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Abstract

Background: The effect of alcohol consumption on overall cancer incidence is not clear. The aim of the paper is to estimate the impact
of alcohol consumption on risk distribution of the 20 most common cancer types among men and women in the Western world.

Methods: A meta-analysis of relative risks for the 20 most common cancer types potentially associated with alcohol consumption in the
Western world was conducted based on the most recent cancer specific meta-analyses. Cancer risks were compared between men and
women applying a sigmoidal dose response model.

Results: Drinking 2.5-14.9 g alcohol/day was associated with a small decrease in overall cancer incidence: 0.977 for men and 0.974
for women; followed by a small increase in the 15-29.9 g/day category: 1.029 for men and 1.077 for women. Further increases were
observed in the 30-60 g/day category indicating a 5 and 10% increase in overall cancer risk for men and women, respectively. Women
appeared to be more sensitive: the alcohol consumption level to acquire overall risk increase is 22 g/day for women and 46 g/day for
men.

Conclusion: Moderate alcohol consumption (up to 15 g/day) is not associated with the incidence of the 20 most common cancer types
in the Western world in contrast to higher consumption.

Keywords: Alcohol Consumption; Cancer Risk; Meta-Analyses

Introduction

Cancer is a leading cause of death in the Western world. The overall cancer death rate, however, has started to decline since the
early 1990s [1,2]. Apart from significant progress in the treatment of various cancers, more attention is now focused on cancer
prevention.

Many factors affect cancer incidence. Important risk factors most of which are lifestyle factors are: smoking, obesity, infections,
physical inactivity, diet, occupational hazards, alcohol, reproductive factors, UV light/radiation, environmental pollutants and
prescribed drugs. Their contribution to cancer incidence is considered to be relatively large, for smoking (about 30%), obesity
(about 20%) and infections (about 15%) [3,4]. Physical inactivity, diet and occupational hazards contribute for a smaller percentage
of about 5% each. The remainder risk factors contribute even less, with alcohol’s contribution being estimated at about 3% [3].

Heavy alcohol consumption has been linked to increased risk of several types of cancer including cancer of the female breast,
male prostate, colorectal cancer, cancers of the upper aero-digestive tract and some others [11]. The overall effect of moderate
and light alcohol consumption on cancer incidence is less clear [6,7]. Whereas some authors indicated a minimally increased
or no increased risk of overall cancer others have suggested that even light and moderate drinking significantly contribute to an
increased overall cancer risk [8-10].

Overall cancer risk is difficult to evaluate since cancer consists of various diseases, each bearing specific characteristics. Also, the
association of each type of cancer varies considerably with alcohol consumption: some cancers are positively associated; others are
negatively associated or not associated with alcohol consumption at all. Also, dose dependency, threshold level, age and gender
may affect the association. Moreover, when the risk factor alcohol is considered for its contribution to cancer incidence, usually
the positively associated cancer types are included only [11]. In this paper, the 20 most common cancer types were used to study
the potential impact of alcohol consumption on cancer incidence, irrespective of their association with alcohol.
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In this paper, the associations between alcohol consumption and cancer risk of the 20 most common cancer types in both men and
women in the Western world are described. Specifically, the relative importance of light and moderate alcohol consumption versus
heavy drinking is discussed. Data published in meta-analyses of Western world epidemiological studies were used. The twenty
most frequently occurring cancers in Europe were used as a representative of the Western world accounting for more than 80% of
all cancers that have been researched for their association with alcohol consumption in a high-quality recent meta-analysis [12].
Moreover, a sigmoidal dose response model is presented to quantify the association between alcohol intake and cancer incidence
risk in both men and women.

Methods
Study Design

A systematic literature search was conducted to evaluate the association between alcohol consumption and overall cancer
incidence. To that purpose the twenty most common cancer types in Europe were selected as published in http://eco.iaarc.fr/
eucan/Cancer.aspx?Cancer, which contained data from 2012 onwards (Table 1). The cancer types identified were: female breast,
prostate, colorectal, lung, bladder, renal, gastric, ovarian, non-Hodgkin lymphoma, skin, pancreatic, leukemia, liver, esophageal,
larynx, brain glioma, multiple myeloma, gall bladder, thyroid and Hodgkin lymphoma. Some cancer types considered not to be
associated with alcohol consumption were also included, to assure coverage of the most common types of cancers in the Western
world. In contrast, others considered to be strongly associated with alcohol consumption, such as cancers of the oral cavity and
pharynx, were not included because these cancers did not belong to the 20 most common cancers in Europe. Gender differences
in cancer incidence were assessed via Chi-square or Fisher-exact analysis with one degree of freedom, depending on the level
of expectation [13]. Since the overall cancer rate consisted of those of various types of cancers, to evaluate a gender difference
16 degrees of freedom were applied, not taking into account the gender-specific ones. A p-value below 0.05 was considered to
demonstrate a statistically significant difference.

. Age standardized rate Percentage contribution | Age standardized rate Percenﬁage contribution
per 100,000 men in men per 100,000 women in women
1 Breast cancer* 0 0 106.6 39.2
2 Prostate cancer* 105.5 26.8 = =
3 Colorectal cancer* 59 15.0 36.1 13.3
4 Lung cancer* 66.3 16.8 26.1 9.6
5 Bladder cancer* 29.1 7.4 6.1 2.2
6 Renal cancer 17.4 4.4 8 24
7 Gastric cancer 15.2 3.9 7.1 2.6
8 Ovarian cancer* - - 12.6 4.6
g | NonFHodgkinlym- 13.8 35 9.6 3.5
phoma

10 Skin cancer 13.2 34 13.1 4.8
11 Pancreatic cancer 12.2 3.1 9 3.3
12 Leukemia 11.8 3.0 7.1 2.6
13 Liver cancer 11.1 2.8 3.6 1.3
14 Esophageal cancer* 8.4 2.1 2 0.7
15 Larynx cancer* 8.3 2.1 0.9 0.3
16 | Glioma, brain cancer 8.1 2.1 5.9 2.2
17 Multiple myeloma 5.5 1.4 3.7 1.4
18 Gall bladder cancer 2.8 0.7 3.1 1.1
19 Thyroid cancer 3.5 0.9 9.3 34
20 | Hodgkin lymphoma 2.6 0.7 2.1 0.8

Total 393.8 100.1 272 99.3

Table 1: Incidence of twenty most common cancer types possibly associated with alcohol drinking in men and women of the European Union”
AData obtained from database: http://eco.iarc.fr/eucan/Cancer.aspx?Cancer.

*significant difference between men and women was assessed by Chi-square or Fisher exact with 1 degree of freedom applying a p-value below
0.05, except for total cancer (19 degrees of freedom).

Literature Search

Publications were identified in June 2017 searching PubMed bibliographic databases for publications in English using the following
keywords: cancer, alcohol and meta-analysis. These keywords were combined with the specific cancer type (e.g. breast) selecting
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further with the options ‘review’ as articles type and ‘10 years’ for publication dates. Completeness was verified by a hand search
on the most relevant journals of epidemiology and medicine and by comparing our search with that of general reviews and
meta-analyses published on this topic. This search yielded 479 publications. Further selection criteria included: meta-analysis,
meta-analysis on Western countries mainly (>80% of all persons included), meta-analysis with the highest number of studies and
meta-analysis describing a dose-effect relation using relevant drinking categories. Finally the inclusion criterion ‘most recent’ was
applied. Life time alcohol intake data were always preferred to baseline alcohol intake data in order to obtain the highest sensitivity
in the outcome of the respective meta-analyses. From the 479 meta-analysis initially identified 34 meta-analyses were considered
for use in this paper, finally including 20 papers fulfilling all selection criteria (Figure 1).

PubMed search on cancer,
alcohol and meta-analysis
479 papers

— Not relevant; treatment, etc.
389 papers

90 meta-analyses

Not recent, no dose-response,
no Western cohorts
70 papers

20 meta-analyses

Figure 1: Schematic overview of search results

Associations expressed as hazard ratio, odds ratio and relative risk were treated as if they were all representing risk more or less
the same way. Additionally, information from fully adjusted models was used when various models were presented in the meta-
analyses selected. Importantly, meta-analyses containing Western cohorts mainly, were studied because associations for Eastern
countries appeared to differ substantially for some cancers [14]. This was specifically the case for liver cancer for which there
appeared to be no meta-analysis available that only comprised European and American cohorts. In general, the highest liver
cancer incidences are found in Eastern and Southeastern Asia and parts of Africa among both sexes [15]. Therefore, one of the
most recent meta-analyses comprising only about 50% Asian studies was used [16].

Alcohol Drinking Categories

Intake was reported in grams of alcohol/day. Alcohol drinking categories were subdivided as follows: a non-drinking/occasional
drinking control category of 0-2.5 g alcohol/day, 2.5-14.9 g alcohol/day, 15-29.9 g alcohol/day, 30-60 g alcohol/day and more than
60 g alcohol/day. The non-drinking / occasional drinking control group was chosen to minimize bias due to previous disease (sick
quitters) and other confounders. For translation into common practice, a standard glass of alcoholic beverage was defined as 250
ml of beer, 100 ml of wine and 35 ml of spirits. This means that each standard glass alcoholic beverage contains about 10 g alcohol,
which is the Dutch measure of a standard drink.

Estimation of Overall Cancer Risk

The overall contribution of alcohol consumption to cancer risk was estimated by totaling all available separate associations
corrected for their relative contribution to overall cancer incidence. Overall incidence was estimated by multiplying the relative
risk described for a specific cancer type in a specific drinking category with the relative incidence of that cancer type in the
population [17]. Gender specificity was taken into account using both the gender specific alcohol related associations and the
gender specific cancer type incidences.

Modelling Cancer Risk

Various models (such as polynomial and pseudo-Hill) were evaluated to analyze the association between alcohol consumption
and cancer risk. A three-parameter logistic equation via a sigmoidal dose response (Hill) approach provided the best fit and the
highest coverage of explained variation, as established via R? [18]. The various alcohol consumption categories were transformed
to values being the average of the minimum and maximum value of that category. For the highest drinking category (more than
60 g alcohol/day), the value was set at 75 g alcohol/day using the same increase from the minimum value used for the previous
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category (30 to 60 with a mean of 45). Increasing or decreasing this mean value of the highest category did not substantially affect
the outcome of the model.

The overall formula of the sigmoidal dose response model was:

(maximum — mim'mum)
(1 n 10(10gEC507x) )

Y = minimum +

in which:

Y: risk contribution per gender

X: mean of alcohol consumption category

logEC50: value at which 50% of the maximum effect is obtained

To compare the outcome of the impact by alcohol consumption on cancer risk between the various cancer types, the logEC50
value was used representing the inflection point of the model curve. The logEC50 value represents the dose at which 50% of the
maximum effect has been reached. Since the effect could be an increase or a decrease, the direction of impact at logEC50 values is
indicated as well. The sigmoidal approach was not only used for the various types of cancer but also for overall cancer risk and for
comparing men and women. However, in some cancers no asymptotic level existed in risk in relation to alcohol consumption level.
A parabolic function better reflected the association in those cases; a logEC50 value could, however, not be calculated.

Results

Incidences of the twenty most abundant cancer types in Europe are specified in Table 1, expressed as both the age standardized
rate per 100,000 as well as the percentage contribution. Incidences are given for men and women separately.

Breast cancer and prostate cancer are the most abundant cancer types for women and men, respectively; both cancer types have
been reported to be positively associated with alcohol drinking. From this table, it becomes clear that the following cancers were
more observed in men than in women: colorectal, lung, bladder, esophageal, and larynx as demonstrated via Chi-square analysis.
Overall the total incidence of the most commonly acquired cancers was not significantly higher in men than in women.

Seven and thirteen cancer types contributed less than an age-standardized rate of 10 per 100,000 for men and women, respectively.

Relative Risk for Men Relative Risk for Women
Alcohol (g/day) 0-2.5 | 2.5-14.9 | 15-29.9 | 30-60 | >60 | 0-2.5 | 2.5-14.9 | 15-29.9 | 30-60 | >60
Cancer type

1 Breast cancer(21) 1 1 1 1 1 1 1.02 1.20 1.20 | 1.15
2 Prostate cancer(16) 1 1.04 1.06 1.06 | 1.04 1 1 1 1 1
3 Colorectal cancer(36) 1 1.06 1.13 1.27 | 1.35 1 1.06 1.13 1.27 | 1.35
4 Lung cancer(23) 1 0.80 0.81 0.68 | 091 1 0.80 0.81 0.68 | 0.91
5 Bladder cancer(37) 1 1 0.98 0.97 | 0.97 1 1 0.98 0.97 | 0.97
6 Renal cancer(38) 1 0.85 0.73 0.66 | 0.60 1 0.85 0.68 0.54 | 0.54
7 Gastric cancer(39) 1 1.03 1.13 1.17 | 1.12 1 1.03 1.13 1.17 | 1.12
8 Ovarian cancer(40) 1 1 1 1 1 1 1.02 1.18 1.13 | 1.13
9 | Non-Hodgkin lymphoma(41) 1 0.88 0.87 0.87 | 0.84 1 0.88 0.87 0.87 | 0.84
10 Skin cancer(42) 1 1.11 1.25 1.55 1.55 1 1.11 1.25 1.55 1.55
11 Pancreatic cancer(43) 1 0.98 0.93 1.18 | 1.18 1 0.97 0.93 1.07 | 1.07
12 Leukemia(44) 1 0.88 0.90 0.97 | 0.97 1 0.88 0.90 0.97 | 0.97
13 Liver cancer(16) 1 1.05 1.08 1.08 | 1.59 1 0.81 1.24 1.24 | 3.89
14 Esophageal cancer(45) 1 1.17 2.34 234 | 5.73 1 1.17 2.34 234 | 5.73
15 Larynx cancer(46) 1 0.88 1.47 1.47 | 2.62 1 0.88 1.47 147 | 2.62
16 | Glioma, brain cancer(47, 48) 1 1 1 1 1 1 1 1 1 1
17 Multiple myeloma(49) 1 0.96 0.89 0.85 | 0.98 1 0.96 0.89 0.85 | 0.98
18 Gall bladder cancer 1 1 1 1 1 1 1 1 1 1
19 Thyroid cancer(50) 1 0.83 0.75 0.80 | 0.80 1 0.80 0.73 0.71 0.80
20 Hodgkin lymphoma(51) 1 0.71 0.73 0.73 | 0.74 1 0.71 0.73 0.73 | 0.74

Table 2: Relative risks for twenty cancer types reported to be possibly associated with
alcohol drinking in the Western world in both men and women per alcohol consumption
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The relative risks for all twenty cancer types as a function of alcohol consumption are specified in Table 2 for men and women
separately. Breast cancer risk was previously estimated to increase by about 10% per 10 g alcohol [19], but more recent studies
estimated these percentages to be somewhat lower [20,21]. An abundant cancer type, positively associated with alcohol
consumption in both men and women, colorectal cancer, is increasing up to relatively high incidences at high consumption levels.
Another high incidence cancer, lung cancer, on the other hand, is negatively associated with alcohol consumption in both genders.
Bladder cancer, yet another high incidence type of cancer, appears to have no clear association with alcohol consumption.

Some cancer types with a lower incidence, defined as an age-standardized rate between 10 and 20 per 100,000 (e.g. renal and
non-Hodgkin lymphoma) are negatively associated with alcohol consumption whereas others (e.g. pancreatic and liver cancer)
are positively associated.

Liver cancer seems to occur more frequently in Eastern countries than in countries in the Western world [22]. The study by
Bagnardi et al. used in this paper, however, did not observe heterogeneity based on geographical area using studies form both the
Western and Eastern countries in a 50:50 ratio [16].

Risk contribution for twenty cancer types possibly associated with alcohol drinking in the Western World is specified in Table 3
for both men and women per alcohol consumption category.

Obviously, gender, as addressed via Chi-square evaluation (Table 1), affected the risk distribution for various gender specific
cancers, like breast, prostate and ovarian, but gender differences were also observed for other cancers, namely renal, pancreatic,
liver and thyroid cancer.

These contributions were combined to estimate the overall effect of alcohol consumption on the risk of acquiring cancer. The
total, specified at the bottom of Table 3, was 1 for the non-drinkers and very light drinkers (0 - 2.5 g alcohol/day). For the alcohol
consumption category of 2.5-14.9 g alcohol/day the overall cancer risk was estimated at 0.98 for men and 0. 97 for women, for
the alcohol consumption category of 15-29.9 g of alcohol/day the overall cancer risk was estimated at 1.03 and 1.08 for men and
women, respectively. Further increases were observed in the 30-60 g alcohol/day for men at 1.05 and for women at 1.10 indicating
a 5 and 10% increase in overall cancer risk for men and women respectively as compared to the non-drinkers and very light
drinkers.

Risk contribution for men Risk contribution for women
Alcohol (g/day) 0-2.5 | 2.5-14.9 | 15-29.9 | 30-60 >60 0-2.5 2.5 15- 30-60 >60
14.9 29.9
Cancer type Contr* Contr*
1 Breast cancer 0 0.000 0.000 0.000 0.000 | 0.000 39.2 0.392 0.400 0.470 | 0.470 | 0.451
2 Prostate cancer 26.8 | 0.268 0.279 0.284 0.284 | 0.279 0 0.000 0.000 0.000 | 0.000 | 0.000
3 Colorectal cancer 15.0 | 0.150 0.159 0.170 0.191 | 0.203 13.3 0.133 0.141 0.150 | 0.169 | 0.180
4 Lung cancer 16.8 | 0.168 0.134 0.136 0.114 | 0.153 9.6 0.096 0.077 0.078 | 0.065 | 0.087
5 Bladder cancer 7.4 0.074 0.074 0.073 0.072 | 0.072 2.2 0.022 0.022 0.022 | 0.021 | 0.021
6 Renal cancer 4.4 0.044 0.037 0.032 0.029 | 0.026 2.4 0.024 0.020 0.016 | 0.013 | 0.013
7 Gastric cancer 3.9 0.039 0.042 0.044 0.046 | 0.047 2.6 0.026 0.028 0.029 | 0.031 | 0.031
8 Ovarian cancer 0 0.000 0.000 0.000 0.000 | 0.000 4.6 0.046 0.047 0.054 | 0.052 | 0.052
g | Non }L‘;igi“ lym- 35 10035 0031 | 0030 | 0.030 | 0.029 | 3.5 0.035 | 0031 | 0.030 | 0.030 | 0.029
10 Skin cancer 3.4 0.034 0.038 0.043 0.053 | 0.053 4.8 0.048 0.053 0.060 | 0.074 | 0.074
11 Pancreatic cancer 3.1 0.031 0.030 0.029 0.037 | 0.037 33 0.033 0.032 0.031 | 0.035 | 0.035
12 Leukemia 3.0 0.030 0.026 0.027 0.029 | 0.029 2.6 0.026 0.023 0.023 | 0.025 | 0.025
13 Liver cancer 2.8 0.028 0.029 0.030 0.030 | 0.045 1.3 0.013 0.011 0.016 | 0.016 | 0.051
14 Esophageal cancer 2.1 0.021 0.025 0.049 0.049 | 0.120 0.7 0.007 0.008 0.016 | 0.016 | 0.040
15 Larynx cancer 2.1 0.021 0.018 0.031 0.031 | 0.055 0.3 0.003 0.003 0.004 | 0.004 | 0.008
16 Glioma, brain cancer 2.1 0.021 0.021 0.021 0.021 | 0.021 22 0.022 0.022 0.022 | 0.022 | 0.022
17 Multiple Myeloma 1.4 0.014 0.013 0.012 0.012 | 0.014 1.4 0.014 0.013 0.012 | 0.012 | 0.014
18 Gall bladder cancer 0.7 0.007 0.007 0.007 0.007 | 0.007 1.1 0.011 0.011 0.011 | 0.011 | 0.011
19 Thyroid cancer 0.9 0.009 0.007 0.007 0.007 | 0.007 3.4 0.034 0.027 0.025 | 0.024 | 0.027
20 Hodgkin lymphoma 0.7 0.007 0.005 0.005 0.005 | 0.005 0.8 0.008 0.006 0.006 | 0.006 | 0.006
Total 100.1 | 1.001 0.977 1.029 1.047 | 1.200 99.3 0.993 0.974 1.077 | 1.100 | 1.177

*Contribution to total cancer risk
Table 3: Risk contribution for twenty cancer types reported to be possibly associated with alcohol
drinking in the Western World in both men and women per alcohol consumption category
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The sigmoidal dose response model with logEC50 value was used to evaluate the impact of alcohol consumption (in g alcohol/day)
on cancer risk for the various types of cancer as well as for overall cancer (Table 4). Overall cancer risk showed a lower logEC50
value (value at which 50% of the potential maximum effect is obtained) for women (22.3 g) than for men (45.5 g), suggesting
that women are more sensitive to alcohol in terms of their overall cancer risk. The logEC50 was relatively low (at about 8 g
alcohol/day) in cancers such as breast cancer and prostate cancer suggesting that these cancers may be more sensitive to alcohol
consumption than other cancers. Other cancers like Hodgkin and non-Hodgkin may be less sensitive or may even have some
lower risk associated with alcohol consumption. The model did not show an increase or a decrease in cancer risk for two cancer
types (glioma (brain cancer) and gall bladder cancer) and the model could not fit the data for three cancer types (lung cancer,
multiple myeloma and leukemia) due to the absence of an asymptotic level. A parabolic function better described the associations
for those three cancer types: lung cancer (R% 0.83 for both men and women), leukemia (R% 0.16 for men and 0.20 for women) and
multiple myeloma (R* 0.97 for both men and women).

Men Women
Cancer type Direction* | logEC50 R2 logEC50 | R2
1 Breast cancer up --- --- 9.6 0.97
2 Prostate cancer up 8.2 0.90 --- ---
3 Colorectal cancer up 22.8 0.94 22.8 0.94
4 Lung cancer down N.A+ N.A.+ NA+ [ NA+
5 Bladder cancer down 22,5 1.00 33.8 1.00
6 Renal cancer down 8.7 0.92 224 0.90
7 Gastric cancer up 21.9 0.93 Dol 0.94
8 Ovarian cancer up --- --- 9.5 0.95
g | Non-Hodgkinlym- down 8.2 0.97 8.2 0.97
phoma
10 Skin cancer up 22.7 0.97 22.7 0.98
11 Pancreas cancer up 37.3 0.97 37.4 0.84
12 Leukemia down N.A+ N.A.+ N.A+ | NA+
13 Liver cancer up 52.7 0.96 54.4 0.95
14 Esophageal cancer up 45.6 0.93 45.6 0.93
15 Larynx cancer up 45.5 0.89 45.8 0.96
16 | Glioma, brain cancer absent& N.A+ N.A.+ NA+ | NA+
17 Multiple myeloma down N.A+ N.A.+ N.A+ | NA+
18 Gall bladder cancer absent& N.A.+ N.A.+ N.A+ | NA+
19 Thyroid cancer down 2.9 N.A. 8.1 0.92
20 | Hodgkin lymphoma down 2.9 1.00 2.9 1.00
Overall up 45.5 0.95 22.3 0.87

*up means increased risk; down means decreased risk with increasing alcohol consumption.
“absent: no clear increase or decrease in cancer risk observed

“not applicable: the (relative lack of) data did not allow a model fit

logEC50: alcohol consumption level (g/day) at which 50% of the effect is reached

R?: variation explained by the model

Table 4: The sigmoidal dose response model (Hill equation) parameters for the twenty most
common cancer types and overall cancer risk

Figure 2 shows the overall cancer risk of the 20 most common cancers in the Western world associated with alcohol consumption
based on the data fitted in to the sigmoidal dose response model. The model outcome in men was 1.00+0.20/(1+10“**** ), whereas
in women it was 0.98+0.16/(1+10%**'9), demonstrating an increased risk at lower alcohol consumption for women as compared to
men; cancer risk increases in women at a daily consumption level that is about half the level observed for men (22 g versus 46 g ).

Discussion

In the present meta-analysis we found that overall cancer risk in the 20 most common types of cancer in the western world are
slightly lower in the first drinking category (2.5-14.9 g alcohol/day) and slightly higher in the next two drinking categories (15 up
to 60 g alcohol/day) as compared to non-drinking. Overall cancer risk only increased substantially when drinking 60 g or more
alcohol/day. Women appeared to be more sensitive for an increased risk: the dose of alcohol to acquire half of the risk increase is
22 g/day for women and 46 g/day for men.
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Symbols represent the mean value per alcohol category. The solid line represents the men and the dotted line the women.
Figure 2: The sigmoidal dose response model for cancer risk of the 20 most common cancers in the western world per
gender associated with alcohol consumption

The relation between alcohol consumption and overall cancer incidence is complex, due to the diversity of the associations for the
various types of cancers. This study was initiated to try and quantify the effect of alcohol consumption on overall cancer incidence
in the Western world when drinking in moderation. Drinking alcohol in moderation is defined in most Western countries
as consuming between 2.5 and 15 g alcohol/day for women and between 2.5 and 30 g alcohol/day for men. We showed that
drinking in moderation has no substantial impact on overall cancer risk. Moderate alcohol consumption as such may therefore
be considered as a less important lifestyle factor for overall cancer risk modulation as compared to other lifestyle factors, such
as smoking and obesity. In contrast, heavy drinking, viz. more than 60 g alcohol/day is associated with an increased incidence
for most types of cancer investigated in the present study. It is noteworthy that the association with light and moderate alcohol
consumption is negative for cancers such as (non)-Hodgkin, leukemia, lung and renal cancer, but positive for other cancers, such
as breast, prostate, ovarian, gastric and colorectal cancer.

Several assumptions were made during our study that may have affected the outcome. The most recent meta-analyses, covering
the largest number of studies including cohort studies, were selected for inclusion in the present study. We did not evaluate in-
depth quality criteria of these meta-analyses assuming that peer review would yield satisfactory quality. A number of aspects
may, however, need to be taken into account. These aspects include the role of confounding factors, risks for specific subgroups,
drinking categories choice and a potential role for underreporting.

In some associations, a strong confounding effect exists, which may be difficult to correct for. This may for instance be the case for
lung cancer and smoking; smoking is a very strong risk factor for lung cancer. Therefore, we chose a meta-analysis that focused
on non-smokers only. The RRs observed in these never smokers were, however, not very different from those described in a
mixed population as pointed out by the authors [23,24]. Overall, it is a very difficult to correct for confounding, but by choosing
meta-analyses applying fully adjusted models, the best possible estimate for the association between alcohol consumption and the
specific type of cancer may have been obtained.

As far as subgroup risks are concerned it is known that for instance breast cancer risk may depend on menopausal status and
genetic background [20,25,26]. This means that alcohol consumption may contribute more to the breast cancer risk for a specific
subgroup than in others.

Although we selected those meta-analyses that allowed for the extraction of data that would fit our drinking categories, this was
not a complete match in all cases. Also, the choice of the control group could have affected the outcome. A control group consisting
of teetotalers combined with very rare or occasional alcohol consumers, originates from the discussion on teetotalers possibly
being a debatable control [27]. Occasional alcohol consumers may differ from teetotalers in some confounders like disease history
or other confounders that cannot be corrected for. In order to try and minimize such bias a combined control group was used.
Also, various cancer types had various associations: some were J-shaped others were linear-shaped or logarithmic-shaped. These
different associations were found in meta-analyses covering numerous cancer types [16,21]. Therefore, it seems best to use a
combination control group as has been currently used in a large number of meta-analyses.
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Underreporting may play a role in the interpretation of the alcohol cancer risk association. Klatsky et al explored the role of
inferred underreporting among light-moderate drinkers on the association between alcohol intake and cancer risk [28]. This study
suggested that the increased risk of cancer among light-moderate drinkers occurred mainly in those suspected of underreporting,
whereas the increased risk was not observed in those not suspected of underreporting or in those of unsure reporting status [28].
We have used the relative risks reported in the various meta-analyses assuming that the chance of acquiring various cancers would
be equally distributed over the drinking categories. This assumption, however, may not be entirely correct. An alternative method
used is to correlate the overall incidence to the average relative risk observed and derive the relative risks for the other drinking
categories from this average. We chose not to use this method since the final outcome would most likely not be substantially
different as compared to the current results. Also, the average drinking levels corresponding to the average relative risk is unknown.
Therefore, we chose to use the relative risks as they were calculated for the large groups of people included in the studies of these
meta-analyses.

A number of meta-analyses selected for this study distinguished in types of alcoholic beverages, such as Duell and Fagherazzi
amongst others. We did not make this distinction in our analysis for various reasons [20,29]. Firstly, such a beverage distinction
was not available for all cancer types studied. Secondly, we believe that a wine drinker may differ in many aspects from a beer
drinker, e.g. a wine drinker would eat a more healthy diet [30]. A comparison between the various alcoholic beverages would be
confounded by too many factors that were not controlled for in many of the studies used in the present analysis. Also, the large
majority of alcohol consumers does not have a preference for one type of alcoholic beverage, but consume several. Since it is very
complex to unravel the contribution of each of those beverages, we did not try to make separate analyses for the various alcoholic
beverages.

The results of this overall estimate were made based on meta-analyses that mainly used data collected in Europe, US and other
Western world countries. It has been described that some cancers occur in higher or lower incidences in other parts of the world,
therefore regional differences exist. For instance, breast cancer appears to be not associated with alcohol consumption at all in
Asian countries [10,31]. Also, lifestyle may differ and therefore our conclusions cannot be generalized to the non-Western world.

In the present study, a novel approach was applied to associate daily alcohol intake and cancer risk. Various models were evaluated;
the best fit was obtained using the sigmoidal dose response model using the logEC50 value. The model showed an increase in
overall cancer risk at increasing daily alcohol consumption with women being more vulnerable than men. This is in agreement with
a higher sensitivity for alcohol use disorder and its associated diseases such as alcohol-related liver disease and cardiomyopathy in
women than in men [12]. This approach, however, is limited by the number of observations, viz. the number of alcohol drinking
categories. More research is needed in which alcohol consumption may be divided in more and smaller drinking categories
allowing for models with a better fit. These logEC50 values also show that there is a difference in the risk of alcohol consumption
on overall cancer as compared to an individual type of cancer. The outcome on overall cancer is a summation of all positive and
negative associations. Therefore, it would be important to publicize not only the overall association of alcohol with cancer but also
its associations with each individual type of cancer.

We were interested to apply an approach that would allow us to provide an overall risk estimate for consuming alcohol lightly and
in moderation. A recent study by Choi et al. reached very similar conclusions as reported here: very light to light alcohol drinking
(<12.5 g alcohol/day) was not associated with an increased risk of the most common cancer types. These authors focus on several
methodological flaws in meta-analyses reporting positive associations between light and moderate alcohol consumption and
specific cancer types [9].

The new aspect of this analysis is the integration of data on most frequently occurring types of cancers to estimate the overall
impact of alcohol consumption on total cancer incidence. This is important since alcohol consumption is promoted as one of
the most important modifiable lifestyle factors contributing to overall cancer incidence being a group 1 carcinogen [32,33]. The
present study suggests that alcohol, when consumed in moderation, may not be a very important factor to modify for cancer
prevention in general. For cancer prevention, it may be worthwhile to focus more on other modifiable lifestyle factors contributing
significantly to overall cancer incidence. These may include smoking or focus on other modifiable life style factors that protect
better to overall cancer incidence like for instance physical activity [34,35].

The data presented suggest that light and moderate alcohol consumption (up to 15 g alcohol/day) is not associated with the
incidence of the 20 most common cancer types in the Western world in contrast to higher consumption [36-51].
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