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Epidemiology-based risk assessment using the benchmark dose/margin of exposure approach: the example of ethanol and liver cirrhosis

In the public health risk assessment of alcoholic beverages, the derivation of a threshold dose or a 46 tolerable upper alcohol intake level is fundamental in providing scientifically founded drinking 47 guidelines. Previous approaches include interpretations of single epidemiological dose-response 48 studies on all-cause mortality (e.g. Hoffmeister and colleagues defined the threshold as the point 49 within a dose-response model at which the response starts to rise [START_REF] Hoffmeister | The relationship between 272 alcohol consumption, health indicators and mortality in the German population[END_REF] ), non-formal attempts to 50 interpret the literature by expert committes, [START_REF] Bondy | Low-risk drinking 275 guidelines: the scientific evidence[END_REF] the use of cumulated lifetime risk [START_REF] Rehm | Method for moderation: measuring lifetime risk of alcohol-277 attributable mortality as a basis for drinking guidelines[END_REF] and use of the 51 more formal "no observed adverse effect level" (NOAEL) methodology with an uncertainty 52 factor for deriving an "acceptable daily intake" (ADI) level. 4-6 53 All of these methods have substantial limitations. The single article approach is problematic as it 54 is based on one underlying distribution of deaths and is fraught with measurement problems of 55 exposure, especially since most cohort studies have only one baseline measurement. [START_REF] Gmel | Measuring alcohol consumption[END_REF] Any 56 intuitive or non-formal interpretations are subjective; as a consequence different committees 57 using this method have had vastly different results. [START_REF] Harding | Communicating through government agencies[END_REF] The lifetime method has often been based on 58 models that do not allow for variation in drinking over an entire lifespan, essentially disregarding 59 the potential problem of differential impact of drinking patterns: [START_REF] Rehm | On the emerging 291 paradigm of drinking patterns and their social and health consequences[END_REF] the effect of 1 standard drink 60 per day in a week is different when consumed as all 7 on a single day as opposed to 1 per day. 61 Finally, the NOAEL/ADI is problematic when there is a dose-response relationship with no 62 apparent threshold, as is the case for some alcohol-attributable endpoints, such as certain 63 cancers [START_REF] Baan | Carcinogenicity 294 of alcoholic beverages[END_REF] (for breast cancer, as an example, the largest pooled study on breast cancer shows 64 significant effects for lower than one drink daily [START_REF] Hamajima | Alcohol, 296 tobacco and breast cancer--collaborative reanalysis of individual data from 53 297 epidemiological studies, including 58,515 women with breast cancer and 95,067 women 298 without the disease[END_REF] ). In such a situation, the NOAEL and 65 subsequent threshold dose for the minimal risk value will be very low, possibly even 0. However, 66 from a public health perspective, the risk of cancer at higher levels may be in fact 67 counterbalanced by the protective effects of alcohol on ischemic disease and diabetes (for an 68 overview of the effects of alcohol on disease see Rehm et al. [START_REF] Rehm | The relation 300 between different dimensions of alcohol consumption and burden of disease: an overview[END_REF] ). 69

One of the most promising alternatives to the NOAEL/ADI approach is the benchmark dose 70 (BMD) methodology. [START_REF] Bi | Using the Benchmark Dose (BMD) Methodology to Determine an Appropriate 303 Reduction of Certain Ingredients in Food Products[END_REF] Based on dose-response modelling, the BMD is the point on the dose 71 response curve, which characterizes adverse effects. This value can then be used in combination 72 with exposure data to calculate a margin of exposure (MOE) for quantitative risk assessment. The 73 MOE is defined as the ratio between the BMD and estimated human intake of the same 74 compound. It can be used to compare the health risk of different compounds and in turn prioritize 75 risk management actions. By definition, the lower the MOE, the larger the risk for humans; 76 generally a value under 10,000 used to define public health risks. 77

The BMD approach was developed by Crump in 1984, [START_REF] Crump | A new method for determining allowable daily intakes[END_REF] and has since been adopted by the US 78 Environmental Protection Agency (EPA), 15 as well as the European Food Safety Authority 79 (EFSA) [START_REF] Efsa | Opinion of the Scientific Committee on a request from EFSA related to a 310 harmonised approach for risk assessment of substances which are both genotoxic and 311 carcinogenic[END_REF] , mainly in the area of risk assessment of genotoxic carcinogens. In later years, the 80 BMD approach was broadened to other agents with a wide range of effects (e.g. pesticides, 81 mycotoxins and natural toxins), [START_REF] Muri | The benchmark dose approach in food risk 313 assessment: is it applicable and worthwhile?[END_REF] as well as macroconstitutents in food such as sugar and fat. [START_REF] Bi | Using the Benchmark Dose (BMD) Methodology to Determine an Appropriate 303 Reduction of Certain Ingredients in Food Products[END_REF] 

82

Originally and traditionally in regulatory toxicology, data from animal experiments were used for 83 BMD modelling, 14;17-21 only more recently has the approach been applied with epidemiological 84 data, (e.g. for risk assessment of mercury, 22 methylmercury, 23;24 arsenic, 25;26 cadmium, [START_REF] Jin | Environmental 339 epidemiological study and estimation of benchmark dose for renal dysfunction in a 340 cadmium-polluted area in China[END_REF] 85 chromium, [START_REF] Goldbohm | Risk estimation for carcinogens based on epidemiological data: a structured approach, 343 illustrated by an example on chromium[END_REF] lead, [START_REF] Lin | Application of benchmark dose for 345 occupational epidemiology in lead exposure[END_REF] styrene, [START_REF] Crump | Benchmark calculations from summarized data: an example[END_REF] or respirable coal mine dust. [START_REF] Bailer | Estimating benchmark 349 concentrations and other noncancer endpoints in epidemiology studies[END_REF] ). It should be noted that calculations 86 generally use the lower one-sided confidence limit of the BMD (BMDL) as the point of 87 departure. 88

In the alcohol field, the BMD methodology was applied in a study of 1,100 Japanese salesman to 89 find thresholds for the effect of alcohol on blood pressure and biochemical markers for liver 90 injury. 32;33 The BMD/MOE model was also used to evaluate the carcinogenic substances 91 acetaldehyde and ethyl carbamate in alcoholic beverages. [START_REF] Lachenmeier | Ethyl Carbamate in 357 Alcoholic Beverages from Mexico (Tequila, Mezcal, Bacanora, Sotol) and Guatemala 358 (Cuxa): Market Survey and Risk Assessment[END_REF][START_REF] Lachenmeier | Carcinogenicity of acetaldehyde in alcoholic 361 beverages: risk assessment outside ethanol metabolism[END_REF][START_REF] Efsa | Ethyl carbamate and hydrocyanic acid in food and beverages[END_REF][START_REF] Lachenmeier | 365 Cancer risk assessment of ethyl carbamate in alcoholic beverages from Brazil with special 366 consideration to the spirits cachaça and tiquira[END_REF] In the carcinogenic potency project, 92 a large scale cancer risk assessment utilizing analyses of animal cancer tests, Gold et al., [START_REF] Gold | How Many Fold Lower Is Human Exposure Than the 368 Dose That Gave Rodents Cancer: Margin of Exposure, MOE (Rodent Cancer 369 Dose/Human Exposure)[END_REF] based 93 on rodent data, estimated a MOE of 3 for alcoholic beverages (daily consumption of 22.8 ml 94 ethanol) which was the highest risk for non-occupational exposures in the entire project. 95

In this study, we will be the first to calculate a BMD and BMDL for daily alcohol consumption 96 based on epidemiological (cohort) data, specifically the excess lifetime risk for liver cirrhosis, 97 which is the most important single fatal chronic disease condition attributable to alcohol 98 globally. 39;40 The epidemiological data gathered during a recent systematic review and meta-analysis of 106 alcohol consumption as a risk factor for liver cirrhosis morbidity and mortality in humans was re-107 evaluated to allow for benchmark modelling. [START_REF] Rehm | Alcohol as a risk 377 factor for liver cirrhosis -a systematic review and meta-analysis[END_REF] According to the methodology of Morales and 108

Ryan [START_REF] Morales | Benchmark dose estimation based on epidemiologic cohort data[END_REF] for benchmark dose estimation based on epidemiological cohort data, a dose-response 109 model between dose and excess lifetime risk should be used to calculate the BMD. In this case 110 the risk relations from the meta-analysis were re-calculated to estimate the excess lifetime risk for 111 the Canadian population for several average volumes of daily average drinking (see Rehm et al. [START_REF] Rehm | Method for moderation: measuring lifetime risk of alcohol-277 attributable mortality as a basis for drinking guidelines[END_REF] 112 for details of the general methodology of calculating excess risk). 113

Additionally, as a sensitivity analysis, animal experiments regarding the effect of ethanol on the 114 liver and suitable for dose-response modelling, were identified using the recent literature review 115 of the International Agency for Research on Cancer. [START_REF]Alcoholic Beverage Consumption and Ethyl Carbamate (Urethane)[END_REF] Most animal studies demonstrating the 116 causal relationship between ethanol ingestion and liver injury [START_REF] Watabiki | Long-term 383 ethanol consumption in ICR mice causes mammary tumor in females and liver fibrosis in 384 males[END_REF][START_REF] Yokoyama | Hepatic fibrosis 386 produced in guinea pigs by chronic ethanol administration and immunization with 387 acetaldehyde adducts[END_REF][START_REF] Keegan | Ethanol-related liver injury in the rat: a model of steatosis, 389 inflammation and pericentral fibrosis[END_REF][START_REF] French | Effect of 391 ethanol on cytochrome P450 2E1 (CYP2E1), lipid peroxidation, and serum protein adduct 392 formation in relation to liver pathology pathogenesis[END_REF][START_REF] French | Ethanol-induced hepatic fibrosis in the rat: role 394 of the amount of dietary fat[END_REF] were unfortunately unsuitable 117 for dose-response modelling, as only single dose levels were compared to controls. A notable 118 lifetime carcinogenicity study by Soffritti et al. [START_REF] Soffritti | Results of long-396 term experimental studies on the carcinogenicity of methyl alcohol and ethyl alcohol in 397 rats[END_REF] The BMD and BMDL were calculated for the epidemiological data using the methodology 125 presented in Morales and Ryan. [START_REF] Morales | Benchmark dose estimation based on epidemiologic cohort data[END_REF] A benchmark response (BMR) of 1.5% referring to excess risk 126
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was selected as this response was in the experimental range for both sexes. The BMD was then 127 found by backsolving from an excess risk of 1.5% to the corresponding alcohol intake. The 128 BMDL was estimated in the same way as BMD by finding the exposure that corresponded to 129 1.5% on the upper confidence limit for BMD. For comparability, we also calculated BMD and 130 BMDL values using the US EPA's BMDS 2.1.1 software (available for free at the US 131 Environmental Protection Agency website: http://www.epa.gov/ncea/bmds/index.html). The data 132 from animal experiments were also evaluated using this software. 133

The EFSA harmonized approach, as previously mentioned, was used to conduct the dietary 134 intake assessment. [START_REF] Efsa | Opinion of the Scientific Committee on a request from EFSA related to a 310 harmonised approach for risk assessment of substances which are both genotoxic and 311 carcinogenic[END_REF] For this, relevant substance specific dietary intake estimates in humans are 135 needed. Such data on alcohol consumption was obtained from the Global Information System on 136 Alcohol and Health (GISAH) [START_REF]Global Information System on Alcohol and Health[END_REF] based on data primarily from the Food and Agriculture 137

Organization [START_REF] Rehm | The global 408 distribution of average volume of alcohol consumption and patterns of drinking[END_REF] for the year 2002 (averaged from 2001 to 2003) for the population older than 15. 138

The data on unrecorded consumption were also based on estimated volume for the population 139 older than 15. [START_REF] Rehm | Comparative Quantification of Health 412 Risks. Global and Regional Burden of Disease Attributable[END_REF] The MOEs were calculated by dividing the reference point, in this case the 140 BMDL, by the estimated human intakes, based on either Canadian data as derived from the 141 triangulation of survey and per capita data, [START_REF] Rehm | Comparative quantification of alcohol exposure as risk factor 415 for global burden of disease[END_REF] or low-risk drinking guidelines for Canada (13.6 g 142 pure alcohol per standard drink). [START_REF]Low-risk drinking guidelines[END_REF] The ADI was calculated according to the guidelines of the 143 WHO International Programme on Chemical Safety (IPCS). [START_REF]Environmental Health Criteria 239: Principles for Modelling Dose-Response for 419 the Risk Assessment of Chemicals[END_REF] as shown in Figures 1 and2. For a BMR of 1.5%, the resulting BMD1.5 values were 30.9 g/day 149 for males and 29.7 g/day for females, the corresponding BMDL1.5 values were 25.7 g/day and 150 27.2 g/day, respectively. Calculated for 60-kg persons, the values were very similar for both 151 sexes, with an average BMD1.5 of 0.5 g/kg bw/day and a BMDL1.5 of 0.4 g/kg bw/day. 152 Using the US EPA BMDS software, very similar values to our calculations were obtained. The 153 dichotomous hill model had the best fit, with p-values of 0.9722 (male) and 0.9992 (female). The 154 BMD1.5 values were 29.8 g/day for males and 27.9 g/day for females, the corresponding 155 BMDL1.5 values were 29.0 g/day and 25.1 g/day, respectively. As the EPA software does not 156 calculate based on experimental confidence limits, we gave preference and used the data 157 calculated from our own models. 158

The data of the NTP animal study allowed for the BMD calculation with the usual BMR of 10%, 159 as well as 1.5% for comparison with the epidemiological results. According to the authors of the 160 NTP study, the incidence of hepatocellular adenoma or carcinoma in male mice was the only 161 endpoint with a significant (p<0.05) dose-related trend with respect to ethanol (Table 2). We 162 therefore used this endpoint for dose-response modelling. From the model choices available in 163 the US EPA software, the multistage cancer model showed the best fit with a p-value of 0.9689 164 (Figure 3). The BMD10 and BMDL10 were 2.07 g/kg bw/day and 0.72 g/kg bw/day, and the 165 BMD1.5 and BMDL1.5 were 0.78 g/kg bw/day and 0.10 g/kg bw/day, respectively. 166 Table 3 shows the values determined in this study as compared with those found in the literature, 167 which are in reasonable agreement (see discussion). The comparison therefore substantiates the 168 plausibility of our calculated values and allows for their further use in MOE estimation. As such, 169 we decided to use the BMDL1.5 of 0.4 g/kg bw/day (approximately 26 g/day) from the 170 epidemiological data for our further calculations. 171 Table 4 shows the corresponding MOEs for several scenarios. The intake scenario for the entire 172 Canadian population resulted in a MOE of 1.23. Intake scenarios for individuals as based on the 173 Canadian drinking guidelines led to MOE values of 1.91 or 1.49 for females (drinking 1 drink per 174 day, or 9 drinks per week), with lower MOEs for men at 0.96 (with drinking 2 drinks per day, or 175 14 drinks per week). For a heavy drinking scenario, the MOE was 0.48. 176

Finally, to calculate an ADI, the traditional default uncertainty factor (UF) of the Joint 177 FAO/WHO Expert Committee on Food Additives (JECFA) was chosen (10), which assumes that 178 the difference of sensitivity within the human population is in a 10-fold range. [START_REF]Environmental Health Criteria 70: Principles for the safety assessment of food 421 additives and contaminants in food[END_REF] According to 179 IPCS, [START_REF]Environmental Health Criteria 239: Principles for Modelling Dose-Response for 419 the Risk Assessment of Chemicals[END_REF] the ADI based on BMD modelling is calculated as ADI = BMDL / UF. With the BMDL 180 of 26 g/day, the ADI for ethanol would therefore be 2.6 g/day. 181 Discussion 182 For the BMD modelling of cohort data on liver cirrhosis, the suggested standard BMR of 10% 183 e.g. by EFSA [START_REF] Efsa | Opinion of the Scientific Committee on a request from EFSA related to a 310 harmonised approach for risk assessment of substances which are both genotoxic and 311 carcinogenic[END_REF] cannot be used as it is outside the experimental range. This is typically the case 184 for studies based on epidemiological data, for which an excess risk of 10% seldom occurs. [START_REF] Morales | Benchmark dose estimation based on epidemiologic cohort data[END_REF] To 185 address this issue other BMD studies based on such data used BMRs in the range of 1 and 5%. [START_REF] Crump | 331 Benchmark concentrations for methylmercury obtained from the Seychelles Child 332 Development Study[END_REF]- 186 27;32;33 We decided to use a BMR of 1.5% as this was in the experimental range for both sexes; 187 this would not have been the case for 1% or 2%. For the evaluation of the animal experiments, 188 we used the standard BMR of 10% as well as 1.5% for better comparability. 189 Using this approach we observed similar results from both the epidemiological and the animal 190 data. It must be noted that with respect to the inherent uncertainties of BMD-modelling, even 191 between different mathematical models of the same study, differences up to a factor of 3 are 192 typically acceptable and allow for an averaging of the values. In our case, the BMD1.5 values 193 from epidemiological (0.5 g/kg bw/day) and animal experiment (0.8 g/kg bw/day) data did not 194 even differ by this factor of 3. This is in line with previous research showing good agreement 195 between these types of studies, [START_REF] Sanner | Comparison of carcinogen hazard characterisation based on animal 423 studies and epidemiology[END_REF] which can be taken as an indicator for the concurrent validity of 196 the approach. Even between the different studies and approaches (Table 3), the values are in good 197 accordance. Our modelling of the animal data (BMDL10 of 0.7) is also in reasonable agreement 198 with the modelling of Gold et al. [START_REF] Gold | How Many Fold Lower Is Human Exposure Than the 368 Dose That Gave Rodents Cancer: Margin of Exposure, MOE (Rodent Cancer 369 Dose/Human Exposure)[END_REF] (BMDL10 of 0.93), which is the only BMD for ethanol 199 present in the literature, also based on animal experiments. Furthermore, the results from our 200 epidemiological data on liver cirrhosis are in excellent agreement with those for liver markers 201 and blood pressure from the Japanese studies of Dakeishi et al. 32;33 Finally, our indicators are in 202 reasonable agreement with the conventional thresholds. 1;4-6;58 203 Notably, our approach allows for the first comparison of the overall effect of alcoholic beverages 204 with that of minor constituents and contaminants in beverages that might additionally contribute 205 to the health risk. For acetaldehyde directly contained in the beverages (i.e. outside ethanol 206 metabolism), we had previously calculated an average MOE of 498. [START_REF] Lachenmeier | Carcinogenicity of acetaldehyde in alcoholic 361 beverages: risk assessment outside ethanol metabolism[END_REF] For ethyl carbamate, the 207 MOE was around 5,000. [START_REF] Efsa | Ethyl carbamate and hydrocyanic acid in food and beverages[END_REF] This signifies that alcoholic beverages per se (i.e. mechanistically the 208 direct effects of ethanol and/or metabolically formed acetaldehyde) are over 100 or even 1000 209 times more potent than the most relevant contaminants acetaldehyde and ethyl carbamate, which 210 are regularly found in addition to ethanol. This comparison additionally provides evidence 211 against the argument, often misleadingly exaggerated by the alcohol industry, that these minor 212 contaminants are the main health threats of unrecorded alcohol products. [START_REF] Lachenmeier | Unrecorded alcohol: a threat to public health?[END_REF] Our results underline again that alcohol is truly no ordinary commodity. [START_REF] Babor | Alcohol: No 430 ordinary commodity[END_REF] If ethanol were in fact 214 treated like any other food ingredient, an ADI of 2.6 g/day, which could be exceeded by just a 215 single portion per day, would be considered as outside the safety requirement for foods. 216

As our calculated MOEs vary around unity (i.e. 1) even for moderate drinking, it is evident that 217 the current guidelines correspond very well to low risk on the dose response curve. However, as 218 normally an uncertainty factor of at least 10 would be introduced for evaluations based on human 219 epidemiology, they do not provide any added safety. There is also the likelihood the uncertainty 220 factor for alcohol would have to be even larger to allow for the genetic risk associated with ADH 221 and ALDH polymorphisms. There is currently limited evidence for increased risk of liver disease 222 associated with carriers of these polymorphisms, 61;62 in addition to evidence on their effect on 223 cancer [START_REF] Druesne-Pecollo | Alcohol 439 and genetic polymorphisms: effect on risk of alcohol-related cancer[END_REF] and cardiovascular risk. [START_REF] Husemoen | The 442 association of ADH and ALDH gene variants with alcohol drinking habits and 443 cardiovascular disease risk factors[END_REF] At least for populations with predominantly active 224 ADH/ALDH, uncertainty factors above 10 would appear overly conservative. Victorin et al. 225 suggested uncertainty factors in the range of 2 to 10 for alcohol. [START_REF] Victorin | Methods for health risk assessment of 283 chemicals: are they relevant for alcohol?[END_REF] Rydberg and Skerfving used the 226 default factor of 10 in their toxicity evaluation of ethanol. [START_REF] Rydberg | The toxicity of ethanol. A tentative risk evaluation[END_REF] We agree with Vermeire et al. [START_REF] Vermeire | Assessment 445 factors for human health risk assessment: a discussion paper[END_REF] that 227 until better data is available it appears to be most appropriate to remain consistent with the 228 traditional default value of 10 and to assume that this value protects the majority of the general 229 human population. 230

If we would have to suggest a "virtually-safe guideline" based on our ADI of 2.6 g/day, this could 231 be for example a maximum of 1 drink every 5 days, or 6 drinks per month. In this context, the 232 additive risk stemming from heavy drinking behaviours must be mentioned. The evidence in the 233 literature has consistently found that heavy drinking occasions pose a risk over and above the risk 234 of the volume of alcohol consumed, [START_REF] Rehm | On the emerging 291 paradigm of drinking patterns and their social and health consequences[END_REF] in particular for ischemic heart disease and injury, with the 235 possibility of playing a role in other alcohol-attributable disease, [START_REF] Rehm | The relation 300 between different dimensions of alcohol consumption and burden of disease: an overview[END_REF] possibly including liver 236 cirrhosis. [START_REF] Rehm | Alcohol as a risk 377 factor for liver cirrhosis -a systematic review and meta-analysis[END_REF] As a consequence, low-risk drinking guidelines should incorporate limits for drinking 237 per occasion in addition to limits for average volume. [START_REF] Bondy | Low-risk drinking 275 guidelines: the scientific evidence[END_REF] Finally, our MOE values allow for an 238 epidemiology-based comparison of the health risk of alcoholic beverages with other risk factors 239 of modern lifestyle. In the list of agents evaluated by this model (e.g. see Refs. 21;38 ), alcoholic 240 beverages are confirmed to be at the top position. This is another proof for the major necessity, 241 priority and relevance of risk management and policy actions for reducing alcohol consumption. [START_REF] Babor | Alcohol: No 430 ordinary commodity[END_REF] 242

Conclusion 243

There are two main conclusions. First, the approach, derived from regulatory toxicology, was 244 feasible for developing evidence-based guidelines for low-risk drinking. This can provide a 245 foundation for future risk assessments using the BMD methodology with epidemiological data 246 and for calculating a MOE. Moreover, it is recommended that this methodology be applied to 247 potential harmful substances with applicable epidemiological data (e.g., other life-style related 248 risk factors such as tobacco, or illegal drugs), in order to more accurately assess risk for priority 249 setting in public health policy. 250 Second, the derived lower threshold of approximately 26 g/day is in line with the current drinking 251 guidelines in Canada, derived from other methods. 2;54 This indicates that the values produced 252 using the BMD methodology in this study are consistent with those of the other methods used in 253 the current guidelines. Moreover, the BMD methodology and values in this study can also be 254 considered as a validation of the current guidelines. 255

In conclusion, this study has provided a novel new approach to risk assessment in epidemiology, 256 based on toxicological methodology. Furthermore, it has added to the evidence for health risk 257 associated with alcohol consumption and provides more reason for appropriate public health 258 measures to reduce alcohol-attributable harm. [START_REF] Babor | Alcohol: No 430 ordinary commodity[END_REF] 

Key messages box:

260 -The benchmark dose/margin of exposure (BMD/MOE) methodology was found to be usable in 261 evaluating epidemiological data from lifestyle-related risk factors such as alcohol consumption. 262 -The BMD allows for the derivation of evidence-based low-risk drinking guidelines, which are 263 in good agreement with previous approaches. 264 -The MOE allows for the comparison of the overall effect of alcoholic beverages with that of 265 minor constituents and contaminants in the beverages that may additionally contribute to the 266 health risk. 267 -The further use of this approach for assessing life-style related risk factors may allow for more 268 accurate priority setting in public health policy in the future. 269 
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  again did not meet the criteria, as it also only 119 researched a single dose level. Only the 2004 National Toxicology Program (NTP) 2-year rodent 120 bioassay 48;49 contained data meeting the criteria for the modelling of the dose-response 121 relationship for lifetime exposure to ethanol. 122 123 Benchmark dose and margin of exposure calculation 124
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 12355 Figure 2. BMD modelling of excess liver cirrhosis mortality in the female Canadian population 481(data from table1). 482
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Table 2 .

 2 Incidence of hepatocellular adenoma or carcinoma in male B6C3F 1 mice administered 451 ethanol in drinking water for two years48;49 452 

	Ethanol [% in	Ethanol [g/kg	Number of	Incidence of
	drinking water]	bw/day]	animals	hepatocellular
				adenoma or
				carcinoma
	0	0 (Control)	46	12 (26.1%)
	2.5	2.2	47	16 (34.0%)
	5	4.2	48	25 (52.1%)
	453			

Table 3 .

 3 Summary of own dose response modelling results for ethanol in epidemiological cohort 454 studies and animal experiments (data from Figures1-3) and comparison with literature data 455 The study reported results for a BMR of 2 and 10%. The values were re-calculated from the 463 BMR modelling for diastolic blood pressure and a bodyweight of 60 kg. 464f Threshold value of GGT, re-calculated using a bodyweight of 60 kg. 465g The study reports co-called tolerable upper alcohol intake levels, derived using the NOAEL

	Modelling Data source	Endpoint	BMD1.5 a	BMDL1.5 b	BMD10 a	BMDL10 b	Conventional
					[g/kg	[g/kg	[g/kg	[g/kg	threshold dose
					bw/day]	bw/day]	bw/day]	bw/day]	[g/kg bw/day]
	This study Rehm et al. 40 Human	0.5	0.4	-	-	-
				epidemiology, liver				
				cirrhosis in Canadian				
				population				
	This study NTP 48;49	Rats, hepatocellular	0.8	0.1	2.1	0.7	-
				adenoma or				
				carcinoma				
	Gold et al. 38 (no	Rodent Cancer Dose	-	-	-	0.93 c	-
			information	(Rats)				
			provided)					
	Dakeishi et		Original data Liver markers in	BMD2	BMDL2	BMD5	BMDL5	-
	al. 32			Japanese men	0.27 d	0.32 d	0.60 d	0.69 d
	Dakeishi et		Original data Blood pressure in	BMD2	BMDL2	2.1 e	1.6 e	-
	al. 33			Japenese men	0.56 e	0.45 e		
	Hoffmeister	Original data Liver markers in the	-	-	-	-	0.08 (F), 0.43
	et al. 1			German population					(M) f
	Sillanaukee	Original data Liver markers in the	-	-	-	-	0.14 (F), 0.18
	et al. 58			Finnish population					(M) f
	Burger et		Literature	Different endpoints	-	-	-	-	0.16-0.20 (F),
	al. 4		review	including liver					0.33-0.40 (M) g
				cirrhosis and cancer				
	Victorin et		Literature	Liver effects and	-	-	-	-	0.2-0.4 (F) h
	al. 5		review	cancer, low				
				birthweight				
	Rydberg		Literature	Liver cirrhosis	-	-	-	-	0.1 i
	and		review					
	Skerfving 6							
	456	a BMD: benchmark dose for a 1.5% or 10% incidence of health effect.	
	457	b BMDL: lower one-sided confidence limit of the BMD.		
	458	c LTD10 value, which should be comparable to BMDL10 value. LTD10 is the lower 95%
	459	confidence limit on the dose to induce tumors in 10% of animals. The LTD10 value was
	460	estimated by re-calculation from a TD50 value. See Gold et al. 38 for details.
	461	d The study reported results for a BMR of 2 and 5%. The values were re-calculated from the
	462	BMR modelling for γ-glutamyltransferase (GGT) and a bodyweight of 60 kg.

e

Table 4 .

 4 Margin of Exposure (MOE) for alcohol in different Canadian exposure scenarios. 471 Calculated with BMDL1.5 of 26 g/day (MOE = BMDL / Exposure). 472 Value based on 9.77 L of pure alcohol (total consumption, recorded and unrecorded) per year 473 divided by 365 to get the daily intake and multiplied with 0.789 g/mL (density of alcohol) to 474 correct from volume to mass 475 b A standard drink in Canada is considered to have a total of 13.6 grams of alcohol 54 476

		Alcohol	
		consumption	Margin of Exposure
	Exposure Scenario	(g/day)	
	Canada, population older than 15 a	21.1	1.23
	1 standard drink per day (low risk drinking guideline for females) b	13.6	1.91
	2 standard drinks per day (low risk drinking guideline for males) b	27.2	0.96
	9 standard drink per week (low risk drinking guideline for females) b	17.5	1.49
	14 standard drinks per week (low risk drinking guideline for males) b	27.2	0.96
	Heavy drinkers (4 drinks per day, own categorization)	54.4	0.48

a

U.S.EPA. The use of the benchmark dose approach in health risk assessment. EPA/630/R-
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