was reported separately by several dairy items (e.g., 
milk or cheese), whole milk or milk was chosen because 

it is more widely consumed in the world than other items 
and contains all dairy substances and thus reflects the true 
nature of dairy. If both hospital and population controls 
were used for comparison separately, the result of the 
population control was chosen for the analysis. When a 
study provided more than one estimate, we selected the 
most completely adjusted estimate, and when results were 
available according to gender or ethnicity we included all 
estimates in the final analysis as if obtained from different 
studies. 

Statistical analysis

The data from individual studies were pooled by use 
of the random-effect model with the DerSimonian-Laird 
method [69], which considers within-study and between-
study variation. We performed subgroup analyses based 
on different kinds of dairy products (milk and cheese). 
Certain items, such as yogurt, butter, or ice cream were 
seldom assessed in individual reports, these analyses were 
not performed. Additional subgroup analyses were also 
carried out to examine the effects of the study design, 
geographic region, and exposure period. Sensitivity 
analyses were conducted by omitting one study in each 
turn to investigate the influence of a single study on the 

Figure 5: Flowchart of study selection process. HR, hazard ratios; OR, odds ratio; RR, relative risk; CIs, confidence intervals.
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overall risk estimate. The Q-statistic and I2 score were 
used to assess the between-study heterogeneity of results 
[70, 71]. Meta-regression analysis was used to assess 
the heterogeneity in publication year, study design, 
sample size, geographical region, and exposure period. 
Publication bias assessment was done using the Egger 
regression asymmetry test [72] and the Begg adjusted 
rank correlation test [73]. The statistical software used was 
Stata/SE 11.0 (Stata Corporation, College Station, TX), 
and the significance level was set to P < 0.05.

CONCLUSIONS

In conclusion, we found a positive association 
between dairy consumption and gastric cancer risk from 
current published case-control studies using meta-analysis. 
This association strengthened when dairy consumption 
exposure was assessed closer to the time of interview or 
diagnosis. Meanwhile, the five cohort studies showed 
either a positive or inverse association between dairy 
consumption and gastric cancer risk. This suggests that the 
relationship between dairy consumption and gastric cancer 
may be partly affected by study design. Therefore, further 
large prospective studies are warranted to confirm these 
findings and further efforts should be made to elucidate 
the underlying mechanism.
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