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Alcohol consumption in England 
The most recent alcohol consumption data was estimated from the 2016 Health 

Survey for England (HSE2016) data. Individual level raw data from HSE2016 was 

extracted and used to estimate the alcohol attributable factions (AAF) in this study. 

The relevant variables extracted from the dataset along with the exclusion and 

inclusion criteria are summarised below:   

• variable = Age16g5: This variable identifies the age group that an individual 

aged 16 years or above falls into. A 5-year band was used for individuals 

aged 20 years or above and a 2-year band was used for those aged between 

16 to 19 years. Individuals aged 16 and over in England were used in the 

study, ie Age16g5>0 

• variable = Sex: This variable is used to determine the gender of each 

individual in the sample. Both males and females were included in this study, 

ie, Sex>0 

• variable = alcbase: This variable is used to categorise individuals as either a 

former drinker, a lifetime abstainer or a current drinker. We included all 

individuals with valid information for this variable, ie, alcbase>0  

• variable = totalwu: The variable specifies the total units of alcohol consumed 

by an individual in units per week. All individuals with valid information were 

included in the analysis, ie, totalwu>0 

• variable = d7unitwgrp: The variable is used to determine whether a current 

drinker is a binge drinker. A person who reports to have over 6 units on the 

heaviest drinking day in the last 7 days is categorised as a binge drinker. 

Among binge drinkers, a person that has up to 8 units on the heaviest drinking 

day is categorised as a type 1 binge drinker, over 8 units as a type 2 binge 

drinker 

• note that the relative risk for the acute condition at a drinking level (𝑥𝑥) was 

adjusted for the time at risk in order to calculate the risk ratio of binge drinkers 

(RRbinge). (1 drink [~10 grams of alcohol] = 30 minutes; 3 drinks = 2 hours; 5 

drinks = 3 hours; 7 drinks = 4.8 hours)(Jones & Bellis, 2013) 
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• variable = dnany: This variable is used to decide whether a person is a former 

drinker. A person who drinks “very occasionally”, ie dnany = 1, is categorised 

as a former drinker 

• variable = dnoft: This variable is used to decide whether a person is a former 

drinker. A person who reports to “have not drunk alcohol at all in the last 12 

months”, ie, dnoft = 8, is categorised as a former drinker 

• variable = dnevr: This variable is used to decide whether a person is a former 

drinker. A person who reports to “used to drink, but stopped”, ie, dnevr = 2, is 

categorised as a former drinker 

Age- and Gender-specific distribution of current and binge drinkers 
The population was divided into three group, lifetime abstainers, former drinkers and 

current drinkers. In total, 778 lifetime abstainers, 1203 former drinkers and 6326 

current drinkers were included. These results were used to estimate the distribution 

of alcohol consumption for the whole population. 

Each drinking group was further stratified into 10-year age and gender groups, ie, 

16-24 years, 25-34 years, 35-44 years, 45-54 years, 55-64 years, 65-74 years, 75-84 

years, 85+ years. The sample size distribution over all age- and gender-specific 

groups is shown in Table 1 and Figure 1. The age groups between 45 and 64 years 

contained relatively large sample sizes compared with the other age groups. For this 

reason, the variance for these two age groups was relatively low and the results 

were more reliable. Age groups 25 to 34 years and 75 to 84 years had relatively 

smaller sample sizes and the results for these groups were therefore less reliable. 

The 85+ year old age group had the smallest sample size and therefore the highest 

variance. The distribution of different drinking groups within each age- and gender-

specific groups is shown in Table 2. 
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Figure 1: Sample size distribution over age- and gender-specific groups 

 

To analyse the AAFs related to acute conditions the current drinkers were divided 

into binge and non-binge drinkers. Binge drinking was defined as consuming more 

than 6 units on their heaviest drinking day for males and females, respectively (NHS 

Choices, 2016). The proportion of binge drinkers in current drinkers for each age and 

gender specific group is listed in Table 3. 

Alcohol consumption level distribution 
The average weekly alcohol consumption level in units of alcohol was extracted for 

each sampling unit that were classified as current drinker from HSE2016 and 
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was assumed to be shifted based on previous analysis (Jones & Bellis, 2013; J. 

Rehm et al., 2010). 

The upshifted mean (𝜇𝜇𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) and variance (𝜎𝜎𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) for each age and gender 

specific group are: 

𝜇𝜇𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1.4 ∗ 𝜇𝜇 (1) 

𝜎𝜎𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1.174 ∗ 𝜇𝜇𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 1.003 ∗ 𝑠𝑠𝑠𝑠𝑠𝑠 (2) 
 

where 𝜇𝜇 was the original mean and 𝑠𝑠𝑠𝑠𝑠𝑠 was coded 0 for males and 1 for females. 

Original and upshift means and variances are listed in Table 4. 

A gamma distribution was estimated from the mean and standard deviation alcohol 

consumption level for each age and gender specific group with the following steps: 

• it was not possible to generate a gamma distribution in R directly 

from the mean and standard deviation, therefore upshifted means 

and standard deviation were converted to shape (𝛼𝛼) and rate (𝛽𝛽) 

parameters of the gamma distribution using 𝛼𝛼 = 𝜇𝜇2

𝜎𝜎2
 and 𝛽𝛽 = 𝜇𝜇

𝜎𝜎2
.  

The shape and rate parameters for each age and gender specific 

group are also listed in Table 4 

• gamma distribution was estimated for each pair of shape and rate 

parameters with simulations in R, with the sampling size set to 

100,000 

• the gamma distribution was sampled at discrete intervals equal to 

0.5g/day to ensure that the PAFs were as accurate as possible, as 

relative risks per 0.5g/day were reported for some diseases. The 

alcohol consumption probability was also estimated for each 

0.5g/day. The maximum consumption level included in the analysis 

for both types of diseases was set to 150g/day (Gmel et al., 2011; 

Jones & Bellis, 2013). An example of the discrete probability 

distribution of the male group aged 35-44 years was shown in Figure 

2 
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Figure 2: The probability distribution for levels of alcohol consumption in 2016 
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Table 1: Age- and Gender-specific sample size distribution 

Population 
Distribution 

Age/Gender Group 
16-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ 

M F M F M F M F M F M F M F M F 
Current drinker 220 259 408 554 411 573 530 644 540 581 474 464 271 253 70 74 

Former drinker 39 70 42 122 48 110 68 106 77 113 68 133 61 91 20 35 

Lifetime abstainer 63 67 53 101 48 88 43 58 24 38 23 60 19 53 4 36 

Total 322 396 503 777 507 771 641 808 641 732 565 657 351 397 94 145 
 
Table 2: Distribution of different drinking groups within each age- and gender-specific group 

Population 
Distribution 

Age/Gender Group 
16-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ 

M F M F M F M F M F M F M F M F 
Current drinker 0.68 0.65 0.81 0.71 0.81 0.74 0.83 0.80 0.84 0.79 0.84 0.71 0.77 0.64 0.74 0.51 

Former drinker 0.12 0.18 0.08 0.16 0.09 0.14 0.11 0.13 0.12 0.15 0.12 0.20 0.17 0.23 0.21 0.24 

Lifetime abstainer 0.20 0.17 0.11 0.13 0.09 0.11 0.07 0.07 0.04 0.05 0.04 0.09 0.05 0.13 0.04 0.25 
 
Table 3: Proportion of binge drinkers in current drinkers of each age- and gender-specific group 

Population 
Distribution 

Age/Gender Group 
16-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ 

M F M F M F M F M F M F M F M F 
Current drinker 220 259 408 554 411 573 530 644 540 581 474 464 271 253 70 74 

Binge drinker 74 65 132 124 135 109 166 110 154 81 99 24 35 7 1 2 

Proportion 0.34 0.25 0.32 0.22 0.33 0.19 0.31 0.17 0.29 0.14 0.21 0.05 0.13 0.03 0.01 0.03 
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Table 4: Original and upshifted alcohol consumption distribution over age- and gender-specific groups 

 
Age Group (Years) 

16-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ 
Mean (std. dev.) alcohol consumption in g/day 

Male 13.4 (18.5) 16.2 (25.6) 19.4 (28.7) 20.0 (32.7) 22.7 (32.2) 19.8 (23.8) 15.9 (19.5) 11.3 (10.3) 

Female 8.0 (11.8) 8.8 (13.0) 10.6 (21.0) 13.7 (34.5) 12.2 (22.1) 9.6 (13.6) 7.9 (12.7) 5.4 (8.1) 

Upshifted mean (std. dev.) alcohol consumption in g/day 

Male 18.8 (22.0) 22.7 (26.6) 27.1 (31.8) 28.0 (32.9) 31.8 (37.3) 27.8 (32.6) 22.2 (26.1) 15.8 (18.5) 

Female 11.2 (14.2) 12.3 (15.4) 14.8 (18.4) 19.1 (23.5) 17.1 (21.1) 13.5 (16.8) 11.1 (14.0) 7.5 (9.8) 

Shape (rate) parameters of the gamma distribution 

Male 0.726 (0.039) 0.726 (0.032) 0.726 (0.027) 0.726 (0.026) 0.726 (0.023) 0.726 (0.026) 0.726 (0.033) 0.726 (0.046) 

Female 0.627 (0.056) 0.634 (0.052) 0.648 (0.044) 0.665 (0.035) 0.658 (0.038) 0.642 (0.048) 0.625 (0.056) 0.585 (0.078) 
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Dose-response functions for alcohol-

related conditions 
Four different types of dose-response functions were used to estimate the relative 

risk of a disease for each alcohol consumption level (ie, between 0g/day to 150g/day 

with incremental interval of 0.5g/day for chronic conditions and 1g/day for acute 

conditions). Detailed information about these functions can be found in the 2013 

report (Jones & Bellis, 2013) and XXX. These dose-response functions included 

linear, J-shaped, non-linear and categorical relationships and were sourced from the 

literature. An explicit dose-to-response function was preferred, if available. When 

explicit functions were not provided, a function was fitted to the relative risk data. 

Raw categorical data was used in cases where the dose-response functions were 

not given, and it was not possible to fit a function. Gender-specific functions were 

preferred over general functions for both genders.  

Type 2 diabetes was reported to have a quadratic J-shaped dose-response function, 

although neither the explicit function or the training data (which could be used to 

estimate a function) were reported (Knott, Bell, & Britton, 2015). We still managed to 

recover the dose-to-response function based on the limited information provided: 

decreased risks were observed for any alcohol consumption level below 60g with the 

minimum risk observed between 10-14g. 

For diseases reported to have a non-linear dose-response relationship, log-linear 

functions were fitted to the data applying the same assumptions that were used in 

(Jones & Bellis, 2013). 

This report differs from the earlier report where lifetime abstainers were used as the 

reference group and relative risks for former drinkers were included, we used lifetime 

abstainers and former drinkers as the reference group. In other words, the relative 

risk of these two drinking groups was 1. This was because the evidence base for the 

relative risk for former drinkers was not reliable. Very few publications had 

disaggregated the non-drinking group into lifetime abstainers and former drinkers. 

For certain diseases where new relative risk estimates were not available, we used 

the old estimates from (Jones & Bellis, 2013). In these cases, relative risk estimates 
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for former drinkers were included in the calculation, if available. Detailed information 

about the data collection and updated dose-response functions for the diseases 

which were updated from the literature review are summarised in the main report. 

For diseases where these was no update the dose response functions provided in 

the 2013 report were used (Jones & Bellis, 2013). 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 
Infectious and parasitic diseases 

Tuberculosis (Imtiaz et al., 2017) 

RR 1.35 (1.09–1.68) for ‘alcohol use’ 

RR 1.57 (1.10–2.23) at 25 g/day  

RR 2.46 (1.21–4.98) at 50 g/day 

RR 3.85 (1.33–11.11) at 75 g/day 

RR 6.03 (1.47–24.81) at 100 g/day 

 

Male 

RR 1.50 (0.70–3.20) for former drinkers 

 

Female 

RR 5.30 (1.40–19.80) for former drinkers 

Linear3 

Malignant neoplasm of: 

Lip, oral cavity and pharynx (Bagnardi et al., 2015)  

RR 1.13 (1.00–1.26) for light drinking4 

RR 1.83 (1.62–2.07) for moderate drinking5  

RR 5.13 (4.31–6.10) for heavy drinking6 

𝑦𝑦 = exp(0.02474𝑥𝑥 − 0.00004𝑥𝑥2) 

                                            
1 Values are given as combined male and female where available. RRs compared to baseline (no alcohol consumption, unless otherwise stated). Includes 
values for relative risk (RR), hazard ratio (HR) and odds ratio (OR). Parentheses indicate 95% confidence intervals. Values for former drinkers given where 
appropriate – if not explicitly stated, these are assumed to be equal to those for non-drinkers. 
2 When formulae are explicitly given, 𝑥𝑥 refers to the consumption (in g/day) and 𝑦𝑦 refers to the value for the RR, HR or OR (as appropriate). 
3 Of the form 𝑦𝑦 = 𝑎𝑎1𝑥𝑥 + 𝑎𝑎2 
4 Defined as ≤12.5 g/day 
5 Defined as between 12.5 and 50 g/day 
6 Defined as >50 g/day 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 

Oesophagus (Bagnardi et al., 2015)7 

RR 1.26 (1.06–1.50) for light drinking4 

RR 2.23 (1.87–2.65) for moderate drinking5 

RR 4.95 (3.86–6.34) for heavy drinking6  

𝑦𝑦 = exp(0.05593𝑥𝑥 − 0.00789𝑥𝑥 ln𝑥𝑥) 

Colon 

(Bagnardi et al., 2015)8 

RR 0.99 (0.95−1.04) for light drinking4 

RR 1.17 (1.11–1.24) for moderate drinking5 

RR 1.44 (1.25–1.65) for heavy drinking6 

𝑦𝑦 = exp(0.006279𝑥𝑥) 
Rectum 

Liver and intrahepatic bile 

ducts 
(Bagnardi et al., 2015)  

RR 1.00 (0.85−1.18) for light drinking4 

RR 1.08 (0.97−1.20) for moderate drinking5 

RR 2.07 (1.66–2.58) for heavy drinking6 

𝑦𝑦 = exp�0.00017𝑥𝑥2 − 0.00069√𝑥𝑥� 

Larynx (Bagnardi et al., 2015)  

RR 0.87 (0.68−1.11) for light drinking4 

RR 1.44 (1.25–1.66) for moderate drinking5 

RR 2.65 (2.19–3.19) for heavy drinking6 

𝑦𝑦 = exp(0.01462𝑥𝑥 − 0.00002𝑥𝑥2) 

Breast (Bagnardi et al., 2015)  

RR 1.04 (1.01–1.07) for light drinking4 

RR 1.23 (1.19–1.28) for moderate drinking5  

RR 1.61 (1.33–1.94) for heavy drinking6 

𝑦𝑦 = exp(0.01018𝑥𝑥) 

Diabetes mellitus 

Diabetes mellitus (type II) (Knott et al., 2015) 

RR <1 for consumption level of <63 g/day 

RR 1 for consumption level of 63 g/day 

RR >1 for consumption level of >63 g/day 

𝑦𝑦 = 0.0000640797 𝑥𝑥2

−  0.00128159 𝑥𝑥 

+  0.826408 

Diseases of the nervous system 

                                            
7 Oesophagus squamous cell carcinoma only. 
8 Results are given for malignant neoplasm of colorectum. 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 

Epilepsy and Status 

epilepticus 
No update 

RR 1.37 (1.28–1.47) at 25 g/day 

RR 1.86 (1.62–2.13) at 50 g/day 

RR 3.44 (2.61–4.52) at 100 g/day 

Non-linear9 

Cardiovascular diseases 

Hypertensive diseases 
(Briasoulis, Agarwal, & 

Messerli, 2012)10 

Male 

RR 1.03 (0.94–1.13) at <10 g/day 

RR 1.15 (0.99–1.33) at 11 to 20 g/day 

RR 1.07 (0.86–1.34) at 21 to 30 g/day 

RR 1.77 (1.39–2.26) at 31 to 40/day 

RR 1.17 (0.84–1.65) at 41 to 50/day  

RR 1.61 (1.31–1.87) at >50/day  

 

Female 

RR 0.87 (0.82–0.92) at <10 g/day 

RR 0.9 (0.87–1.04) at 11 to 20 g/day 

RR 1.16 (0.91–1.46) at 21 to 30 g/day 

RR 1.19 (1.07–1.32) at >30 g/day  

Male 

Stepwise function11 

 

Female 

J-shaped (version 2)12 

                                            
9 Of the form 𝑦𝑦 = exp (𝑎𝑎1 ln 𝑥𝑥 + 𝑎𝑎2) 
10 Results are given for hypertension. 
11 Stepwise linear functions consist of several constant sections, connected linearly. 
12 Of the form 𝑦𝑦 = exp(𝑎𝑎1𝑥𝑥 + 𝑎𝑎2 𝑙𝑙𝑙𝑙𝑙𝑙10 𝑥𝑥) 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 

Ischaemic heart disease 

(Angus, Henney, Webster, 

& Gillespie, 2019; 

Roerecke & Rehm, 2012) 

Male 

RR 0.82 (0.65–1.02) at <2.5 g/day 

RR 0.77 (0.65–0.92) at 2.5 to 12 g/day 

RR 0.75 (0.64–0.88) at 12 to 24 g/day 

RR 0.74 (0.53–1.02) at 24 to 36 g/day 

RR 0.99 (0.90–1.08) for former drinkers13 

 

Female 

RR 0.91 (0.78–1.07) at <2.5 g/day 

RR 0.54 (0.45–0.65) at 2.5 to 12 g/day  

RR 0.61 (0.38–0.99) at 12 to 24 g/day 

RR 0.40 (0.14–1.13) at 24 to 36 g/day 

RR 1.11 (0.94–1.32) for former drinkers14 

Male 

𝑦𝑦 = ln 𝑥𝑥  −  0.0989113 √𝑥𝑥 

 

Female 

𝑦𝑦 = −0.296842√𝑥𝑥 + 0.0392805𝑥𝑥 

Cardiac arrhythmias (Wood et al., 2018)  
HR 1.17 (0.86-1.60) per 100 g/week higher 

consumption 
𝑦𝑦 = 0.0119𝑥𝑥 + 1 

Heart failure (Wood et al., 2018)  
HR 1.09 (1.03–1.15) per 100 g/week higher 

consumption 

Male 

𝑦𝑦 = 0.007𝑥𝑥 + 1 

 

Female 

𝑦𝑦 = −0.0042𝑥𝑥 + 1 

                                            
13 (Jones & Bellis, 2013) 
14 (Jones & Bellis, 2013) 



Alcohol-attributable fractions for England: An update 
Appendix 2: Technical appendix 

17 

Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 

Haemorrhagic stroke (Wood et al., 2018)  
HR 1.17 (1.12–1.23) per 100 g/week higher 

consumption 

Mortality - Male 

Linear 

 

Mortality – Female 

J-shaped (version 2) 

 

Morbidity 

𝑦𝑦 = 0.0119𝑥𝑥 + 1 

Ischaemic stroke 
(Wood et al., 2018; Zheng 

et al., 2015)15 

HR 1.13 (1.09–1.18) per 100 g/week higher 

consumption 

Mortality 

𝑦𝑦 = 0.0013𝑥𝑥 + 1 

 

Morbidity 

𝑦𝑦 = 0.0119𝑥𝑥 + 1 

Oesophageal varices No update See unspecified liver disease See unspecified liver disease 

Respiratory infections 

Pneumonia No update 

RR 1.12 (1.02–1.23) for 24 g/day 

RR 1.33 (1.06–1.67) for 60 g/day 

RR 1.76 (1.13–2.77) for 120 g/day 

Linear 

Digestive diseases 

                                            
15 In (Zheng et al., 2015), results are given by gender. 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 
Gastro-oesophageal 

laceration haemorrhage 

syndrome 

No update N/A N/A 

Unspecified liver disease No update 

Male 

RR 1.0 (0.6–1.6) for 0 to 12 g/day 

RR 1.6 (1.4–2.0) for 12 to 24 g/day 

RR 2.8 (2.3–3.4) for 24 to 36 g/day 

RR 5.6 (4.5–7.0) for 36 to 48 g/day 

RR 7.0 (5.8–8.5) for 48 to 60 g/day 

RR 14.0 (11.7–16.7) for >60 g/day 

 

Female  

RR 1.9 (1.1–3.1) for 0 to 12 g/day 

RR 5.6 (4.5–6.9) for 12 to 24 g/day 

RR 7.7 (6.3–9.5) for 24 to 36 g/day 

RR 10.1 (7.5–13.5) for 36 to 48 g/day 

RR 14.7 (11.0–19.6) for 48 to 60 g/day 

RR 22.7 (17.2–30.1) for >60 g/day 

Stepwise linear 

Cholelithiasis (gall stones) 
(Shabanzadeh, Sorensen, 

& Jorgensen, 2016)  
OR 0.99 (0.98; 1.00) Constant 

Acute and chronic 

pancreatitis 
(Shabanzadeh et al., 2016) RR 0.91 (0.70, 1.18) for 0.1 to 40 g/day Non-linear 
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Condition New Sources Value(s) in New Sources1 Dose-Response Relationship2 
Skin diseases 

Psoriasis No update N/A N/A 

Pregnancy and childbirth 

Spontaneous abortion No update 
RR 1.20 for <16 g/day 

RR 1.76 for >16 g/day 
Stepwise linear 

Low birth weight No update 

RR 1.03 (0.96-1.11) at 12 g/day 

RR 1.23 (1.10–1.36) at 24 g/day 

RR 1.50 (1.30–1.73) at 36 g/day 

RR 1.86 (1.54–2.24) at 48 g/day 

RR 2.32 (1.83–2.93) at 60 g/day 

RR 2.91 (2.18-3.88) at 72 g/day 

RR 3.67 (2.60-5.17) at 84 g/day 

J-shaped (version 1)16 

                                            
16 Of the form 𝑦𝑦 = exp�𝑎𝑎1𝑥𝑥 + 𝑎𝑎2√𝑥𝑥� 
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Population attributable fraction 

methodology 
Alcohol attributable fractions (AAFs) related to alcohol consumption for chronic 

diseases were calculated using the following equation for each age and gender 

group (Kelly, Pashayan, Munisamy, & Powles, 2009; Jürgen Rehm et al., 2004; B. 

Taylor et al., 2009; B. Taylor et al., 2010): 

𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑅𝑅𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∫ 𝑝𝑝(𝑥𝑥)𝑟𝑟𝑟𝑟(𝑥𝑥)𝑑𝑑𝑑𝑑150

>0 − 1

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑅𝑅𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∫ 𝑝𝑝(𝑥𝑥)𝑟𝑟𝑟𝑟(𝑥𝑥)𝑑𝑑𝑑𝑑150
>0

 (3) 

where  
1 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (4) 

and 
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎  = proportion of lifetime abstainers in the age- and gender-specific 

group 

𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = proportion of former drinkers in the age- and gender-specific group 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = proportion of current drinkers in the age- and gender-specific group 

𝑝𝑝(𝑥𝑥)  = probability distribution function of drinkers 

𝑅𝑅𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = relative risk (RR) for former drinkers 

𝑟𝑟𝑟𝑟(𝑥𝑥)  = relative risk function for a given alcohol consumption in grams/day 

The definite integral in the above equation can be approximated with a sum by use 

the discrete form the alcohol consumption level distribution. It is assumed that the 

alcohol consumption levels are discrete (𝑥𝑥 ∈ (𝑥𝑥1,𝑥𝑥2, 𝑥𝑥3, … , 𝑥𝑥𝑛𝑛)). The discrete 

distribution is then sampled at each 0.5 g/day interval. Additionally, it is assumed that 

the relative risk for former drinkers is equal to 1. The equation can therefore be 

approximated by: 

𝐴𝐴𝐴𝐴𝐴𝐴

=  
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �∑ �𝑝𝑝(0.5𝑖𝑖) − 𝑝𝑝�(𝑖𝑖 − 1) ∗ 0.5�� 𝑟𝑟𝑟𝑟(0.5𝑖𝑖)300

𝑖𝑖=1 � − 1

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 +  𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �∑ �𝑝𝑝(0.5𝑖𝑖) − 𝑝𝑝�0.5(𝑖𝑖 − 1)�� 𝑟𝑟𝑟𝑟(0.5𝑖𝑖)300
𝑖𝑖=1 �

 
(5) 
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where 𝑝𝑝(𝑥𝑥𝑖𝑖) was the probability mass function (discrete probability distribution) of the 

alcohol consumption level distribution 𝑝𝑝(𝑥𝑥) for each age- and gender-specific current 

drinker group, which was approximated with simulations with 100,000 trials. 

The AAFs for acute diseases were calculated by combining the results from two 

different methods (B. J. Taylor, Shield, & Rehm, 2011). The first method uses the 

prevalence of binge drinkers and the AAF refers to the alcohol attributable faction of 

acute conditions if all binge drinkers are given the same RR: 

𝐴𝐴𝐴𝐴𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒1𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒1 + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒2𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒2 − 1
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒1𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒1 + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒2𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒2

 (6) 

where 

𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒𝑖𝑖 = 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ �𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑖𝑖 − 1� + 1 (7) 

and 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎  = proportion of lifetime abstainers in the age- and gender-specific 

group 

𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = proportion of former drinkers in the age- and gender-specific group 

𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  = proportion of current drinkers who do not engage in binge drinking in 

the age- and gender-specific group 

𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒1  = proportion of current drinkers who engage in binge drinking (level 1) 

in the age- and gender-specific group 

𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒2  = proportion of current drinkers who engage in binge drinking (level 2) 

in the age- and gender-specific group 

𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒𝑖𝑖  = risk ratio for binge drinkers (level 𝑖𝑖) given a binge amount of alcohol 

consumed, corrected for both time at risk and number of drinking occasions 

𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑   = proportion of a given day during which a person binge drinks and is 

at risk 

𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑   = percentage of days the person undertakes binge drinking 

𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑖𝑖   = relative risk at binge drinking level 𝑖𝑖, not adjusted for the time at risk 

per occasion 
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The second method is based on the proportion of current drinks and the AAF refers 

to the attributable alcohol fraction when binge drinkers with difference alcohol 

consumption levels are given different RRs. 

𝐴𝐴𝐴𝐴𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∫ 𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥)𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥)𝑑𝑑𝑑𝑑150

>0 − 1

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∫ 𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥)𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥)𝑑𝑑𝑑𝑑150
>0

 (8) 

where 
𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥) = 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ (𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑥𝑥) − 1) + 1 (9) 

and 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎  = proportion of lifetime abstainers in the age- and gender-specific 

group 

𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = proportion of former drinkers in the age- and gender-specific group 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = proportion of current drinkers in the age- and gender-specific group 

including binge drinker and non-binge drinkers 

𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥) = probability distribution function of binge drinkers 

𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑥𝑥)  = risk ratio for binge drinkers given a binge amount of alcohol 

consumed, corrected for time at risk 

𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑥𝑥)  = relative risk at drinking level 𝑥𝑥, not adjusted for the time at risk 
per occasion 

In the above equation, it is assumed that non-binge drinkers have a risk ratio 
equal for binge drinking equal to 1. Additionally, we assume that the distribution 
of binge alcohol consumption is proportional to that of all alcohol consumption. 
For this reason, the equation is implemented in R in the following way: 

𝐴𝐴𝐴𝐴𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

=  
(1 − 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 �∑ �𝑝𝑝(0.5𝑖𝑖) − 𝑝𝑝�0.5(𝑖𝑖 − 1)�� 𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(0.5𝑖𝑖)300

𝑖𝑖=1 � − 1

(1 − 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 �∑ �𝑝𝑝(0.5𝑖𝑖) − 𝑝𝑝�0.5(𝑖𝑖 − 1)�� 𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(0.5𝑖𝑖)300
𝑖𝑖=1 �

 
(10) 

where  
1 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 +  𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 (11) 

and 
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎  = proportion of lifetime abstainers in the age- and gender-specific 

group 
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𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = proportion of former drinkers in the age- and gender-specific group 

𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  = proportion of current drinkers who do not engage in binge drinking in 

the age- and gender-specific group 

𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  = proportion of current drinkers who engage in binge drinking in the 

age- and gender-specific group 

𝑟𝑟𝑟𝑟𝑏𝑏𝑏𝑏𝑛𝑛𝑛𝑛𝑛𝑛(𝑥𝑥)  = risk ratio for binge drinkers given a binge amount of alcohol 

consumed, corrected for time at risk 

A comparison between the methods implemented in this study and the 

previous study 
The AAF for some diseases were reproduced with the methods above and input data 

as suggested in (Jones & Bellis, 2013). These AAFs are compared against those in 

the original report in Table 5. Most AAFs are identical to the original results. Most of 

the rest AAFs are different from the original results by 0.01 and a few of them has 

discrepancy up to 0.03. Two possible reasons contribute to the difference. One is the 

variance caused by simulations in R. The other reason is dose-to-response functions 

for some diseases were not explicitly stated in (Jones & Bellis, 2013) and slightly 

different algorithms may have been used in this study to approximate to function. 

AAFs for age group 75+ years have bigger differences, some of which are equal to 

0.06. In addition to the two reasons above, an upper age limit may have been used 

in (Jones & Bellis, 2013) and was not explicitly stated in the report.  

The reproduced AAFs for acute conditions have noticeable difference to the original 

results, with peak value equal to 0.09. The difference may be related to the following 

two reasons. First, the RRs for acute conditions were not reported in (Jones & Bellis, 

2013) and only odds ratios were available in the paper referenced in this report. RRs 

can be approximated from odds ratios in cases where the disease/outcome is very 

rare. However, it is unclear how the odds ratios were converted to RRs in (Jones & 

Bellis, 2013) or if the odd ratios were used directly. A different variable could lead to 

different normalisation coefficients in the calculation.
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Table 5: Reproduced results from (Jones & Bellis, 2013) for some conditions 

Condition17 

Age/Gender Group 

16-24 25-34 35-44 45-54 55-64 65-74 75-84 

M F M F M F M F M F M F M F 

Infectious and parasitic diseases 

Tuberculosis 
Original 0.30 0.19 0.33 0.17 0.34 0.21 0.35 0.22 0.35 0.20 0.31 0.14 0.22 0.11 

UKHF 0.30 0.19 0.33 0.17 0.33 0.21 0.35 0.22 0.35 0.20 0.30 0.14 0.21 0.11 

Malignant neoplasm of: 

Oesophagus 
Original 0.58 0.49 0.61 0.48 0.61 0.53 0.63 0.53 0.63 0.51 0.60 0.45 0.52 0.38 

UKHF 0.58 0.49 0.61 0.47 0.61 0.52 0.63 0.53 0.63 0.50 0.59 0.44 0.52 0.35 

Colorectum 
Original 0.16 0.11 0.18 0.12 0.18 0.13 0.19 0.14 0.19 0.13 0.17 0.11 0.13 0.11 

UKHF 0.16 0.10 0.17 0.09 0.18 0.11 0.19 0.12 0.18 0.11 0.16 0.08 0.11 0.05 

Liver and intrahepatic bile ducts 
Original 0.15 0.11 0.17 0.11 0.17 0.12 0.18 0.13 0.18 0.12 0.16 0.10 0.12 0.11 

UKHF 0.16 0.10 0.17 0.09 0.18 0.11 0.18 0.12 0.18 0.10 0.16 0.07 0.11 0.05 

Larynx 
Original 0.35 0.25 0.39 0.23 0.39 0.28 0.41 0.29 0.41 0.27 0.36 0.21 0.28 0.17 

UKHF 0.35 0.24 0.39 0.21 0.39 0.27 0.41 0.27 0.41 0.25 0.36 0.18 0.26 0.12 

Breast 
Original N/A 0.12 N/A 0.13 N/A 0.14 N/A 0.15 N/A 0.14 N/A 0.12 N/A 0.11 

UKHF N/A 0.12 N/A 0.11 N/A 0.14 N/A 0.14 N/A 0.13 N/A 0.10 N/A 0.07 

Diseases of the nervous system 

Epilepsy and Status epilepticus 
Original 0.32 0.22 0.35 0.20 0.35 0.24 0.37 0.25 0.37 0.23 0.33 0.18 0.24 0.15 

UKHF 0.32 0.21 0.35 0.18 0.35 0.23 0.37 0.24 0.37 0.21 0.32 0.15 0.23 0.10 

Respiratory infections 

                                            
17 See Table 1 in main report for ICD-10 code(s) used for each condition 
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Condition17 

Age/Gender Group 

16-24 25-34 35-44 45-54 55-64 65-74 75-84 

M F M F M F M F M F M F M F 

Pneumonia 
Original 0.12 0.07 0.14 0.06 0.14 0.08 0.15 0.08 0.15 0.08 0.13 0.05 0.10 0.03 

UKHF 0.10 0.06 0.12 0.04 0.12 0.06 0.13 0.07 0.13 0.06 0.10 0.03 0.06 0.01 

Digestive disease 

Acute and chronic pancreatitis 
Original 0.35 0.17 0.39 0.14 0.40 0.20 0.43 0.21 0.43 0.18 0.35 0.12 0.20 0.10 

UKHF 0.36 0.18 0.39 0.13 0.40 0.20 0.42 0.21 0.42 0.18 0.35 0.09 0.21 0.02 

Pregnancy and childbirth 

Low birth weight 
Original N/A 0.05 N/A 0.03 N/A 0.05 N/A 0.06 N/A N/A N/A N/A N/A N/A 

UKHF N/A 0.06 N/A 0.03 N/A 0.05 N/A 0.06 N/A N/A N/A N/A N/A N/A 

Unintentional injuries 

Road/pedestrian traffic accidents - 

Morbidity 

Original 0.28 0.17 0.31 0.15 0.26 0.15 0.27 0.15 0.19 0.09 0.11 0.05 0.04 0.02 

UKHF 0.22 0.08 0.28 0.06 0.26 0.10 0.30 0.09 0.23 0.05 0.11 0.02 0.02 0.00 
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