
Contents lists available at ScienceDirect

Cancer Epidemiology

journal homepage: www.elsevier.com/locate/canep

Alcohol intake and gastric cancer: Meta-analyses of published data versus
individual participant data pooled analyses (StoP Project)

Ana Ferroa, Samantha Moraisa, Matteo Rotac,d, Claudio Pelucchid, Paola Bertucciod,
Rossella Bonzid, Carlotta Galeoned, Zuo-Feng Zhange, Keitaro Matsuof, Hidemi Itof, Jinfu Hug,
Kenneth C. Johnsonh, Guo-Pei Yui, Domenico Pallij, Monica Ferraronid, Joshua Muscatk,
Reza Malekzadehl, Weimin Yem, Huan Songm,n, David Zaridzeo, Dmitry Maximovitcho,
Nerea Fernández de Larreap,q, Manolis Kogevinasq,r,s,t, Jesus Vioqueu, Eva M. Navarrete-Muñozu,
Mohammadreza Paksereshtl,v,w, Farhad Pourfarzil,x, Alicja Wolky,H, Nicola Orsiniy,
Andrea Bellaviay, Niclas Håkanssony, Lina Muz, Roberta PastorinoA, Robert C. KurtzB,
Mohammad H. DerakhshanC,l, Areti LagiouD, Pagona LagiouE,F, Paolo BoffettaG, Stefania BocciaA,
Eva Negric, Carlo La Vecchiad, Bárbara Peleteiroa,b, Nuno Luneta,b,⁎

a EPIUnit - Instituto de Saúde Pública, Universidade do Porto, Rua das Taipas, nº 135, 4050-600, Porto, Portugal
bDepartamento de Ciências da Saúde Pública e Forenses e Educação Médica, Faculdade de Medicina, Universidade do Porto, Al. Prof. Hernâni Monteiro, 4200-319, Porto,
Portugal
c Department of Biomedical and Clinical Sciences, University of Milan, Milan, Italy
d Department of Clinical Sciences and Community Health (DISCCO), University of Milan, Milan, Italy
e Department of Epidemiology, UCLA Fielding School of Public Health and Jonsson Comprehensive Cancer Center, Los Angeles, CA, USA
fDivision of Molecular Medicine, Aichi Cancer Center Research Institute, Nagoya, Japan
g Department of Epidemiology, Harbin Medical University, Harbin, China
h School of Epidemiology, Public Health and Preventive Medicine, Faculty of Medicine, University of Ottawa, Ottawa, Ontario, Canada
iMedical Informatics Center, Peking University, Peking, China
jMolecular and Nutritional Epidemiology Unit, Cancer Research and Prevention Institute - Istituto per lo Studio e la Prevenzione Oncologica (ISPO), Florence, Italy
k Department of Public Health Sciences, The Pennsylvania State University College of Medicine, Penn State Hershey Medical Center, Hershey, PA, USA
l Digestive Oncology Research Center, Digestive Disease Research Institute, Tehran University of Medical Sciences, Tehran, Iran
mDepartment of Medical Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden
n Center of Public Health Sciences, Faculty of Medicine, University of Iceland, Reykjavík, Iceland
o Department of Epidemiology and Prevention, Russian N.N. Blokhin Cancer Research Center, Moscow, Russia
p Environmental and Cancer Epidemiology Unit, National Center of Epidemiology, Instituto de Salud Carlos III, Madrid, Spain
q CIBER Epidemiología y Salud Pública (CIBERESP), Madrid, Spain
r ISGlobal, Centre for Research in Environmental Epidemiology (CREAL), Barcelona, Spain
s IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain
tUniversitat Pompeu Fabra (UPF), Barcelona, Spain
uMiguel Hernandez University and ISABIAL-FISABIO Foundation, Campus San Juan, Alicante, Spain
v Department of Agricultural, Food and Nutritional Sciences, University of Alberta, Edmonton, Alberta, Canada
wNutritional Epidemiology Group, Centre for Epidemiology and Biostatistics, University of Leeds, Leeds, UK
x Digestive Diseases Research Center, Ardabil University of Medical Sciences, Ardabil, Iran
yUnit of Nutritional Epidemiology, Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden
z Department of Epidemiology and Environmental Health, School of Public Health and Health Professions, University at Buffalo, Buffalo, NY, USA
A Section of Hygiene - Institute of Public Health; Università Cattolica del Sacro Cuore, IRCCS Fondazione Policlinico “Agostino Gemelli”, L.go F. Vito, 1 – 00168, Rome,
Italy
B Department of Medicine, Memorial Sloan Kettering Cancer Centre, New York, NY, USA
C Institute of Cardiovascular & Medical Sciences, University of Glasgow, Glasgow, United Kingdom
D Department of Public Health and Community Health, School of Health Professions, Athens Technological Educational Institute, Athens, Greece
EDepartment of Hygiene, Epidemiology and Medical Statistics, School of Medicine, National and Kapodistrian University of Athens, Athens, Greece
FDepartment of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA
G The Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA
HDepartment of Surgical Sciences, Uppsala University, Uppsala Sweden

https://doi.org/10.1016/j.canep.2018.04.009
Received 21 August 2017; Received in revised form 16 April 2018; Accepted 17 April 2018

⁎ Corresponding author at: Departamento de Ciências da Saúde Pública e Forenses e Educação Médica, Faculdade de Medicina, Universidade do Porto, Alameda Prof. Hernâni
Monteiro, 4200-319, Porto, Portugal.

E-mail address: nlunet@med.up.pt (N. Lunet).

Cancer Epidemiology 54 (2018) 125–132

Available online 16 May 2018
1877-7821/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/18777821
https://www.elsevier.com/locate/canep
https://doi.org/10.1016/j.canep.2018.04.009
https://doi.org/10.1016/j.canep.2018.04.009
mailto:nlunet@med.up.pt
https://doi.org/10.1016/j.canep.2018.04.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.canep.2018.04.009&domain=pdf


A R T I C L E I N F O

Keywords:
Gastric cancer
Individual participant data
Meta-analysis
Pooled analysis
Alcohol
Publication bias

A B S T R A C T

Background: Individual participant data pooled analyses allow access to non-published data and statistical re-
analyses based on more homogeneous criteria than meta-analyses based on systematic reviews. We quantified
the impact of publication-related biases and heterogeneity in data analysis and presentation in summary esti-
mates of the association between alcohol drinking and gastric cancer.
Methods: We compared estimates obtained from conventional meta-analyses, using only data available in
published reports from studies that take part in the Stomach Cancer Pooling (StoP) Project, with individual
participant data pooled analyses including the same studies.
Results: A total of 22 studies from the StoP Project assessed the relation between alcohol intake and gastric
cancer, 19 had specific data for levels of consumption and 18 according to cancer location; published reports
addressing these associations were available from 18, 5 and 5 studies, respectively. The summary odds ratios
[OR, (95%CI)] estimate obtained with published data for drinkers vs. non-drinkers was 10% higher than the one
obtained with individual StoP data [18 vs. 22 studies: 1.21 (1.07–1.36) vs. 1.10 (0.99–1.23)] and more het-
erogeneous (I2: 63.6% vs 54.4%). In general, published data yielded less precise summary estimates (standard
errors up to 2.6 times higher). Funnel plot analysis suggested publication bias.
Conclusion: Meta-analyses of the association between alcohol drinking and gastric cancer tended to overestimate
the magnitude of the effects, possibly due to publication bias. Additionally, individual participant data pooled
analyses yielded more precise estimates for different levels of exposure or cancer subtypes.

1. Introduction

Systematic reviews have the potential to settle controversies arising
from apparently conflicting findings and to answer questions not di-
rectly addressed by single studies, as well as to enhance the precision of
effect measures [1–4]. Individual participant data pooled analyses are
considered more capable of overcoming some of the limitations of
systematic reviews and meta-analyses of published data [5], since they
allow access to data not previously published and statistical reanalysis
based on more homogeneous criteria [3]. However, individual partici-
pant data pooled analyses require much more complex and costly
management of data, as well as coordination of the underlying con-
sortium of research groups, and the gains in terms of precision and
validity of the results may be expected to vary with the topic being
addressed. Comparisons of individual participant data pooled analyses
with meta-analyses based on the published data from the same studies
contribute to understand the extent to which conventional meta-ana-
lyses may be biased or lack statistical power, and different results may
be expected for distinct research questions.

The World Cancer Research Fund reported evidence of a probable
association between alcohol drinking and gastric cancer in April 2016.
There were no individual participant pooled analyses for this exposure
in that update [6]. The Stomach Cancer Pooling (StoP) Project [7] has
recently published a pooled analysis assessing the association between
alcohol intake and gastric cancer, based on information from more than
10,000 cases and 26,000 controls evaluated in 20 studies conducted in
10 countries. Heavy drinkers, defined as those drinking more than six
drinks per day, had a significant excess risk of gastric cancer of ap-
proximately 50%, compared to never drinkers [8]. That study includes
results from studies that never addressed this topic before and was
based on more homogeneous methodological approaches, namely re-
garding the definition of alcohol intake and control of confounding.
Therefore, it adds to previous evidence supporting a potential role of
alcohol as a probable risk factor for gastric cancer [9–14], specifically
for three or more drinks per day [6].

In the present study, we provide quantitative estimates of the im-
pact of publication biases and heterogeneity in data analysis and pre-
sentation, in the summary estimates of the association between alcohol
drinking and gastric cancer obtained from conventional meta-analyses.
We used data available in previously published reports from studies
that take part in the Stomach Cancer Pooling (StoP) Project, for com-
parison with individual participant data pooled analyses including the
same studies.

2. Methods

2.1. Individual participant data meta-analysis

The StoP Project is a consortium of case-control studies (including
nested case-control within cohort studies), including at least 80 in-
cident, histologically confirmed, gastric cancer cases [7]. The StoP
Project received ethical approval from the University of Milan Review
Board.

The first release of the StoP Project dataset included 23 case-control
studies, comprising 10,290 cases (6,804 men, 3,486 women) and
26,145 controls (15,600 men, 10,545 women) from Greece [15], Italy
(four studies) [16–19], Portugal [20], Russia [21], Spain (two studies)
[22,23], Sweden (three studies, two of which were nested in cohort
studies) [24,25], China (four studies) [26–29], Iran (three studies)
[30–32], Japan [33], Canada [34] and the United States of America
(USA) (two studies, one of them unpublished) [35].

The association between alcohol drinking and gastric cancer was
estimated through a two-stage modeling approach [8]. Briefly, in the
first stage, the association between alcohol drinking and gastric cancer
for each study was assessed through multivariable logistic regression
models that included, whenever available, terms for age, sex, educa-
tion/social class, smoking, fruit and vegetable consumption, study
center (for multicenter studies), as well as terms for the matching
variables, when applicable. In the second stage, the pooled effects es-
timates were computed using a random-effect models, through the
DerSimonian and Laird method [36]. This was performed for the
comparison of the following levels of exposure: 1) drinkers vs. non-
drinkers; 2) drinkers of less than one drink per day vs. non-drinkers; 3)
drinkers of one to four drinks per day vs. non-drinkers; 4) drinkers of
over four drinks per day vs. non-drinkers. Heterogeneity was quantified
using the I2 statistic [37].

2.2. Meta-analysis of published data

2.2.1. Search strategy
The strategy to identify all published reports from the 23 studies

included in the first version of the StoP Project database is depicted in
Supplementary Fig. 1.

We searched PubMed, from inception to December 31, 2016, and
conducted forward citation tracking of the reference provided in the
StoP Project presentation paper to identify papers based on the same
dataset, through Google Scholar and Web of ScienceTM. The responsible
investigators for each study were then asked to confirm if all published
reports of results from their study had been included, and no additional
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