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eText 1. Population impact methods 

Modelling the distribution of blood pressure: The “belly curve” 
In order to estimate the change in blood pressure distributionFN1 among populations, a new distribution was designed 
as an alternative to a simple normal distribution.  A normal distribution does not adequately fit the distribution of 
blood pressure in European societies, as it underestimates the higher prevalence and the longer tail on the right hand 
side compared to the left hand side (for examples of blood pressure distributions; 1-8).  This distribution which we 
refer to as the “belly curve” is an attempt to model the asymmetric distribution of blood pressure as shown in 
representative studies for the general population (1-8; see also 9). 
 
The belly curve was designed according to the following rules about its shape: 

1) The shape of the belly curve is made up of one half of a normal distribution to the right and left of its 
modus.  

2) The standard deviation of the normal distribution making up the right half of the belly curve is twice that of 
the other.  

3)  The two normal distribution halves are multiplied by constants so as to yield a continuous distribution.  
 
Based on these assumptions, it is possible to reverse engineer the required normal distributions if the overall mean 
and standard deviation of the final belly curve are known, therefore it is possible to obtain a belly curve fitting the 
mean and standard deviations found in surveys or other data.  
The standard deviation of the normal distribution on the left of the modus of the belly curve  σ left, the modus of the 
belly curve, the mean of the of the belly curve, µ, and the standard deviation of the belly curve, σbelly, are linked 
through the following expressions: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝜇𝜇 − �2
𝜋𝜋
∙ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 

 𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏2 = 𝜇𝜇2 + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀2 + 2 ∙ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ∙ �2
𝜋𝜋
∙ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 3 ∙ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2 − 2 ∙ 𝜇𝜇 ∙ �𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + �2

𝜋𝜋
∙ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙� 

We validated the curve by reproducing the actual distributions of blood pressure among people in the general 
population as well as among people with hypertension (controlled and uncontrolled) in Finland ,1,2 Germany, 5 
Spain 3,6,7 and the UK. 8 

Modelling the effects of interventions 
The above expressions allow us to derive a belly curve for any given mean and standard deviation.  To estimate the 
effects of interventions, 1 000 000 samples are created from the belly curve and a proportional decrease in blood 
pressure is applied to a subset of the samples, as given by the percentage of people with hypertension receiving the 
respective intervention.  

Overall, two steps are required for a comparison of the current status with an alternative scenario where 50% of the 
people with problematic drinking (e.g., as defined by the AUDIT) receive additional interventions modelled as the 
average intervention in the randomized clinical trials described in the main text:   

1) An initial belly curve was created using the current known mean and standard deviation of high blood 
pressure among people with hypertension (in our case this was based on the sex and age-specific means and 
standard deviations from the Health Survey of England 201410).  

2) The effect of the intervention for problem drinking was assessed by decreasing blood pressure of a 
randomly sampled subset of the belly distribution from step 1.  The subset was chosen to reflect the 
prevalence of people with drinking levels of more than 24 grams pure alcohol, multiplied by the coverage 

                                                           
1 For this article, we restricted ourselves to modelling systolic blood pressure, but the methodology can be used to model either systolic or 
diastolic blood pressure in the general population in European countries.  It has also been validated to model these distributions in hypertensive 
populations. 
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rate.  The size of the sex- and level of alcohol consumption-specific decrease was modelled based on the 
meta-analysis described in the main text. 
 

As indicated above, our analysis assumes a coverage rate of alcohol interventions by 50%. We chose this potential 
coverage rate of 50% as this is the current intervention rate for depression in Europe or North America11; depression 
is the most common mental disorder with similar levels of stigmatization as problematic alcohol use. 

Modelling the effect of the changed distribution of blood pressure on cardiovascular diseases 
To estimate the amount of deaths avoided with the intervention described here, we have to compare the blood 
pressure distributions before and after the intervention. 

Conservatively, it is further assumed, that people with a systolic blood pressure below 140 mm Hg have a relative 
risk of 1.  

In the case where the blood pressure distributions are known before and after the interventions, the avoided deaths 
can be computed as follows:  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  
∫𝑃𝑃𝐻𝐻𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐵𝐵𝐵𝐵) ∗ 𝑅𝑅𝑅𝑅(𝐵𝐵𝐵𝐵) 𝑑𝑑𝑑𝑑𝑑𝑑 − ∫𝑃𝑃𝐻𝐻𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝐵𝐵𝐵𝐵) ∗ 𝑅𝑅𝑅𝑅(𝐵𝐵𝐵𝐵) 𝑑𝑑𝑑𝑑𝑑𝑑

𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + ∫𝑃𝑃𝐻𝐻𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝐵𝐵𝐵𝐵) ∗ 𝑅𝑅𝑅𝑅(𝐵𝐵𝐵𝐵) 𝑑𝑑𝑑𝑑𝑃𝑃
 

Where Pnormotensive is the proportion of people with systolic blood pressure below 140 mm Hg, PHTAfterInt (BP) is the 
blood pressure (BP) distribution after the intervention, PHTBeforeInt (BP) is the blood pressure distribution before any 
intervention, and RR(BP) is the relative risk of dying from or being hospitalized because of a given disease for a 
given blood pressure. The RR(BP) functions were taken from the meta-analysis of Singh and colleagues.12 

Data on causes of death and hospitalizations 
Mortality data for the UK were taken from the WHO Global Health Estimates 
(http://www.who.int/healthinfo/global_burden_disease/en/ accessed 22/02/2015), and hospitalizations from 
Bhatnagar and colleagues13 with age distributions from the UK.14 

eText 2. Additional details for data extraction, exposure and outcome definitions 

Two reviewers independently excluded articles based on title and abstract or full-text, and abstracted the data. Any 
discrepancies were resolved in consultation with a third reviewer. From all relevant trials we extracted the first 
author’s name; year of publication; country; calendar year(s) of study conduct; setting of the study; baseline, follow-
up, and change in alcohol consumption; nature of the alcohol intervention (eg, counselling, detox, substitution with 
low alcohol content beverages, administration of alcohol in a hospital setting); age and body mass index (BMI, 
range, mean or median) at baseline; sex (percentage of men and women); number of participants; baseline, follow-
up, and change in SBP and DBP and its standard error or confidence interval by alcohol exposure period; inclusion 
and exclusion criteria for each trial; and subgroup results defined by hypertension status at baseline and sex.  

Because the alcohol content of standard drinks varies around the world (eg, 14 g pure alcohol in the US and 10 g in 
Australia), we converted reported mean total alcohol intake before and after the intervention in primary trials first 
into g/day and then standard drinks per day (d/day), assuming 12 g of pure alcohol per drink. Within each trial, 
different alcohol intake periods with equal alcohol content (eg, 100 ml gin or 272 ml red wine) were combined to 
yield an overall alcohol reduction effect. Similarly, no alcohol intake periods were combined (eg, de-alcoholized red 
wine, water). 

We restricted our inclusion to trials that reported a change in alcohol consumption with data on alcohol consumption 
at two periods (high vs low) and a corresponding change in BP measured in mm Hg. In case of duplicate 
publications of the same trial, we used the most comprehensive data available for each analysis. 

http://www.who.int/healthinfo/global_burden_disease/en/
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We used the reported mean difference (MD, 95% CI) for a corresponding change in BP by alcohol intake, where 
available. When such an estimate was not available, we calculated the MD (95% CI) in BP between the high alcohol 
consumption period and the lower alcohol consumption period based on reported means (and standard error or 
standard deviation) for alcohol consumption and BP for each period adjusted for the correlation between the two 
periods based on crossover trials with detailed information.15,16 
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eTable 1. Electronic search of Medline and Embase (through OVID) 

Medline(R) (1946-most recent) 

1 Humans/  
2 randomized controlled trial.pt. 
3 controlled clinical trial.pt. 
4 randomized.ab. 
5 placebo.ab. 
6 randomly.ab. 
7 trial.ab. 
8 Or/2-7 
 Alcohol terms 
9 exp Alcohol Drinking/ 
10 exp Alcoholic Intoxication/ 
11 exp binge drinking/ 
12 (alcohol* adj3 (drink* or consum* or intake)).mp. 
13 heavy drinking.mp. 
14 alcoholic beverages/ 
15 or/9-14 
 Disease terms 
16 hypertension/ 
17 hypertens$.tw. 
18 exp blood pressure/ 
19 blood pressure.mp. 
20 (resistant adj2 (hypertension or blood pressure)).mp. 
21 or/16-20 
22 1 AND 8 AND 15 AND 21 
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Embase (Embase+Embase Classic) 

1 Human/ 
2 randomized controlled trial/ 
3 crossover procedure/ 
4 double-blind procedure/ 
5 single-blind procedure/ 
6 random$.tw. 
7 (crossover$ or cross-over$).tw. 
8 placebo$.tw. 
9 (doubl$ adj blind$).tw. 
10 allocat$.tw. 
11 comparison.ti. 
12 trial.ti. 
13 or/2-12 
 Alcohol terms 
14 exp Alcohol Drinking/ 
15 exp Alcoholic Intoxication/ 
16 exp binge drinking/ 
17 (alcohol* adj3 (drink* or consum* or intake)).mp. 
18 heavy drinking.mp. 
19 alcoholic beverages/ 
20 or/14-19 
 Disease terms 
21 exp hypertension/ 
22 exp blood pressure/ 
23 (blood pressure or bloodpressure).mp. 
24 hypertens$.tw. 
25 exp resistant hypertension/ 
26 resistant hypertension.mp. 
27 or/21-26 
28 1 AND 13 AND 20 AND 27 
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eTable 2. Estimated avoided cardiovascular deaths and hospitalizations for the UK by sex and 
disease category for adults 35 and older 

 
Avoided hospitalizations Avoided deaths 

Disease category Women Men Women Men 

Rheumatic Heart Disease 4 13 0* 1 

Hypertensive Heart Disease 91 241 16 46 

Ischaemic Heart Disease 360 2619 46 301 

Cerebrovascular disease 272 995 41 124 

Other CVD 480 2196 22 80 

All CVD events 1207 6064 125 552 

Total CVD events 7272 678 
Sums may not add up due to rounding (hospitalizations and deaths were based on attributable fractions (see text) and thus were 
estimated with decimals. 
* 0 means less 0.5 estimated deaths in this category. 
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eFigure 1. Funnel plot for all trials, SBP 

 

 

 

  

0
1

2
3

4
5

S
ta

nd
ar

d 
er

ro
r o

f M
D

-10 -5 0 5 10
Mean difference (MD)

Funnel plot with pseudo 95% confidence limits



9 
 

eFigure 2. Funnel plot for all trials, DBP 
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eFigure 3. Pooled mean differences after removing each estimate one-by-one, SBP 
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eFigure 4. Pooled mean differences after removing each estimate one-by-one, DBP 
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eTable 3. Cochrane risk of bias analysis 

Reference 

Random 
sequence 

generation 
Allocation 

concealment 

Blinding of 
participants 

and 
personnel 

Blinding of 
outcome 

assessment 

Incomplete 
outcome 

data 
Selective 
reporting 

Abe et al., 1994 high high unclear low low low 
Aguilera et al., 1999 high high unclear low low low 
Baros et al., 2008 unclear high high unclear unclear unclear 
Chiva-Blanch et al., 
2012 

low unclear high unclear unclear unclear 

Cordain et al., 2000 unclear high high unclear low low 
Cox et al., 1993 unclear high high unclear low low 
Cushman et al., 1998 low high high unclear high unclear 
Droste et al., 2013 low high unclear low low low 
Estruch et al., 2011 low high high high high low 
Flanagan et al., 2002 unclear high high unclear low low 
Gepner et al., 2015 low unclear high unclear low low 
Gepner et al., 2016 low unclear high low low low 
Hansen et al., 2005 unclear high low low low low 
Howes et al., 1986 unclear high high low low low 
Hsieh et al., 1995 high unclear high high low low 
Kawano et al., 1998 unclear unclear high low low low 
Kawano et al., 1996 high high high unclear low low 
Kim et al., 2009 high high high high low low 
Lang et al., 1995 unclear unclear high unclear unclear unclear 
Maheswaran et al., 
1992 

low unclear unclear unclear high high 

Maiorano et al., 1995 unclear high high unclear unclear unclear 
Mori et al., 2016 low high high unclear high unclear 
Mori et al., 2015 low unclear high low low low 
Naissides et al., 2006 unclear high high unclear low low 
Parker et al., 1990 low unclear low unclear low low 
Puddey et al., 1985 unclear high high unclear low low 
Puddey et al., 1987 unclear high high unclear low low 
Puddey et al., 1992 unclear high high unclear low low 
Queipo-Ortuno et al., 
2012 

unclear unclear unclear unclear high low 

Rakic et al., 1998 unclear unclear high unclear low low 
Shai et al., 2007 unclear high high unclear low low 
Ueshima et al., 1993 low unclear high low low low 
Ueshima et al., 1987 low unclear high low low low 
Wallace et al., 1988 low unclear high low unclear unclear 
Zilkens et al., 2003 low high high unclear low low 
Zilkens et al., 2005 low unclear high unclear unclear unclear 
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