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Abstract 31 

Background 32 

Screening, brief intervention and referral to treatment (SBIRT) is a programme to reduce 33 

alcohol consumption for drinkers with high alcohol consumption levels. Only 2.9% of patients in 34 

primary health care (PHC) are screened for their alcohol use in Germany, despite high levels of 35 

alcohol consumption and attributable harm. We developed an open-access simulation model to 36 

estimate the impact of higher SBIRT delivery rates in German PHC settings on population-level 37 

alcohol consumption. 38 

Methods and findings 39 

A hypothetical population of drinkers and non-drinkers was simulated by sex, age, and 40 

educational status for the year 2009 based on survey and sales data. Risky drinking persons 41 

receiving BI or RT were sampled from this population based on screening coverage and other 42 

parameters. Running the simulation model for a ten-year period, drinking levels and heavy 43 

episodic drinking (HED) status were changed based on effect sizes from meta-analyses. 44 

In the baseline scenario of 2.9% screening coverage, 2.4% of the adult German 45 

population received a subsequent intervention between 2009 and 2018. If every second PHC 46 

patient would have been screened for alcohol use, 21% of adult residents in Germany would 47 

have received BI or RT by the end of the ten-year simulation period. In this scenario, population-48 

level alcohol consumption would be  12% lower than it was in 2018, without any impact on HED 49 

prevalence. Screening coverage rates below 10% were not found to have a measurable effect on 50 

drinking levels. 51 

Conclusions 52 

Large-scale implementation of SBIRT in PHC settings can yield substantial reductions of 53 

alcohol consumption in Germany. As high screening coverage rates may only be achievable in 54 

the long run, other effective alcohol policies are required to achieve short-term reduction of 55 

alcohol use and attributable harm in Germany. There is large potential to apply this open-access 56 

simulation model to other settings and for other alcohol interventions. 57 

Keywords:  58 

Alcohol use, drinking, screening, brief intervention, referral to treatment, primary health 59 

care, statistical modelling, simulation study, population distribution, SBIRT  60 
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Introduction 61 

Globally, alcohol use is a major risk factor for the burden of mortality and disease [1, 2]. 62 

Various initiatives have been set by the World Health Organization (WHO) and the United 63 

Nations has set objectives to reduce this burden [3]. Among five high-impact and cost-effective 64 

strategies to reduce alcohol use and the resulting burden of disease, the WHO recommends 65 

facilitating access to screening and brief interventions (SBI), and treatment [4-6]. 66 

Screening for alcohol use, brief intervention (if the alcohol use patterns exceed a certain 67 

threshold; BI), and referral to specialized treatment (RT; full acronym: SBIRT) is an evidence-68 

based practice used to identify, reduce, and prevent risky alcohol and other drug use and 69 

attributable harm (for an introduction, see [7, 8]; for overviews, see [9, 10]). 70 

In Germany, application of SBIRT is recommended by the ‘Guidelines on Screening, 71 

Diagnosis and Treatment of Alcohol Use Disorders’ [11], however, survey data from the federal 72 

state of Bremen suggest that only 2.9% of patients were screened by their primary health care 73 

(PHC) providers in 2016 [12]. Given the persistently high prevalence of alcohol use disorders 74 

(2018: men: 9.2%; women: 3.6%, [13]), alcohol per capita consumption (APC; recorded sales in 75 

2018: 10.8 litres, [14]), and alcohol-attributable mortality (2016: 45,000 or 5% of all deaths, 76 

[15]) in Germany, strategies to curb consumption and adverse consequences are urgently 77 

required and SBIRT presents a viable option. 78 

In a 2014 systematic review, 22 studies have been identified estimating the cost-79 

effectiveness of SBI programmes, none of which was performed for Germany [16]. The only 80 

application of a simulation model to quantify the effects of SBI in Germany known to the authors 81 

was carried out as part of a report issued by the Organization for Economic Co-operation and 82 

Development [17]. While the report found the potential of SBI to be sizeable, the results cannot 83 

be easily reproduced or the method extended, as the underlying programme was not published. 84 

In fact, none of the 22 studies identified in the 2014 review disclosed their simulation 85 

programmes [16]. Further, the two perhaps most common and internationally applied simulation 86 

programmes do not disclose their source code to the public (for applications of the programs, see 87 

[18] and [19]), making it impossible for other researchers to apply or adapt the programme on 88 

their own. 89 

In this contribution, we develop an open-access simulation model which serves to 90 

estimate the impact on increased SBIRT activities in PHC settings on population drinking 91 
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patterns and levels. We first give an extensive description of the simulation model and then 92 

present results of an application for Germany, testing how alcohol consumption would have 93 

changed if more patients would have been screened for their alcohol use in PHC settings. 94 

 95 

Materials and methods 96 

 97 

Fig 1. Flow-chart of simulation procedure. Round shapes represent simulation 98 

parameters; rectangular boxes represent the sample selected based on specified parameters; the 99 

loop repeats every year, for a period of 10 years. 100 

 101 

The methods employed can be summarized in four steps: 1) A complete time series of 102 

alcohol data, more specifically of drinking status and drinking levels, stratified by sex, age, and 103 

educational status, was obtained by combining survey and sales data for the years 2009 to 2018; 104 

2) A hypothetical population for the year 2009 was drawn, for which drinking status, as well as 105 
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drinking levels, were assigned based on data from the first step. 3) For risky drinking persons 106 

(definition see Table 1) who were identified by their treating general practitioners through 107 

alcohol screening in that year, effects of BI and RT were applied to change drinking levels and 108 

patterns. 4) We continued with step 3 in the next year but prior to applying effects from BI and 109 

RT, we accounted for: a) attenuating effects of BI and RT over time; and, b) secular changes in 110 

prevalence of any drinking and heavy episodic drinking (HED). The simulation procedure is 111 

outlined in Fig 1 and all simulation parameters are summarized in Table 1. 112 

 113 

Table 1. Description and sources of simulation parameters 114 

Type of 

parameter 

Description of parameter Source 

APC Recorded APC for all years 2009 to 2018  obtained from [20] 

Drinking 

status 

Prevalence of drinking status at base year, stratified by sex, age group, 
and educational level 

obtained from [13, 
21] 

Risky 

drinking 

Cutoffs to define low, medium and high risk drinking based gram pure 
alcohol intake per day (women: 21g and 41g; men: 41g and 61g) 

obtained from [22] 

PHC access 
Probability for PHC visits, stratified by sex, age group, educational 
level, and drinking level 

calculated from 
[23] 

Screening 

probability 

Probability of screening among PHC patients: baseline (2.9%) but 
varied in alternative scenarios (0%, 10%, 25%, 50%, 75%)  

baseline obtained 
from [12] 

Intervention 

probability 
Probability of BI and RT among positively screened patients: 50% obtained from [12] 

Effect size 

of brief 

intervention 

The proportional reduction of a) daily drinking levels (women: -15.8%, 
-31.1 to -1.1%; men: -12.0%, -18.6 to -5.7%) and b) risk reduction of 
HED (risk difference: -0.07, -0.12 to -0.02) 

a) recalculated and 
b) obtained from a 
meta-analysis [24]. 

Effect size 

of referral 

to treatment 

Effect size of RT, assumed to be the same as for BI  

Attenuation 

of effects 

The attenuation of intervention effects, assuming that BI effects to 
remain stable for a period of four years and to attenuate thereafter and 
reach 0 after ten years (linearly imputed for all years five to ten) 

according to [25] 
and [26] 

APC = pure alcohol per capita consumption; BI = Brief Intervention; HED = Heavy 115 

Episodic Drinking; PHC = Primary Health Care; RT = Referral to Treatment 116 

 117 

  118 
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Step 1: Obtaining a complete time series of alcohol data 119 

A complete time series of alcohol data was obtained by combining survey, alcohol sales, 120 

as well as population data. From a repeated large-scale cross-sectional survey conducted in 2009, 121 

2012, 2015, and 2018 (key survey results reported in [13, 21]), we obtained prevalence estimates 122 

for each drinking status (lifetime abstinence, former drinking - FD, and current, i.e., past-year, 123 

drinking - CD), heavy episodic drinking (HED, defined as at least one occasion on which at least 124 

60g pure alcohol was consumed in the past 30 days), as well as reported daily intake of pure 125 

ethanol (in grams per day, g/d). All data were stratified by sex (women, men), age group (15-34, 126 

35-49, 50-64, 65+ years), and educational level (low, middle, and high according to the 127 

International Standard Classification of Education [27]). HED prevalence was further stratified 128 

by drinking level, for low, medium, and high-risk drinkers. As risk thresholds, we referred to the 129 

WHO definition of low chronic risk (women: below 21 g/d, men: below 41 g/d), medium chronic 130 

risk (women: between 21 and 41 g/d, men: between 41 and 61 g/d), and high chronic risk 131 

(women: at least 41 g/d, men: at least 61 g/d [28]). Missing years in survey data were linearly 132 

imputed. Because surveys are prone to under-reporting real drinking levels (for an overview of 133 

under-reporting drinking levels in European surveys including the one used, see [29]), we 134 

referred to recorded APC from the World Health Organization for the years 2009 to 2018 [20], 135 

indicating the pure alcohol sold per adult per year in Germany. The APC was disaggregated for 136 

each sex-age-education group accounting for differences in survey-reported prevalence of 137 

current drinking and reported drinking levels, resulting in the average drinking levels per drinker 138 

in each group of interest. Lastly, sex, age, and education stratified population data for all years 139 

was obtained by combining population data from UN (providing data for all age groups and 140 

years, but not by education) and EUROSTAT (providing education breakup for all years, but 141 

only for age groups up to 74 years). As a result, we obtained a complete set of prevalence 142 

estimates for lifetime abstinence, former drinking, current drinking, and HED, as well as average 143 

drinking levels per drinker – for all years 2009 to 2018 and by sex, age, and education. These 144 

data served as input data for the next step. 145 

 146 

  147 
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Step 2: Simulating baseline alcohol consumption in the population 148 

For the year 2009, a population sample of 100 persons was drawn, stratified by sex, age, 149 

and educational level. Using binomial distributions, the drinking status prevalence estimates 150 

described in step 1 were used to determine the drinking status (either lifetime abstainer, former 151 

drinker, or current drinker) for each person. Second, we determined daily drinking levels (in 152 

grams pure alcohol per day) for each current drinker, which was drawn from a gamma 153 

distribution, which has been shown to approximate alcohol use self-reports from surveys [30, 154 

31]. Lastly, HED status was determined for each current drinker based on the data from step 1, 155 

again using binomial distributions. 156 

 157 

Step 3: Applying effects of SBIRT  158 

In order to apply the effects of SBIRT, the following four conditions had to be fulfilled: 159 

Persons had to: attend PHC; be screened for alcohol use; drink riskily; and receive a BI (for 160 

medium risk drinkers) or RT (for high-risk drinkers). In the following, each consecutive 161 

conditional step is described in detail. 162 

First, the prevalence of at least one annual PHC visit was obtained from a large-scale 163 

survey conducted in 2016 [23], assuming that these prevalences did not change over time. As 164 

with the alcohol data, the PHC visit prevalence estimates were also stratified by sex, age, 165 

education, and risky drinking status (low, medium, high; thresholds see above). Based on these 166 

prevalence estimates, binomial distributions were used to determine whether a person had at least 167 

one PHC visit in the current year.  168 

Second, the likelihood to be screened was set at 2.9% in the baseline scenario (as 169 

reported in a recent survey, [12]). In alternative scenarios, we repeated the simulation at 170 

screening rates of 0%, 10%, 25%, 50%, and 75%. This parameter served as the main 171 

manipulation for the simulation – as all other parameters were kept constant. For drinking 172 

persons attending PHC, binomial distributions with the screening rate were used to determine 173 

whether a person was screened for their level of alcohol use or not. 174 

Third, for positively screened persons, i.e., being screened and drinking above the 175 

medium or high risk thresholds, we assumed that every second person (regardless of sex, age, 176 
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education) would effectively receive a BI or RT, respectively (based on a recent survey of 177 

general practitioners [12]). 178 

Fourth, for positively screened persons receiving an effective intervention, the drinking 179 

levels were reduced based on effect sizes determined in a 2018 meta-analysis [24]. Rather than 180 

using the reported absolute reduction of drinking levels, we applied the proportional reduction of 181 

drinking levels from baseline to account for the above-mentioned under-reporting (see Table 1 182 

for effect sizes). In addition to manipulating the drinking levels for positively screened persons 183 

receiving BI or RT, the HED status was also changed based on effect sizes from the same meta-184 

analysis (see Table 1 for effect sizes). 185 

 186 

Step 4: Accounting for secular changes and attenuating intervention 187 

effects 188 

In this ten-year model, step 3, i.e., the application of SBIRT effects, was repeated for 189 

each year. However, prior to applying the effects in each year, we accounted for a) attenuating 190 

intervention effects from previous years, and b) secular changes in APC and drinking status 191 

prevalence. First, we assumed that intervention effects on drinking levels remained stable for a 192 

period of four years (according to [25]), attenuate thereafter, and nullify after ten years 193 

(according to [26], linearly imputed for all years five to ten). For drinkers giving up HED 194 

following BI or RT, we assumed that the chance to re-engage in HED was 50% chance starting 195 

from the second year post intervention. Second, we corrected drinking levels among drinkers and 196 

drinking status to match the observed trajectories in the input data. 197 

 198 

Sensitivity analysis 199 

Keeping all other parameters constant, we tested the impact of the attenuation of 200 

intervention effects over time. In an additional sensitivity analysis, we assumed that any 201 

intervention effect diminishes three years post intervention. 202 

 203 

  204 
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Reporting the simulation findings 205 

We simulated six scenarios: one baseline, or as-is scenario, with an annual screening rate 206 

of 2.9%, and five alternative scenarios, with annual screening rates of 0%, 10%, 25%, 50%, and 207 

75%. The outcomes of interest were drinking levels and prevalence of HED, which are the two 208 

alcohol exposure variables known to be most impacted by BI and RT delivered in PHC settings. 209 

All findings are reported against the baseline scenario for the final year 2018, thus 210 

describing the cumulative effects over a ten-year period. The simulations and all other analyses 211 

were performed in R version 4.0.3 [32]. All confidence intervals were estimated by repeating the 212 

simulation for 100 times, i.e., re-running the ten-year simulation for 100 different population 213 

samples and obtaining the 95% percentiles to estimate the degree of uncertainty around point 214 

estimates. The variation was the result of drawing parameters from their respective confidence 215 

intervals (CI; e.g. current drinking prevalence for low-educated women aged 15 to 34 in 2009 216 

ranged between 76.2% and 86.1%), except for recorded APC (no variation assumed for sales 217 

statistics). The complete R code including input data is appended to this paper to allow for 218 

complete reproducibility and adjustment of parameters to other settings (see S1 file). 219 

This simulation study did not involve any human subjects, thus, no ethical review was 220 

sought and no participant consent was obtained. As input data for the simulation, we obtained 221 

aggregated and fully anomized secondary data from previous surveys, which have undergone 222 

formal ethical reviews (for details, see [21, 23]). 223 

 224 

Results 225 

Alcohol exposure in Germany in the baseline scenario 226 

Between 2009 and 2018, alcohol consumption hardly changed in Germany. In this 227 

period, APC remained largely constant at around 11 litres pure alcohol, and the prevalence of 228 

current drinking slightly decreased, which was more pronounced among lower educated persons 229 

(from 77.9% to 73.8%) than among higher educated persons (from 92.8% to 90.4%). In 2018, 230 

73.8% of drinkers were estimated to have low risk drinking levels, while medium and high-risk 231 

drinking was present among 11.9% and 14.3% of drinkers. Prevalence of HED in 2018 among 232 

all adults was estimated at 34.8%. For 2009, all alcohol consumption estimates by sex, age, and 233 

education are presented in S1 Table and for all other years available in S1 file. 234 
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The simulation explained 235 

Fig 2 illustrates the simulation using the drinking level trajectories of three individual 236 

drinkers, sampled from the group of women aged 35 to 49 years with medium educational level. 237 

The green line was taken from the scenario without any screening activity, thus, the drinking 238 

level follows the observed trend of drinking levels in this population, as specified in the input 239 

data. The blue line was taken from the baseline scenario, thus, at a screening rate of 2.9%. This 240 

individual had a very similar trajectory of their drinking levels as the first individual – however, 241 

in 2015, they were screened and received an intervention (as indicated by the vertical line), thus, 242 

reducing their drinking level. For the remaining years, drinking levels rose again, which was 243 

driven by the secular trend in this population (as illustrated in the green line). Lastly, the brown 244 

line was taken from the scenario of 75% screening activity, and this individual received three 245 

interventions in the ten-year simulation period. 246 

 247 

 248 

Fig 2. Trajectory of daily drinking levels for three individuals. Each colour represents 249 

one individual and the vertical lines indicate reception of an intervention in that year (see text for 250 

explanation). 251 

 252 

Estimated coverage of SBIRT 253 

In the baseline, i.e., the as-is scenario, an estimated 18.0% (95% CI: 16.5% to 19.7%) of 254 

the adult population was screened at least once for alcohol use within the ten-year period, based 255 
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on an annual screening rate of 2.9%. If general practitioners screened every 10th person, about 256 

every second adult (55.7%, 95% CI: 53.2% to 58.7%) would have their alcohol use measured by 257 

the end of the decade (at 50% screening rate: 99.1%, 95% CI: 98.7% to 99.5%). 258 

Across the ten-year period, every 40th adult (2.4%, 95% CI: 1.8% to 3.1%) was estimated 259 

to have benefitted from an intervention, i.e., BI for medium risk and RT for high-risk drinkers, 260 

following alcohol screening in PHC in the baseline scenario. Increasing the screening rates to 261 

10%, 50%, or 75% would have increased the intervention rates to 7.5% (95% CI: 6.4% to 8.6%), 262 

21.2% (95% CI: 19.8% to 22.4%), or 23.8% (95% CI: 22.6% to 24.9%), respectively. 263 

The screening and intervention rates achieved by end of the ten-year period are illustrated 264 

in Fig 3.  265 

 266 

Fig 3. Alcohol screening and intervention rates at the end of the ten-year simulation 267 

period, depending on annual alcohol screening rate in German primary health care 268 

settings. The brown line is the percentage of the German population who was screened for their 269 

alcohol use. The green line is the percentage who received either a brief intervention (for 270 

medium-risk drinking) or were referred to treatment (for high-risk drinking). 271 

 272 
 273 

  274 
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Impact on APC and HED 275 

In Tables 2 and 3, the simulation results are presented for two outcomes of interest, the 276 

mean daily drinking levels and the prevalence of HED in the adult population. Comparing the 277 

2018 estimates of each alternative to the baseline scenario, the results suggest that mean daily 278 

drinking levels would not significantly differ if alcohol screening rates varied between 0% and 279 

10%. If alcohol use was assessed in every fourth patient, reductions in drinking levels among 280 

men and the youngest age groups could be achieved. At 50% and 75% screening rates, 281 

reductions in drinking levels in the entire population could have been achieved, which would be 282 

driven mainly by men, younger and older drinkers, and drinkers with medium or high 283 

educational level (see Table 2). 284 

 285 

  286 
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Table 2. Differences in mean drinking levels in different alcohol screening rate 287 

scenarios, as compared to baseline scenario at the end of the ten-year 288 

simulation period 289 

Screening 

coverage 
0% 10% 25% 50% 75% 

Total 

population
 

0.6% 
( -3.7 to  5.2%) 

-1.5% 
( -6.0 to  9.0%) 

-5.7% 
( -9.6 to  3.4%) 

-12.0% 

(-16.3 to  -6.1%) 

-17.1% 

(-21.3 to  -8.5%) 

Women 0.6% 
( -8.1 to  8.7%) 

-1.7% 
( -9.8 to 19.1%) 

-5.7% 
(-12.9 to 11.3%) 

-11.5% 
(-18.9 to   0.3%) 

-15.8% 
(-24.1 to   1.2%) 

Men 0.7% 
( -2.0 to  2.9%) 

-1.7% 
( -4.0 to  0.0%) 

-5.7% 

( -8.0 to -3.7%) 

-12.7% 

(-14.9 to -10.1%) 

-18.9% 

(-21.5 to -16.4%) 

15-34 1.0% 
( -3.4 to  3.9%) 

-2.5% 
( -7.2 to  1.2%) 

-7.6% 

(-11.6 to -3.5%) 

-15.9% 

(-19.3 to -11.9%) 

-23.4% 

(-26.6 to -19.8%) 

35-49 0.1% 
( -9.0 to 11.6%) 

-1.7% 
(-11.5 to 24.7%) 

-5.2% 
(-12.2 to 30.6%) 

-9.9% 
(-17.8 to   4.2%) 

-14.6% 

(-21.7 to  -3.3%) 

50-64 0.6% 
(-16.1 to 14.5%) 

-0.7% 
(-14.7 to 21.3%) 

-3.9% 
(-18.1 to 11.0%) 

-8.5% 
(-23.3 to   8.6%) 

-12.0% 
(-26.0 to   3.1%) 

65-99 0.9% 
( -8.3 to  8.6%) 

-1.8% 
( -9.6 to  8.9%) 

-6.4% 
(-14.3 to  4.9%) 

-13.2% 

(-20.9 to  -5.6%) 
-18.2% 

(-25.2 to  -9.6%) 

Low 1.2% 
( -5.4 to 11.8%) 

-1.4% 
( -8.1 to 15.2%) 

-6.4% 
(-11.7 to  8.5%) 

-13.0% 
(-19.6 to   4.3%) 

-18.6% 

(-24.3 to -10.1%) 

Medium  0.2% 
( -6.7 to  6.4%) 

-2.5% 
( -9.4 to 17.0%) 

-6.6% 
(-13.1 to  9.0%) 

-13.1% 

(-21.9 to  -5.3%) 

-18.1% 

(-25.1 to  -5.6%) 

High 0.7% 
( -2.6 to  6.0%) 

-1.3% 
( -4.9 to  8.2%) 

-4.4% 
( -7.8 to  1.3%) 

-9.3% 

(-13.2 to  -3.2%) 

-13.8% 

(-17.0 to  -9.7%) 

Note. Presented are relative changes of mean drinking levels to the as-is-scenario, with a 290 

screening rate of 2.9%. 95% confidence interval in brackets. Bold results indicate confidence 291 

intervals not overlapping with 0, indicating significant differences to the baseline scenario. 292 

Low/Medium/High refers to educational status  293 

 294 
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In Figs 4 and 5, four trajectories of APC are presented by age and educational level, for 296 

the baseline and three scenarios with higher annual alcohol screening coverage. As illustrated in 297 

Fig 4 for women, the APC trajectories and their corresponding confidence intervals show a high 298 

overlap in most groups, suggesting no significant impact of SBIRT on drinking levels. However, 299 

significant reductions of drinking levels could have been achieved for five out of twelve 300 

subgroups if one out of two PHC patients were screened for their alcohol use: 15 to 34 year olds 301 

with low and middle education levels, 35 to 49 year olds with high education levels, and 65 to 99 302 

year olds with low and high education levels. 303 

  304 
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 305 

 306 

Fig 4. Trends of alcohol per capita consumption (in litres pure alcohol) among 307 

German women between 2009 and 2018, stratified by age (horizontal) and education status 308 

(vertical), by annual screening coverage (coloured shade). In each facet, the upper line 309 

represents the baseline scenario with a screening rate of 2.9%. The increasing coverage rate is 310 

represented by all lower lines with the second highest representing 10%, the third highest 311 

representing 50%, and the lowest representing 75% screening coverage rate. 312 

 313 
314 
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For men (Fig 5), APC trajectories showed greater deviation across the screening 315 

scenarios. If every second PHC patient was screened for their alcohol use, reductions in all 316 

except for two out of twelve subgroups could have been achieved: 35 to 49 year olds with low 317 

education levels, and 50 to 64 year olds with low education levels. 318 

  319 
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 320 

Fig 5. Trends of alcohol per capita consumption (in litres pure alcohol) among 321 

German men between 2009 and 2018, stratified by age (horizontal) and education status 322 

(vertical), by annual screening coverage (coloured shade). In each facet, the upper line 323 

represents the baseline scenario with a screening rate of 2.9%. The increasing coverage rate is 324 

represented by all lower lines with the second highest representing 10%, the third highest 325 

representing 50%, and the lowest representing 75% screening coverage rate. 326 

 327 
 328 
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For HED prevalence, the simulation results suggest that no significant reductions could 329 

have been achieved, even at a 75% screening rate (see Table 3). 330 

 331 

Table 3. Differences in prevalence of heavy episodic drinking in different 332 

alcohol screening rate scenarios, as compared to baseline scenario at the end 333 

of the ten-year simulation period 334 

Screening 

coverage 
0% 10% 25% 50% 75% 

Total 

population
 

1.6% ( -4.6 to 

11.2%) 
 0.2% ( -5.2 to  

9.3%) 
-1.1% ( -8.2 to  

7.0%) 
-3.7% (-10.8 to  

2.7%) 

-5.4% (-12.2 to  

1.2%) 

Women 3.1% ( -9.5 to 

20.5%) 
 1.0% ( -8.2 to 

15.0%) 
-1.4% (-14.9 to 

12.4%) 
-4.0% (-17.3 to  

9.5%) 
-4.5% (-16.6 to  

7.1%) 

Men 0.5% ( -4.1 to  

4.6%) 
 0.0% ( -4.7 to  

4.2%) 
-1.1% ( -5.9 to  

4.2%) 

-3.2% ( -9.6 to  

0.6%) 

-5.6% ( -9.8 to -

1.2%) 

15-34 0.0% ( -5.6 to  

6.4%) 
-0.5% ( -6.6 to  

8.1%) 
-1.6% ( -9.4 to  

5.8%) 

-6.0% (-13.7 to  

1.6%) 

-7.5% (-13.2 to -

1.3%) 

35-49 0.9% (-11.3 to 

19.6%) 
 0.5% (-12.4 to 

17.4%) 
-0.9% (-16.8 to 

14.1%) 
-2.5% (-16.6 to 

11.8%) 
-6.4% (-20.5 to 

14.0%) 

50-64 2.3% (-13.8 to 

32.4%) 
 1.7% (-18.1 to 

25.5%) 
-0.3% (-15.0 to 

23.8%) 
-2.8% (-17.2 to 

19.7%) 
-2.3% (-17.3 to 

16.8%) 

65-99 1.3% ( -7.1 to 

15.6%) 
-0.4% (-12.3 to 

13.4%) 
-2.2% (-13.8 to 

11.0%) 
-4.9% (-15.6 to  

6.1%) 
-7.1% (-18.0 to  

7.7%) 

Low 1.5% ( -6.7 to 

10.9%) 
 1.3% ( -7.9 to  

8.9%) 
-0.5% ( -8.7 to 

14.4%) 
-2.8% (-10.8 to  

9.4%) 
-4.0% (-14.4 to  

9.9%) 

Medium 1.2% ( -8.6 to 

16.9%) 
 0.6% ( -9.8 to 

14.2%) 
-1.3% (-12.2 to 

10.7%) 
-4.6% (-14.6 to  

6.8%) 

-5.5% (-17.2 to  

7.6%) 

High 0.2% ( -8.2 to 

13.9%) 
 0.3% ( -7.8 to 

11.1%) 
-1.8% (-11.1 to  

7.3%) 
-4.3% (-13.1 to  

5.2%) 

-6.0% (-15.0 to  

3.4%) 

Note. Presented are relative changes to the as-is-scenario, with a screening rate of 2.9%. 335 

95% confidence interval in brackets. All confidence intervals overlap with 0, thus indicating no 336 

significant difference to the baseline scenario. Low/Medium/High refers to educational status.337 
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Sensitivity analyses 

In sensitivity analyses, we modeled the impact of SBIRT under the more conservative 

assumption according to which the intervention effects would completely diminish three years 

post intervention, as compared to the slower attenuation beginning only five years post 

intervention as implemented in the main analyses. As illustrated in Fig 6, the scenarios of 0 to 

25% screening coverage are robust to the underlying assumption, i.e., changing the assumption 

would have no significant impact on the estimated drinking levels. However, in the scenarios of 

50% and 75% screening coverage, the more conservative assumption would result in APC at the 

end of the ten-year simulation period to be, respectively, 6.1% (1.5 to 11.4%) and 6.9% (2.5 to 

10.4%) higher. 
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Fig 6. Trends of alcohol per capita consumption (in litres pure alcohol) in the 

German adult population between 2009 and 2018, by annual screening coverage (indicated 

at the right).  
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Discussion 

Principal findings 

The impact of SBIRT delivered in German PHC settings on population level alcohol 

exposure was quantified using a newly developed simulation model. We built a time series of 

alcohol exposure data by combining sales and survey data for the years 2009 to 2018 and 

assessed how alternative screening activities in PHC would have altered the observed 

trajectories. Our findings suggest that screening up to one tenth of patients per year would not 

have significantly changed how alcohol consumption has developed in Germany in this time 

period. Only if one fourth or more PHC patients had been screened for alcohol use once a year, a 

significant reduction over the ten-year period would have been observed in select groups. If 

every second PHC patient had been screened for alcohol use annually, per capita consumption 

would have been 12% lower in 2018. 

 

Limitations 

Before further discussing the findings of this study, we need to highlight several 

limitations. First and foremost, as with any simulation study, we rely on assumptions that may 

not hold true. We have attempted to be transparent with all assumptions, reporting all parameters 

used in the simulation, and performing rigorous sensitivity analyses to test one key assumption. 

While simulation studies can provide important insights for policy planning, the results should 

always be treated with caution. Importantly, the larger the deviations from the as-is-scenario the 

larger the uncertainties. Second, we tried to rely mostly on local data, except for effect sizes and 

attenuation parameters. Following this approach and given a lack of empirical data for Germany, 

we assumed the same probability for screening and BI for all drinkers, regardless of their 

socioeconomic position. However, BI reception was more often reported by socioeconomically 

disadvantaged drinkers in England [33], and if similar patterns were present in Germany, this 

would change the simulation findings accordingly. Third, we assume that effect sizes for BI and 

RT are similar, however, this might not be the case. People with very high drinking levels or 

with severe alcohol problems may not benefit from BI [34], however, recognition of their 

problems by PHC professionals through screening may result in the initiation of pharmacological 

and withdrawal treatment that may have greater effectiveness (for effects, see [35-37]). 
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However, this implication is not considered in our simulation, as we followed a conservative 

approach in assuming that BI and RT effect sizes are similar. 

 

Application of the simulation model 

We present an open-access simulation model that serves to estimate changes in alcohol 

consumption levels and patterns based on the implementation of alcohol interventions. Unlike 

most other simulation models, the entire source code and all input data are attached to this 

submission, enabling other researchers to adapt our work to other settings. Thus, this work 

prepares the ground for a number of applications, e.g., for estimating the potential of scaling up 

PHC-based alcohol interventions in other jurisdictions, or for assessing the impact of withdrawal 

interventions in inpatient settings (see e.g., [36]). If combined with health outcomes, e.g. by 

using the open-access programme InterMAHP [38], our simulation model can be readily adapted 

to perform health economic studies, such as cost-effectiveness analyses. 

 

Comparison with other simulation studies 

Several other simulations have quantified the effects of scaling up SBIRT (for an 

overview, see [16]), however, we are only aware of one application for Germany. In a 2015 

report, the Organization for Economic Co-operation and Development, the effects of BI were 

estimated for a screening coverage of 40% and a 30% intervention probability for positive 

screened patients, with the effects waning within 12 months after receiving the intervention [17]. 

In their simulation, which was performed for a 40-year time period, the prevalence of 

hazardous/harmful drinking could be reduced by 5%, while our results suggest a reduction in per 

capita consumption by 12% in the most comparable scenario of a 50% screening rate over a 

period of 10 years. As in our study, no measurable effects on HED were reported in the 2015 

report. 

Most existing simulation studies have aimed to assess the cost-effectiveness of 

implementing SBIRT in PHC settings (for an overview, see [16]). Our proposed simulation 

methodology can be extended as well to address health economic issues, including cost-

effectiveness analyses. In contrast to most previous simulation studies, we publish the entire 

code and all input data alongside our results, encouraging other researchers to further develop 
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and apply the proposed simulation model. Given the projected underachievement of achieving 

global goals in reducing alcohol consumption [14, 39], in particular in Western European 

countries [40, 41], applications of the simulation model may help to inform policy makers about 

the efforts required to achieve these targets. There are examples where it is possible to achieve 

high coverage of the measurement of alcohol consumption amongst PHC patients. In the UK, for 

example, an assessment of 1.8 million patient records in 2018 found that 48.8% of adult patients 

had a measure of alcohol consumption recorded during the previous five years [42]. Further, in 

integrated health-care systems where alcohol measurement is mandated and built into the 

electronic medical record system, as it is in the US Veterans Health Administration system, 

coverage can be as high as 93% [43].  

 

Implications for alcohol policy in Germany 

The simulation results suggest that the current coverage of alcohol screening hardly 

matters for population alcohol exposure in Germany. While alcohol consumption is slowly 

declining, it remains among the highest in Europe [44] and globally [14]. We show that the 

large-scale delivery of SBIRT in German PHC settings could be a viable measure to accelerate 

the ongoing trend. However, in order to achieve this in Germany, a present lack of knowledge 

and awareness among PHC providers would need to be addressed. In a comparative survey, 

nearly half of German general practitioners did not consider alcohol as an important risk factor 

for hypertension, in contrast to a share of 15% among respondents from France, Italy, Spain, and 

the UK [45] (for evidence on alcohol use and hypertension, see [46]). Further, only every second 

general practitioner reported to be aware of the relevant alcohol management guideline in a 

recent survey [47]. Given the lack of improvement of alcohol management in PHC settings [48], 

alternative settings to implement SBIRT are considered. In a recent randomized-controlled trial, 

SBIRT delivery was tested in a municipal registry office in Germany responsible for registration, 

passport and vehicle admission issues, with no measurable effects on drinking behaviour [49]. 

While further efforts are needed to increase SBIRT delivery in German PHC settings in 

the long run, e.g., by financial reimbursement of alcohol management activities [50], alternatives 

may be required to reduce alcohol consumption and attributable burden in the short-term. In the 

light of very low alcohol taxation rates, including no taxes for wine [51], there is a large 

untapped potential in increasing retail prices for alcoholic beverages, which was demonstrated in 
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two recent modeling studies [52, 53]. Evidence from Lithuania and Great Britain, for example, 

demonstrates the impact that policies targeting alcohol prices can have in reducing consumption 

and harm [54-57]. 

 

Conclusions 

In Germany, alcohol consumption could have been 12% lower than it was in 2018 if 

every second PHC patient had been screened for alcohol since 2009. A large-scale 

implementation of SBIRT in Germany could only be achieved in the more distant future, thus, 

other alcohol policy options should be considered as well to achieve short-term reductions in 

alcohol consumption. 
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