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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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articles were identified.

2.2.2. Data extraction and meta-analysis
Two investigators (AF, SM) evaluated independently the selected

studies to extract the following data from the original reports: first
author, publication year, country, geographic area, number of cases and
controls, period of data collection, definition of alcohol consumption,
stratification variables and relative risk estimates (odds and hazard
ratios) for the association between alcohol drinking and gastric cancer,
along with the corresponding confidence intervals. Preference was
given to estimates adjusted for the largest number of confounders, al-
though crude estimates or data to compute them could also be extracted
when only these were available.

The assessment of alcohol consumption was mainly done through
questionnaires, with cases and controls describing frequency and total
amount of alcohol intake. However, the description of alcohol drinking
habits varied substantially among the reports. When possible, we chose
non-drinkers as the reference category, described in the original reports
as “non-drinkers”, “alcohol drinking: no”, “alcohol drinking: never”. In
several studies, occasional drinkers or drinkers of small quantities of
alcohol (defined according to quintiles of consumption) were included
in the reference category. In the case of the study Italy 3 [17], non-
drinkers included “individuals whose alcohol intake was less than seven
grams per day”, and in the study Spain 2 [23] never drinkers were those
who consumed less than one drink per month; the studies China 1 [26]
and 4 [29], Greece [15] and Italy 2 [19] had a category of low con-
sumption, either defined by the lowest quintile or the lowest amount of
alcohol intake, as reference.

Different units were used to express alcohol drinking: grams per
day, grams per week, kg per year, times per day, times per week, drinks
per day, servings per week, glasses per week and ml per month. We

converted them to drinks per day assuming the following equivalences:
1 drink= 12 g of pure ethanol and 1ml=0.8 g of ethanol [38]. In
order to identify categories of current alcohol consumption corre-
sponding to the exposure closest to less than one drink per day, one to
four drinks per day and more than four drinks per day, we assumed that
each category corresponded to an exposure equal to the midpoint of the
respective category range and that the open-ended categories had the
amplitude of the preceding stratum (e.g.: for surveys reporting≤ 2,
2–4, 4–6, ≥6 drinks per day, 1 and 7 were the midpoints assigned to
the lowest and highest category, respectively).

Data were also extracted according to cancer location within the
stomach. For the purpose of analyses, results referring to “cardia’’ or
“esophagus and gastric cardia” cancers were taken as equivalent to
cancer of the gastric cardia, and “distal’’, “non-cardia” or “all others” as
equivalent to cancers not located in the cardia.

Meta-analyses were conducted following as close as possible the
analyses described for the individual participant data pooled analyses.
The DerSimonian and Laird method [36] was used to pool the estimates
calculated for each study. Heterogeneity was quantified using the I2

statistic [37].

2.3. Comparison between meta-analyses of published data and of individual
participant data

The meta-analyses of published data and individual participant data
were compared regarding the number of studies included, the estimates
obtained and corresponding precision, as well as heterogeneity of re-
sults. For each of these items, the ratios of the values obtained in
conventional meta-analysis and individual participant data pooled
analyses (ratio MA/StoP) were computed, assuming the latter as the
gold standard.

Fig. 1. Forest plots describing the association between alcohol drinking and gastric cancer, with non drinkers as reference, using the estimates from the Stomach
Cancer Pooling (StoP) Project database and from the published reports of the same studies.
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Funnel plots and Egger’s regression asymmetry test were used for
the assessment of publication bias [4].

All statistical analyses were performed using STATA® statistical
software package version 11.2 (StataCorp., College Station, Texas,
USA).

3. Results

3.1. Individual-participant data pooled analysis

Twenty-two out of the 23 studies included in the first version of the
StoP Project database had information to compute an estimate of the
risk of gastric cancer for drinkers vs. non-drinkers [Odds Ratio (OR)
(95% Confidence Interval (CI)): 1.10 (0.99–1.23)] (Fig. 1 and Supple-
mentary Table 1).

An excess of gastric cancer risk was observed in drinkers compared
to non-drinkers (Table 1), with the strongest association being observed
for drinkers of more than four drinks per day [1.37 (1.19–1.58)].

3.2. Meta-analysis of published data

A total of 192 reports from the set of 23 studies included in the first
release of the StoP Project dataset were identified in the systematic
literature search: two from Greece, 86 from Italy, eight from Portugal,

four from Russia, four from Spain, 29 from Sweden, 22 from China,
three from Iran, 18 from Japan, 10 from Canada and six from the USA
(Supplementary Table 2).

The analyses were performed using information extracted from 21
reports, providing data for 18 of the 23 original studies from StoP. Five
studies (Iran 3, Portugal, Spain 1, Sweden 2 and USA 2) had no pub-
lished data on the relation between alcohol drinking and gastric cancer.
The reports from four studies (Greece, Spain 2, China 2 and Iran 2)
provided only crude estimates of the association between alcohol
drinking and gastric cancer, or the necessary information to compute
them. A detailed description of each study and corresponding results
included in the conventional meta-analysis is provided in
Supplementary Table 2. The corresponding summary OR estimates for
the comparison of drinkers vs. non-drinkers are presented in
Supplementary Table 1 and depicted in Fig. 1; study specific estimates
obtained from published reports more often supported a stronger as-
sociation between alcohol drinking and gastric cancer.

3.3. Comparison between conventional meta-analyses and individual
participant data pooled analyses

Table 1 and Fig. 2 show the comparison between conventional
meta-analyses and individual participant data pooled analyses.

Data on the comparison between drinkers and non-drinkers were

Fig. 2. Graphic representation of the results of conventional meta-analyses (MA) and individual participant data pooled analyses (StoP) for the number of studies and
odds ratio, standard error and heterogeneity estimates, according to the different levels of exposure compared with non-drinkers.
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available for a larger number of studies (18 of 22). The summary OR
obtained with published data was about 10% higher than the one ob-
tained with the StoP data (1.21 vs. 1.10) with a higher standard error
(ratio MA/StoP=1.20) and greater heterogeneity (ratio MA/
StoP= 1.17). Sensitivity analyses conducted by removing each study at
a time did not meaningfully change the results obtained with the StoP
data or the meta-analyses of published data. Among the published re-
ports there were 14 studies providing adjusted estimates; the corre-
sponding summary estimates were also higher than those obtained with
the StoP data from the same studies (1.19 vs 1.14).

For specific cancer locations and levels of exposure, the differences
between meta-analyses were mainly regarding the number of studies
and the precision of the estimates. For gastric cardia and non-cardia
cancers, the ratios MA/StoP were 0.33 and 0.28, for the number of
studies, respectively, and the standard error was 80% and 38% higher,
respectively, than the ones from the individual participant data pooled
analyses. Regarding the number of drinks per day, only around one-fifth
of the StoP studies had published reports with this information, re-
sulting in more imprecise estimates than the ones from the individual
participant pooled analyses. For example, only four out of 18 studies
had published data for drinkers of one to four drinks per day.

The visual inspection of the funnel plot and Egger’s test (P=0.001)
are suggestive of publication bias only for the meta-analysis of pub-
lished data (Fig. 3).

4. Discussion

We observed that, for the comparison between drinkers and non-
drinkers, the use of published data overestimated the association with
gastric cancer. For various categories of exposure considered, the esti-
mates obtained with both published and individual participant data
were similar, although the latter were generally less heterogeneous and
more precise.

Most previously published meta-analyses addressing the relation
between heavy alcohol drinking and gastric cancer reported significant
positive associations, particularly with an increasing number of drinks
per day [9–11,13,14], although with lower magnitude than the esti-
mates obtained in the present individual participant pooled analyses.
Tramacere et al [9], using information from 10 case-control studies,

estimated a 1.22 (95% confidence interval: 0.98–1.52) OR for heavy
drinkers (defined as those drinking more than four drinks per day) and
Bagnardi et al [11], with 11 case-control studies, estimated a similar
estimate [Relative risk (RR) (95% CI): 1.22 (0.97–1.54)] for the same
amount of drinks. Meta-analyses that assessed the association using
information from cohort studies obtained summary estimates lower
than the ones from the present analyses, [9,11,12] though in the most
recent meta-analysis a statistically significant association was observed
only among cohort studies, for categories of heavy drinking [11].

The differences between the summary estimates obtained in the
previous meta-analyses and in the present pooled analysis may be ex-
plained by differences in the characteristics of the original studies in-
cluded and by avoidance of publication bias and improved homo-
geneity. However, comparisons between published and unpublished
data reflect essentially publication biases and heterogeneity in data
analysis and presentation, and therefore the differences may vary across
different sets of studies, according to the extent to which less favorable
results are not published or made available with less detail.

For the present study, we obtained the most complete data possible
from all the eligible studies of the StoP Project and we were able to set
the results based on a reanalysis of the original studies, using uniform
criteria, as the reference for comparison with a conventional meta-
analysis. Our results could overestimate the differences between the
two strategies of synthesis, because authors of a conventional meta-
analysis may contact the authors of the original studies seeking addi-
tional data to complement those available in the published reports.
However, a large proportion of systematic reviews are based only on
published data, and attempts to retrieve additional data by contacting
the authors from the original studies are often unsuccessful [39,40].
When comparisons between meta-analysis and pooled analysis are
based on a different number of studies, disagreements may also reflect
differences in the characteristics of the studies considered for each of
these strategies of synthesis. In the present study, the OR estimates were
very similar for the meta-analysis and the pooled analysis, and the most
important differences were in terms of enhanced precision and homo-
geneity among the pooled analysis.

The definition of non-drinkers varied substantially across studies; in
some cases they included infrequent drinkers [15,19,23,41,42], while
in others the term non-drinker was not further defined [43,44]. As it

Fig. 3. Funnel plot of the Stomach Cancer Pooling (StoP) Project studies evaluating the risk of gastric cancer for drinkers vs. non-drinkers, using published data (one
estimate per study) and individual participant data from the StoP Project database.
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was not possible to organize, from the published data, all individuals
into a common definition of non-drinker, the specific definition from
each study was used, which may have contributed to the observed
heterogeneity. This is a common issue when analyzing the effect of
alcohol intake and is discussed in several meta-analyses for the asso-
ciation between alcohol and cancer [14,45,46]. Such a lack of a
common definition should have led to an underestimation rather than
an overestimation of the association with alcohol in the meta-analyses
as compared to the pooled analyses. In addition, the latter are expected
to yield more precise and valid RR estimates, namely by accounting for
the potential confounding effect of socioeconomic status, fruit and ve-
getables consumption and tobacco smoking, [36] while also decreasing
heterogeneity [2,47].

Studies comparing the results from published literature vs. in-
dividual participant data [48,49] concluded that, although the direc-
tion and magnitude of the associations may differ between methods, the
main difference and advantage of pooled analyses is the number of
individuals/studies available, allowing for more precise and statistically
significant estimates [49]. We have previously compared the same set
of reports with the individual data present in the StoP Project database
regarding the association between smoking and gastric cancer, and
observed that, for all exposure categories considered, StoP included a
larger number of studies and had more information available to per-
form stratified analyses, particularly regarding cancer location and
amount of cigarettes smoked per day [50]. The same pattern was ob-
served in the present work, namely regarding the number of drinks
consumed per day, with the StoP database including a larger number of
studies with this information and, therefore, allowing for a dose-re-
sponse analysis, as previously shown [36]. In conclusion, the differ-
ences between the estimates obtained from published and individual
participant data highlight the importance of individual participant
pooled data for a more comprehensive and valid appraisal of the evi-
dence available.
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