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Abstract
Background: Brief alcohol interventions aim at motivating individuals to reduce their drinking and encompass a multitude of
activities with limited duration or frequency such as counseling or individualized feedback. Brief interventions are effective in
alcohol users who exceed the low-risk drinking limits. Considering the health risks associated with alcohol consumption below
these limits, brief interventions should be targeted at all alcohol users to maximize their public health impact.
Objective: The study aimed (1) to test the long-term effects of a brief alcohol intervention consisting of computer-generated
individualized feedback letters among individuals who consume alcohol, irrespective of how much; and (2) to explore how
intervention effects may be moderated by alcohol use severity and school education.
Methods: In the waiting area of the municipal registry office in Greifswald, Mecklenburg-Western Pomerania, Germany, a
general population sample of 1646 adults (n=920, 55.89% women; mean age 31.0, SD 10.8 y) who reported alcohol use at
least once in the past year were randomized to an intervention (n=815, 49.51%) or a control group (n=831, 50.49%). The
intervention comprised up to 3 computer-generated individualized feedback letters based on the transtheoretical model of
behavior change at baseline and after 3 and 6 months. The control group received assessment only at the same time points and
no feedback. The outcome was a change in self-reported number of drinks per week from baseline to follow-up after 36 and
48 months. Moderators of intervention efficacy were self-reported alcohol use severity (low risk vs at-risk drinking) and school
education (<12 y vs ≥12 y) at baseline. Data were analyzed using latent growth modeling with full-information maximum
likelihood estimation, ensuring an intention-to-treat analysis. Bayes factors (BFs) were calculated to estimate the sensitivity of
evidence.
Results: Unadjusted and adjusted models revealed no group difference after 36 months (incidence rate ratio 1.05, 95% CI
0.87‐1.27; BF=0.37). After 48 months, a decrease in weekly alcohol consumption was observed in the control group and no
change in the intervention group (incidence rate ratio 1.29, 95% CI 1.05‐1.57; BF=0.16), indicating strong evidence against
the hypothesized intervention effect. Intervention efficacy was not moderated by alcohol use severity or school education at
baseline.
Conclusions: In a randomized controlled trial, no evidence for the efficacy of individualized feedback letters was found after
3 and 4 years. Unexpectedly, drinking reductions in the control group and no change in the intervention group were observed
4 years after the study start. Intervention strategies effective in at-risk drinkers may necessitate adaptation for applicability to
alcohol users as a whole.

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 1
(page number not for citation purposes)

https://www.jmir.org/2025/1/e77921


Trial Registration: German Clinical Trials Registry; DRKS00014274; https://www.drks.de/search/de/trial/DRKS00014274

J Med Internet Res2025;27:e77921; doi: 10.2196/77921
Keywords: alcohol consumption; drinking; brief intervention; screening; proactive; prevention; public health

Introduction
Brief alcohol intervention is an umbrella term for a variety
of interventions that are characterized by limited intensity
or duration, and the common goal of motivating recipients
to reduce their alcohol consumption. Examples encompass
counseling, advice, and motivational feedback, which can be
delivered face-to-face or remotely through digital technol-
ogies. There is clear evidence that brief interventions in
general can reduce alcohol use in adults who exceed low-risk
drinking limits [1-5]. This also applies to interventions that
deliver automatically generated, personalized motivational
feedback [6-10]. The use of digital technologies such as
expert system software, that is, computer programs that
automatically evaluate individual information and compile
tailored feedback based on a set of predefined rules [11],
enables the provision of highly individualized and motiva-
tion-enhancing feedback in a reliable and resource-efficient
manner [12]. The feedback itself may be delivered web-based
[13], through apps [14], short messages [15], letters [9], or
a combination thereof [16], whereas the common core is a
digitalized expert system.

Crucial questions remain concerning the applicability of
brief alcohol interventions such as personalized motivational
feedback to the broader population. Low-risk drinking limits
[ 17] imply a threshold below which the risk of disease
or premature death is marginal and considered acceptable.
Therefore, low-risk drinkers were virtually not represented in
the brief intervention trials to date.

However, studies emerging in recent years challenge
the common practice of excluding them from interventions
to reduce alcohol use. These studies revealed that meth-
odological problems (eg, misclassification and uncontrolled
confounding) that bias drinking risk estimates downward
were common in past research, suggesting that the risk
associated with low-risk alcohol intake may be greater
than previously estimated [18-21]. Even minimal drinking
amounts have been linked to an increased risk of adverse
brain and cardiovascular outcomes, as well as prevalent
cancers [22-25]. The large proportion of low-risk drinkers
in the population might imply high numbers of cases of
disease and death below previously recommended thresholds
for at-risk drinking [26], which are neither marginal nor
acceptable. Therefore, the greatest impact on health can be
made by addressing alcohol use in the population as a whole.
Accordingly, the latest (inter)national drinking guidelines
do not differentiate between low-risk and at-risk alcohol
consumption anymore [27-29].

There is a paucity of evidence regarding the long-term
effects of brief alcohol interventions. Only very few studies
included in the most recently published systematic reviews
and meta-analyses investigated treatment effects after more

than 1 year [1,3-8]. The impact of low-threshold brief
interventions may not only unfold in the weeks directly
following the intervention. It may take time before the applied
behavior change techniques affect people’s motivation and
ultimately, their behavior [7,30,31]. The most influential
theories of health behavior change posit that intention is
the best predictor of actual change [32-35]. However, the
promotion of motivation to change does not guarantee a
healthier lifestyle, as is well-documented in the intention-
behavior gap [36]. Individuals may reside in a motivational
state, contemplating the idea of drinking less alcohol, for a
prolonged period of time before an actual change in alco-
hol consumption manifests itself, or possibly never does.
Translated to the prevention context, the effects of brief
alcohol interventions may require time to become measurable.
To provide an example, reflecting on the pros and cons of
drinking, re-evaluating this decisional balance from time to
time, eventually setting the goal of drinking less, as well as
reaching this goal might be a protracted process [37,38].

The burden of alcohol-related harm is unequally distrib-
uted in the general population, with certain groups, such
as those with low levels of education, experiencing dispro-
portionately high levels of alcohol-related morbidity and
mortality [39-42]. Although the mechanisms underlying this
so-called alcohol harm paradox are not well understood yet
[43], reducing alcohol-attributable social inequalities is a
fundamental public health goal. Alcohol prevention efforts
should therefore be systematically evaluated for their equity
impact [44], ie, their ability to reduce (positive impact),
maintain (neutral impact), or increase (negative impact)
health-related social inequalities. On the one hand, lower-edu-
cated groups are less likely to accept an offered lifestyle
intervention [45,46]. On the other hand, there is considera-
ble evidence that brief interventions are at least as benefi-
cial for alcohol users with low as they are for those with
higher socioeconomic status [6,47,48]. Regarding the brief
alcohol intervention investigated in this study, evidence after
12 months suggested that alcohol users with lower school
education benefited, while those with higher school education
did not [49]. An important question is whether this positive
equity impact could be sustained over a longer period of time.

In this study, a general population sample of adults who
reported any alcohol use in the past year received either
computer-generated individualized feedback or assessment
only. No clear evidence of efficacy was observed after 1 year
[50]. However, the intervention was found to reduce drinking
among low-risk drinkers 6 months after enrollment [50].
Given these promising findings after 6 months against the
lack of evidence regarding the differential efficacy of brief
alcohol interventions in subgroups with different drinking
patterns, in particular, those below low-risk drinking limits,
we aimed to further explore how intervention effects might
differ between low-risk and at-risk drinkers.
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The first aim of this study was to compare the change in
self-reported alcohol use between the intervention and control
groups from baseline to 3 and 4 years after study start. Based
on increasing effects of a similar intervention after 2 years in
German hospital inpatients [9,51], we expected lower alcohol
use in participants randomized to the intervention compared
to the control group. The second aim was to explore to what
extent the intervention effects, after 3 and 4 years, were
moderated by alcohol use severity and school education.

Methods
Study Design
This paper reports 4-year outcome data from the extension
of the 2-arm randomized controlled trial, “Testing a proac-
tive expert system intervention to prevent and to quit at-risk
alcohol use” (PRINT), which was prospectively registered at
the German Clinical Trials Register (DRKS00014274, date
of registration: March 12, 2018) [52]. The trial protocol can
be found in a study by Baumann et al [53]. Primary and
secondary outcome data after 12 months have been pub-
lished elsewhere [50]. The CONSORT-EHEALTH (Consoli-
dated Standards of Reporting Trials of Electronic and Mobile
Health Applications and Online Telehealth) guidelines can be
found in Checklist 1.
Participants and Procedure

Recruitment and Randomization
The sample was recruited between April 2018 and June 2018
at the municipal registry office in Greifswald, Mecklenburg-
Western Pomerania, Germany. Study assistants proactively
approached each person who appeared in the waiting area
and asked them to participate in a short health survey. The
survey questions were answered on tablet computers provided
by study staff. Visitors to the registry office had to be aged
between 18 and 64 years, cognitively and physically able,
and have sufficient language and literacy skills to be eligible.
People were also excluded if they had already participated
in a previous visit or if they worked at the research institute
conducting the study.

The survey included screening questions to determine
whether respondents were eligible. Those who reported any
alcohol consumption in the past year were given detailed
information by the study assistants. Individuals without a
permanent address or telephone number were excluded.
Those who provided written informed consent were random-
ized to an intervention or a control group. Participants were
randomized by tablet computers in a 1:1 allocation ratio based
on a random number table and individuals as units in a simple
randomization procedure.

Blinding
Participants were blinded to their group assignment dur-
ing recruitment at the registry office. After receiving the
intervention or not, participants were aware whether they
belonged to the intervention or control group. Study assistants
were blinded to the allocation sequence during randomization

and remained blinded to the participants’ group affiliation
throughout the trial.

Intervention Group
Participants in the intervention group received feedback
letters at baseline, at 3 and 6 months, described in more
detail in a study by Baumann et al [50]. A translated and
annotated example feedback letter can be found in Multime-
dia Appendix 1. For the intervention group, participants had
to provide self-report data on the tablet computers during
the recruitment in the registry office (baseline), and via
computer-assisted telephone interviews (after 3 and 6 mo).
The self-reported data were then processed and evaluated by
a computer expert system that constituted the digital core
of the intervention. The expert system software contained
a comprehensive knowledge base of population data for
normative comparisons and a large set of predefined rules
that enabled the feedback to be tailored to the participants’
sex and age, their alcohol use risk level, as determined by
the Alcohol Use Disorders Identification Test (AUDIT) [54]
and AUDIT-C [55], and their motivational stage of change
according to the transtheoretical model of behavior change.
The language and provision of feedback were based on the
principles of motivational interviewing [56]. Once partici-
pants entered their data, the expert system automatically
compiled individualized feedback letters.

All letters contained recommendations that there is no such
thing as risk-free alcohol consumption. They also provided
personalized normative feedback on the average amount of
alcohol consumed per week and the frequency of heavy
episodic drinking (defined as drinking ≥4 alcohol drinks for
women and ≥5 for men on a single occasion). The interven-
tion letters for low-risk drinkers (AUDIT-C score <4 for
women and <5 for men) aimed at reinforcing participants for
their low consumption pattern.

The intervention letters for at-risk drinkers (AUDIT-C
score ≥4 for women and ≥5 for men) provided individualized
feedback based on the transtheoretical model of behavior
change [32]. It covered (1) the participants’ motivational
stage of change; (2) their decisional balance, which refers to
how they considered the pros and cons of their alcohol use;
(3) their self-efficacy, which is their confidence in abstaining
from alcohol in different situations; and (4) their engagement
in prespecified strategies or behaviors that drive progression
through the motivational stages, known as cognitive and
behavioral processes of change. In addition, at-risk drinkers
received feedback on the risks for negative consequences that
may result from their drinking.

The intervention letters for those with probable alcohol
use disorder (AUD; AUDIT score ≥20) were similar to those
for at-risk drinkers with two exceptions. First, the use of
professional treatment was encouraged. Second, they were
given feedback about negative consequences that they had
already experienced.

The intervention letters at 3 and 6 months were amplified
by intra-individual comparisons, indicating how the partici-
pants had progressed or changed since the last feedback. To
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receive the full intervention, trial participants were required
to provide self-report data in computer-assisted telephone
interviews at 3 and 6 months, respectively. These were used
by the expert system software to automatically generate the
intervention letters.
Control Group
The control group received assessment only, that is, they were
asked to provide the same self-report data at baseline, 3, and 6
months as the intervention group. However, the control group
did not receive any feedback.

Follow-Up Assessments
Follow-up data were collected by study staff after 12 months
(April 2019 to June 2019), 36 months (April 2021 to June
2021), and 48 months (April 2022 to June 2022) using
standardized, computer-assisted telephone interviews. If the
participants could not be reached by telephone after 10
contact attempts, questionnaires were sent by email or mail
with up to 2 reminders. To ensure high retention rates,
follow-ups were announced beforehand.
Ethical Considerations
The trial was approved by the ethics committees of University
Medicine Greifswald (BB 053/19) and TU Dresden (SR-
EK-272062020). All participants provided written informed
consent and were compensated with 2 vouchers (each valued
at €5 [US $5.8]), one at baseline and one after 12 months.
In addition, those who provided long-term follow-up data
received up to 2 vouchers (each valued at €5 [US $5.8])
after 36 and 48 months, respectively. After completion of
the follow-up interviews after 48 months, the data were
deidentified by removing the pseudonym, thus ensuring that
the dataset used for statistical analysis did not contain any
identifying participant information.
Measures

Outcome
Outcome was a change in the number of drinks per week
from baseline to the follow-ups after 36 and 48 months.
Participants were asked, “How often did you have an
alcoholic drink in the past 30 days?” (never or once or 2‐3
times per wk or ≥ 4 times per wk) and “How many alcoholic
drinks did you typically have on a drinking day?” (definition
of an alcoholic drink was 0.25‐0.3 l beer, 0.1‐0.15 l wine
or sparkling wine, or 4 cl spirits or liquor). To determine
the number of alcoholic drinks per week, frequency (drinking
days in the past 30 d) was multiplied by the quantity (drinks
per drinking day), divided by 4.25 (number of weeks in a
month), and rounded down to the nearest integer.

Moderators
Alcohol use severity was measured with the AUDIT [54].
Its short form, the AUDIT-C [36] comprising the first 3
AUDIT items, was used to define at-risk drinking. Partici-
pants were categorized as at-risk drinkers if women had an
AUDIT-C [55] sum score of ≥4, and men of ≥5 [57]. Sum
scores <4 (women) and 5 (men) indicated low-risk drinking.

Participants who had an AUDIT score of ≥20 were catego-
rized as possible AUD. School education (≤9 or 10-11 or ≥12
y of schooling) was derived from participants’ self-reported
highest general educational degree at baseline. Due to a small
number of participants with possible AUD (8/1646, 0.49%)
and with ≤9 years of school education (101/1646, 6.14%),
these participants were merged with at-risk drinkers and those
with 10 to 11 years of school education, respectively.
Covariates
Sex, age (y), employment status (full-time employed or
part-time employed or in education or unemployed or other)
were assessed at baseline via self-report. Participants were
also asked whether they were currently in a relationship (yes
or no), how many portions of fruit and vegetables they ate
on a typical day, how much time they spent on moderate-to-
vigorous physical activity on a typical weekday and weekend
day, respectively, and how many cigarettes they smoked on a
typical day.

Sample Size Calculation
The sample size calculation for the PRINT trial was based
on a hypothesized 15% difference between intervention
(expected average of 8.5 alcoholic drinks per week) and
control group (expected average of 10 alcoholic drinks per
week) at the 12-month follow-up [50], derived from the
results of 41 alcohol surveys [58]. The count outcome was
expected to follow a negative binomial distribution with
a dispersion parameter of 1.0. Based on 80% power, 5%
significance level, and 20% drop-out rate from baseline to the
12-month follow-up, the planned sample size was 1648. After
receiving renewal funding for long-term follow-ups, 1581 out
of 1646 (96.05% of the total sample) participants still had
an active consent to be contacted for additional follow-up
interviews.
Statistical Analysis
Data were analyzed using Stata (version 18.0; StataCorp
LLC) [59] and latent growth curve modeling in Mplus version
8.8 [60]. Following the intention-to-treat principle, the models
were calculated including all enrolled participants (N=1646)
using full information maximum likelihood estimation with
robust SEs. The change in self-reported drinks per week
was captured by latent growth factors (Figure 1). Preliminary
analyses revealed that negative binomial models as planned in
the study protocol [53] did not fit the data due to a disper-
sion parameter of zero. Therefore, the growth models were
calculated using the Poisson distribution. Rescaled likelihood
ratio tests indicated that a cubic model with the variance
of the cubic factor constrained to zero best represented the
growth trajectory over time. Regressing the study group on
the latent growth factors allowed us to calculate net changes
in drinks per week for the intervention and the control
group as well as their difference, expressed as incidence rate
ratios (IRR) with 95% CI and P values. Bayes factors (BFs)
[61] were computed using a BF calculator [62], assuming
a half-normal distribution with an expected intervention
effect of 15% [53]. BF values below 0.33 were considered
as evidence against, values above 3 as evidence for the
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hypothesized intervention effect, and values in between as
data insensitivity [61].

Figure 1. Latent growth model representing the change in number of drinks per week from baseline to 48 months. Ellipses are latent growth factors
predicting the repeatedly observed outcome (rectangles) using Poisson regression. Latent growth factors were regressed on study group using linear
regression. The model was calculated without and with baseline covariates.

Unadjusted and adjusted growth models were calculated,
controlling for baseline covariates that were associated with
participation in the follow-up assessments after 36 and 48
months. To this end, 2 logistic regression models were
calculated to predict follow-up nonparticipation after 36 and
48 months, respectively (attrition analysis), using baseline
information such as sex, age, school education, employment
status, relationship status, drinking level, smoking, and study
group. In addition, 2 sensitivity analyses are reported in
Multimedia Appendix 2. Poisson regression models using
multiple imputation to account for missing follow-up data,
as well as a pattern mixture model to consider that data might
be missing not at random (MNAR).

Finally, it was tested whether intervention efficacy was
moderated by alcohol use severity or school education
at baseline. Interaction terms between study group and
alcohol risk level, and between study group and school
education were introduced into the model. Interaction effects
are reported as IRRs with 95% CIs. Moderation analyses
were adjusted for sociodemographic characteristics (sex, age,

employment, and relationship status) and health behaviors
(fruit and vegetable intake, physical activity, and smoking) at
baseline.

Results
Sample Characteristics
Of the 2462 eligible persons in the registry office wait-
ing area, 1646 (66.86%) participated in the trial (Figure
2). The sample (920/1646, 55.89% women) had a mean
age of 31.0 (SD 10.8) years. The majority had ≥12 years
of school education (1072/1646, 65.13%) and were full-
time employed (689/1646, 41.86%) or part-time employed
(358/1646, 21.75%). According to the AUDIT-C, 1085
(65.92%) participants reported low risk and 553 (33.59%)
at-risk drinking at baseline (Table 1). As reported in a study
by Enders et al [63], trial participants were more likely to be
younger and report low-risk drinking compared to nonpartici-
pants.
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Figure 2. Flow of participants.
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Table 1. Sample characteristics (N=1646).
Characteristic Total sample Intervention (n=815) Control (n=831)
Age (y), mean (SD) 31.0 (10.8) 31.2 (10.9) 30.8 (10.8)
Gender (woman), n (%) 920 (55.89) 460 (56.4) 460 (55.4)
School education (y), n (%)
  ≤9 101 (6.14) 52 (6.4) 49 (5.9)
  10-11 473 (28.74) 248 (30.4) 225 (27.1)
  ≥12 1072 (65.13) 515 (63.2) 557 (67)
Employment status, n (%)
  Full-time employed 689 (41.86) 343 (42.1) 346 (41.6)
  Part-time employed 358 (21.75) 179 (22) 179 (21.5)
  In education 444 (26.97) 219 (26.9) 225 (27.1)
  Unemployed 53 (3.22) 26 (3.2) 27 (3.3)
  Others 102 (6.20) 48 (5.9) 54 (6.5)
In a relationship (yes), n (%) 1044 (63.43) 529 (64.9) 515 (62)
Fruit and vegetable (portions per day), mean (SD) 2.2 (1.5) 2.2 (1.4) 2.2 (1.5)
MVPAa per day (min), mean (SD) 74.4 (83.1) 74.1 (86.4) 74.8 (79.7)
Cigarettes per day, mean (SD) 3.0 (6.2) 2.9 (6.2) 3.1 (6.2)
Alcohol use severity at baseline, n (%)
  Low-risk drinking 1085 (65.92) 545 (66.9) 540 (65)
  At-risk drinking 553 (33.60) 267 (32.8) 286 (34.4)
  Possible alcohol use disorder 8 (0.49) 3 (0.4) 5 (0.6)
Alcoholic drinks per week (last 30 d), mean (SD)
  Baseline 1.8 (3.9) 1.8 (3.6) 1.8 (4.2)
  At 12 months (n=1314) 2.2 (4.7) 2.1 (4.2) 2.3 (5.2)
  At 36 months (n=1074) 2.3 (4.7) 2.3 (4.4) 2.3 (5.0)
  At 48 months (n=975) 2.2 (4.2) 2.3 (4.5) 2.1 (4.0)

aMVPA: moderate-to-vigorous physical activity.

Intervention Adherence
Out of 815 participants in the intervention group, 615 (75.5%)
received the complete intervention consisting of 3 individ-
ualized feedback letters; 103 (12.6%) participants received
2, and 94 (11.5%) received 1 of 3 intervention letters,
respectively. The primary reason for nonadherence was that
participants could not be reached for the assessments, on
which the intervention letters were based.
Follow-Up Participation
Participation for the follow-up assessments at 36 and 48
months was 65.2% (1074/1646) and 59.2% (975/1646),
respectively (Figure 2). Nonparticipation in the follow-up
at 36 months was associated with younger age (odds ratio
[OR] 0.97, 95% CI 0.96‐0.98; P<.001) and a lower level
of school education (OR 0.34, 95% CI 0.26‐0.44; P<.001).
Baseline smokers (OR 2.08, 95% CI 1.62‐2.67; P<.001) and
at-risk drinkers (OR 1.33, 95% CI 1.04‐1.70; P=.024) were
more likely to drop out at 36 months. Nonparticipation at
48 months was also associated with younger age (OR 0.97,
95% CI 0.96‐0.98; P<.001), a lower level of school education
(OR 0.32, 95% CI 0.25‐0.42; P<.001), and not being in

a relationship at baseline (OR 0.75, 95% CI 0.59‐0.95;
P=.016). Baseline smokers (OR 2.06, 95% CI 1.61‐2.63;
P<.001) and participants who were unemployed compared
to full-time employed (OR 2.27, 95% CI 1.15‐4.48; P=.018)
were more likely to drop out at 48 months. At-risk drinkers
at baseline also tended to be more likely to drop out at 48
months, but this was not statistically significant (OR 1.18,
95% CI 0.93‐1.50; P=.180).
Intervention Efficacy
No group differences were found regarding the change in
alcoholic drinks per week from baseline to 36 months (Table
2). BFs tended to indicate evidence for the null, that is, no
difference between groups, but remained in the range where
the data are to be considered insensitive. At 48 months,
the unadjusted growth model revealed a decrease in weekly
alcohol consumption in the control group and no change
in the intervention group. This difference was statistically
significant (IRR 1.29, 95% CI 1.05‐1.57; P=.015) and
remained after adjustment for baseline covariates (IRR 1.27,
95% CI 1.06‐1.54; P=.012). BFs indicated strong evidence
against the hypothesized intervention effect.
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Table 2. Model-implied between-group differences (N=1646)e.
Unadjusted model Adjusted modelb
IRRf (95% CI) BFd IRR (95% CI) BFd

At 36 months 1.05 (0.87‐1.27) 0.37 1.06 (0.89‐1.28) 0.35
At 48 months 1.29 (1.05‐1.57) 0.16 1.27 (1.06‐1.54) 0.17

aCubic latent growth models for Poisson-distributed data. Outcome was net change in the number of alcoholic drinks per week since baseline.
bAdjusted for baseline covariates sex, age, education, employment, smoking, relationship status, and alcohol use severity.
cIRR: incidence rate ratio.
dBF: Bayes factor which was calculated using a half-normal distribution with an expected intervention effect of 15%.

Sensitivity Analyses
The results of the Poisson regression models using multiply
imputed outcome data were consistent with the results of the
latent growth models (Multimedia Appendix 2). The results
of the pattern mixture models were associated with a high
degree of uncertainty and suggested no group differences at
36 and 48 months (Multimedia Appendix 2).
Moderation Analyses
There were no group differences between low-risk and at-risk
drinkers in the change in alcoholic drinks per week from

baseline to 36 and 48 months (Table 3; IRR 0.94, 95% CI
0.66‐1.35 and IRR 0.85, 95% CI 0.59‐1.23, respectively).
There were also no group differences between participants
with <12 years and those with ≥12 years of school education
in the change in alcoholic drinks per week from baseline to
36 and 48 months (Table 4; IRR 0.73, 95% CI 0.47‐1.12 and
IRR 0.76, 95% CI 0.48‐1.20, respectively). Thus, intervention
efficacy was not moderated by alcohol-related risk level or
school education at baseline.

Table 3. Intervention effects by alcohol-related risk level at baseline (N=1646)a.

Difference between intervention and control group
Interaction effect, IRRb
(95% CI)

Low-risk drinkers, IRR (95% CI) At-risk drinkers, IRR (95% CI)
At 36 months 1.04 (0.81‐1.33) 1.10 (0.85‐1.43) 0.94 (0.66‐1.35)
At 48 months 1.18 (0.93‐1.51) 1.39 (1.06‐1.79) 0.85 (0.59‐1.23)

aCubic latent growth model for Poisson-distributed data, adjusted for baseline covariates sex, age, school education, employment, relationship status,
smoking, physical activity, and fruit and vegetable intake. Outcome was net change in the number of alcoholic drinks per week since baseline.
bIRR: incidence rate ratio.

Table 4. Intervention effects by school education (N=1646)a.

Difference between intervention and control group
Interaction effect, IRRb
(95% CI)

<12 years of school education, IRR (95% CI) ≥12 years of school education, IRR (95%
CI)

At 36 months 0.84 (0.58‐1.22) 1.15 (0.94‐1.42) 0.73 (0.47‐1.12)
At 48 months 1.04 (0.70‐1.56) 1.37 (1.11‐1.70) 0.76 (0.48‐1.20)

aCubic latent growth model for Poisson-distributed data, adjusted for baseline covariates sex, age, employment, relationship status, smoking, alcohol
use, physical activity, and fruit and vegetable intake. Outcome was net change in the number of alcoholic drinks per week since baseline.
bIRR: incidence rate ratio.

Discussion
The data of this randomized controlled trial using a general
population sample of alcohol users showed no evidence
of effects of individualized feedback based on a computer
expert system after 4 years. Unexpectedly, we observed
drinking reductions in the control group and no change
in the intervention group 4 years after study start. Long-
term intervention effects were not moderated by alcohol use
severity or school education.

It is puzzling and somewhat paradoxical that individu-
alized feedback might have produced potentially negative

long-term effects, considering that (1) there was no differ-
ence between study groups after 1 [50] and 3 years; (2)
the intervention was designed according to the principles
of motivational interviewing [56], using benevolent and
appreciative language to address the participants’ motivation
and beliefs about their alcohol use; (3) preventive interven-
tion are usually assumed to have few risks; and (4) evidence
on the existence of adverse and unintended effects of brief
alcohol interventions is scarce [64].

Among the studies included in the meta-analyses and
reviews published in the last years [1,3,4,6,65-68], only 1
trial was identified that reported potentially adverse effects
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of a brief intervention targeting alcohol use [69]. After 3 and
6 months, the proportion of high-risk drinkers in a sample
of patients with tuberculosis in South Africa decreased more
strongly in the control group (treatment as usual) than in the
brief counseling intervention group [69]. However, compara-
bility appears to be very limited due to differences in study
characteristics. The almost complete lack of studies reporting
unintended brief intervention effects may be due to publica-
tion bias or to the fact that brief interventions usually operate
at such a low motivational threshold that adverse effects seem
unlikely. This makes it all the more important to disentangle
the long-term effects mentioned earlier.

There are at least 3 possible explanations for our find-
ings. First, the feedback provided in the intervention letters
may not have had the desired effect, or even an opposite
effect for some participants. Two-thirds of the sample were
low-risk drinkers, a group that has been largely absent
from brief intervention trials to date. The feedback may
have been insufficiently tailored to the needs of this group.
The motivational processes involved in reducing alcohol
consumption may differ for different subgroups of drink-
ers. For instance, personalized normative feedback assumes
that people underestimate their drinking in relation to their
peers [67]. This may not be the case for all members of
our population-based sample, which included a multitude
of drinking patterns. Rather than enhancing the motivation
to drink less, the feedback may have provided some par-
ticipants with a form of justification for their drinking. If
that is the case, future interventions may better omit risk
levels such as low-risk or at-risk drinking that are no longer
supported by evidence [18-25]. Second, participation in the
follow-up assessment after 4 years was the lowest in the
trial (59%) and selective. Although our analysis strategy can
deal with data missing at random [70], the possibility of
systematic bias due to data not missing at random can never
be completely ruled out [71]. Incorporating nonignorable
missingness into latent growth models is based on untestable
assumptions and can result in a high degree of uncertainty
[72] as was the case in our sensitivity analyses (Multimedia
Appendix 2). Third, the follow-up after 4 years was conduc-
ted between April 2022 and June 2022, a period during which
the German general population had experienced 2 years of
restrictions and constantly shifting life circumstances due to
the COVID-19 pandemic. The pandemic affected people’s
alcohol consumption [73,74], their health literacy [75], as
well as their trust in science [76]. During the follow-up
interviews, some participants spontaneously indicated that
they had retained the feedback letters and re-read them
from time to time. Although we were unable to investigate
this more rigorously, participants in the intervention group
might have re-evaluated their feedback during the COVID-19
pandemic. Albeit highly speculative, it is possible that this
could have facilitated undesired effects through an uninten-
ded false sense of reassurance or influenced the accuracy of
self-reported drinking in the intervention group but not in the
control group.

Temporary positive intervention effects among low-risk
drinkers [50] and participants with a low or medium

educational background [49] were not sustained over the
longer term. In a high consumption country such as Germany
[77], where the social pressure to drink is high, individualized
feedback might need to be provided more frequently and
consistently to achieve prolonged drinking reductions.

The public health potential of computer expert systems
as brief intervention tools lies in their capacity to reliably
provide highly individualized feedback to large groups of
alcohol consumers, with relatively low effort once the expert
system has been developed. This is particularly relevant
given that brief alcohol interventions should not be limi-
ted to individuals who exceed former low-risk drinking
limits, considering the health risks associated with drinking
patterns below these limits [18-24]. Consequently, the target
group of behavior-directed alcohol prevention encompasses
a substantially larger share of the population than before.
Motivational feedback based on digitalized expert systems is
suitable for this purpose due to its efficiency and translational
potential. In an increasingly digitalized world, the possibili-
ties for providing visually appealing and easily accessible
expert system feedback are manifold and growing constantly.
In contrast, more terrestrial ways of feedback delivery, such
as written letters sent via postal mail as used in the present
study, may become more salient, leaving a lasting impression
in a world characterized by mostly digital ways of communi-
cating. Future studies could explore the role of delivery mode
on how motivational feedback is processed and evaluated by
recipients.

This study represents one of the first attempts to incor-
porate new evidence regarding the risk from low drinking
amounts [18-21] into a universal preventive intervention
targeting all people who drink alcohol, regardless of how
much. High participation and retention rates were achieved
with a large population-based sample, which was compara-
ble to the general population regarding the prevalence of
problematic alcohol use [78]. The intention-to-treat analysis,
including several sensitivity analyses, ensures the reliability
of the conclusions drawn from the study data. However,
the following limitations need to be acknowledged. First,
the participation was selective, potentially introducing bias
through nonignorable missingness. Second, alcohol consump-
tion was self-reported using a quantity-frequency approach,
which is known to be subject to underreporting by respond-
ents [79]. Third, the assessment of the primary outcome may
not have been sensitive and fine-grained enough to detect
changes among participants with infrequent drinking patterns.
Fourth, the PRINT trial was originally designed to investigate
intervention effects after one year and the required sample
size was calculated based on group differences within this
period of time. Following the acquisition of renewal funding,
we were able to explore long-term intervention and modera-
tion effects. Since the long-term follow-ups after 3 and 4
years were not initially scheduled in the PRINT trial, the
results should be considered as exploratory in nature, with
potentially limited statistical power.

This study contributes to the literature on brief interven-
tions by providing insight into the long-term effects of
computer-generated individualized feedback letters. While

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 9
(page number not for citation purposes)

https://www.jmir.org/2025/1/e77921


previous studies have largely focused on individuals who
consumed alcohol above a certain risk threshold, this study
expands the scope to include all drinkers.

Acknowledgments
The authors thank all the participants for their participation, the study assistants for data collection and management, and
Christian Goeze for software programming.
Funding
The study was funded by the German Research Foundation (329378966) who had no influence on design, analysis, or
interpretation of the data. The manuscript received Open Access Funding by the Publication Fund of TU Dresden.
Data Availability
The datasets generated or analyzed during this study are available from the corresponding author upon reasonable request.
Authors’ Contributions
Conceptualization: AS, UJ, JFA, GB, SB
Data curation: AS
Formal analysis: AS, SB
Funding acquisition: SB
Investigation: AS, MZ, SB
Methodology: AS, UJ, JFA, GB, SB
Project administration: AS, SB
Resources: UJ
Supervision: UJ, JFA, GB, SB
Writing – original draft: AS
Writing – review & editing: UJ, JFA, GB, MZ, SB
Conflicts of Interest
None declared.
Multimedia Appendix 1
Translated and annotated example intervention letter.
[PDF File (Adobe File), 418 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Sensitivity analyses.
[PDF File (Adobe File), 400 KB-Multimedia Appendix 2]

Checklist 1
CONSORT-EHEALTH checklist.
[PDF File (Adobe File), 1235 KB-Checklist 1]
References
1. Kaner EF, Beyer FR, Muirhead C, et al. Effectiveness of brief alcohol interventions in primary care populations.

Cochrane Database Syst Rev. Feb 24, 2018;2(2):CD004148. [doi: 10.1002/14651858.CD004148.pub4] [Medline:
29476653]

2. Curry SJ, Krist AH, Owens DK, et al. Screening and behavioral counseling interventions to reduce unhealthy alcohol use
in adolescents and adults. JAMA. Nov 13, 2018;320(18):1899. [doi: 10.1001/jama.2018.16789]

3. Ghosh A, Singh P, Das N, Pandit PM, Das S, Sarkar S. Efficacy of brief intervention for harmful and hazardous alcohol
use: a systematic review and meta-analysis of studies from low middle-income countries. Addiction. Mar
2022;117(3):545-558. [doi: 10.1111/add.15613] [Medline: 34159673]

4. Kelly S, Olanrewaju O, Cowan A, Brayne C, Lafortune L. Interventions to prevent and reduce excessive alcohol
consumption in older people: a systematic review and meta-analysis. Age Ageing. Mar 1, 2018;47(2):175-184. [doi: 10.
1093/ageing/afx132] [Medline: 28985250]

5. Tanner-Smith EE, Parr NJ, Schweer-Collins M, Saitz R. Effects of brief substance use interventions delivered in general
medical settings: a systematic review and meta-analysis. Addiction. Apr 2022;117(4):877-889. [doi: 10.1111/add.15674]
[Medline: 34647649]

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 10
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app1.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app1.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app2.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app2.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app3.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77921_app3.pdf
https://doi.org/10.1002/14651858.CD004148.pub4
http://www.ncbi.nlm.nih.gov/pubmed/29476653
https://doi.org/10.1001/jama.2018.16789
https://doi.org/10.1111/add.15613
http://www.ncbi.nlm.nih.gov/pubmed/34159673
https://doi.org/10.1093/ageing/afx132
https://doi.org/10.1093/ageing/afx132
http://www.ncbi.nlm.nih.gov/pubmed/28985250
https://doi.org/10.1111/add.15674
http://www.ncbi.nlm.nih.gov/pubmed/34647649
https://www.jmir.org/2025/1/e77921


6. Riper H, Hoogendoorn A, Cuijpers P, et al. Effectiveness and treatment moderators of internet interventions for adult
problem drinking: an individual patient data meta-analysis of 19 randomised controlled trials. PLoS Med. Dec
2018;15(12):e1002714. [doi: 10.1371/journal.pmed.1002714] [Medline: 30562347]

7. Kaner EF, Beyer FR, Garnett C, et al. Personalised digital interventions for reducing hazardous and harmful alcohol
consumption in community-dwelling populations. Cochrane Database Syst Rev. Sep 25, 2017;9(9):CD011479. [doi: 10.
1002/14651858.CD011479.pub2] [Medline: 28944453]

8. Ramsey AT, Satterfield JM, Gerke DR, Proctor EK. Technology-based alcohol interventions in primary care: systematic
review. J Med Internet Res. Apr 8, 2019;21(4):e10859. [doi: 10.2196/10859] [Medline: 30958270]

9. Freyer-Adam J, Baumann S, Haberecht K, et al. In-person alcohol counseling versus computer-generated feedback:
Results from a randomized controlled trial. Health Psychol. Jan 2018;37(1):70-80. [doi: 10.1037/hea0000556] [Medline:
28967769]

10. Freyer-Adam J, Baumann S, Schnuerer I, et al. Does stage tailoring matter in brief alcohol interventions for job-seekers?
A randomized controlled trial. Addiction. Nov 2014;109(11):1845-1856. [doi: 10.1111/add.12677] [Medline: 24981701]

11. Bischof G, Reinhardt S, Grothues J, John U, Rumpf HJ. The expert test and report on alcohol (EXTRA): Development
and evaluation of a computerized software program for problem drinkers. In: Baye DR, editor. New Research on
Alcoholism. Nova Science Publishers, Inc; 2007:155-177.

12. Schumann A, John U, Ulbricht S, Rüge J, Bischof G, Meyer C. Variability of tailoring of a smoking cessation
intervention based on the transtheoretical model. Addict Behav. Dec 2007;32(12):3083-3087. [doi: 10.1016/j.addbeh.
2007.06.004] [Medline: 17614214]

13. Kypri K, Langley JD, Saunders JB, Cashell-Smith ML, Herbison P. Randomized controlled trial of web-based alcohol
screening and brief intervention in primary care. Arch Intern Med. Mar 10, 2008;168(5):530-536. [doi: 10.1001/
archinternmed.2007.109] [Medline: 18332300]

14. Guertler D, Schmidt H, Neumann M, et al. App-based coaching to prevent addictive behaviors in vocational school
students: a cluster randomized trial. J Adolesc Health. Mar 2025;76(3):499-508. [doi: 10.1016/j.jadohealth.2024.11.010]
[Medline: 39818651]

15. Thomas K, Müssener U, Linderoth C, Karlsson N, Bendtsen P, Bendtsen M. Effectiveness of a text messaging-based
intervention targeting alcohol consumption among university students: randomized controlled trial. JMIR Mhealth
Uhealth. Jun 25, 2018;6(6):e146. [doi: 10.2196/mhealth.9642] [Medline: 29941417]

16. Krause K, Guertler D, Moehring A, et al. Feasibility and acceptability of an intervention providing computer-generated
tailored feedback to target alcohol consumption and depressive symptoms in proactively recruited health care patients
and reactively recruited media volunteers: results of a pilot study. Eur Addict Res. 2019;25(3):119-131. [doi: 10.1159/
000499040] [Medline: 30917380]

17. Dietary guidelines for americans, 2020-2025. US Department of Agriculture, US Department of Health and Human
Services; 2020. URL: https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_
2020-2025.pdf [Accessed 2025-11-25]

18. Stockwell T, Zhao J, Panwar S, Roemer A, Naimi T, Chikritzhs T. Do “moderate” drinkers have reduced mortality risk?
A systematic review and meta-analysis of alcohol consumption and all-cause mortality. J Stud Alcohol Drugs. Mar
2016;77(2):185-198. [doi: 10.15288/jsad.2016.77.185] [Medline: 26997174]

19. Griswold MG, Fullman N, Hawley C, et al. Alcohol use and burden for 195 countries and territories, 1990–2016: a
systematic analysis for the Global Burden of Disease Study 2016. The Lancet. Sep 2018;392(10152):1015-1035. [doi:
10.1016/S0140-6736(18)31310-2]

20. John U, Rumpf HJ, Hanke M, Meyer C. Alcohol abstinence and mortality in a general population sample of adults in
Germany: a cohort study. PLoS Med. Nov 2021;18(11):e1003819. [doi: 10.1371/journal.pmed.1003819] [Medline:
34727120]

21. Anderson BO, Berdzuli N, Ilbawi A, et al. Health and cancer risks associated with low levels of alcohol consumption.
Lancet Public Health. Jan 2023;8(1):e6-e7. [doi: 10.1016/S2468-2667(22)00317-6] [Medline: 36603913]

22. John U, Rumpf HJ, Hanke M, Meyer C. The Alcohol Use Disorders Identification Test and mortality 20 years later. Int J
Ment Health Addiction. Oct 2024;22(5):2600-2612. [doi: 10.1007/s11469-023-01008-y]

23. Wood AM, Kaptoge S, Butterworth AS, et al. Risk thresholds for alcohol consumption: combined analysis of individual-
participant data for 599 912 current drinkers in 83 prospective studies. The Lancet. Apr 2018;391(10129):1513-1523.
[doi: 10.1016/S0140-6736(18)30134-X]

24. Topiwala A, Allan CL, Valkanova V, et al. Moderate alcohol consumption as risk factor for adverse brain outcomes and
cognitive decline: longitudinal cohort study. BMJ. Jun 6, 2017;357:j2353. [doi: 10.1136/bmj.j2353] [Medline:
28588063]

25. Recommendations and public health and policy implications. World Cancer Research Fund International; 2018. URL:
https://www.wcrf.org/wp-content/uploads/2024/10/Recommendations.pdf [Accessed 2025-12-01]

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 11
(page number not for citation purposes)

https://doi.org/10.1371/journal.pmed.1002714
http://www.ncbi.nlm.nih.gov/pubmed/30562347
https://doi.org/10.1002/14651858.CD011479.pub2
https://doi.org/10.1002/14651858.CD011479.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28944453
https://doi.org/10.2196/10859
http://www.ncbi.nlm.nih.gov/pubmed/30958270
https://doi.org/10.1037/hea0000556
http://www.ncbi.nlm.nih.gov/pubmed/28967769
https://doi.org/10.1111/add.12677
http://www.ncbi.nlm.nih.gov/pubmed/24981701
https://doi.org/10.1016/j.addbeh.2007.06.004
https://doi.org/10.1016/j.addbeh.2007.06.004
http://www.ncbi.nlm.nih.gov/pubmed/17614214
https://doi.org/10.1001/archinternmed.2007.109
https://doi.org/10.1001/archinternmed.2007.109
http://www.ncbi.nlm.nih.gov/pubmed/18332300
https://doi.org/10.1016/j.jadohealth.2024.11.010
http://www.ncbi.nlm.nih.gov/pubmed/39818651
https://doi.org/10.2196/mhealth.9642
http://www.ncbi.nlm.nih.gov/pubmed/29941417
https://doi.org/10.1159/000499040
https://doi.org/10.1159/000499040
http://www.ncbi.nlm.nih.gov/pubmed/30917380
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://doi.org/10.15288/jsad.2016.77.185
http://www.ncbi.nlm.nih.gov/pubmed/26997174
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1371/journal.pmed.1003819
http://www.ncbi.nlm.nih.gov/pubmed/34727120
https://doi.org/10.1016/S2468-2667(22)00317-6
http://www.ncbi.nlm.nih.gov/pubmed/36603913
https://doi.org/10.1007/s11469-023-01008-y
https://doi.org/10.1016/S0140-6736(18)30134-X
https://doi.org/10.1136/bmj.j2353
http://www.ncbi.nlm.nih.gov/pubmed/28588063
https://www.wcrf.org/wp-content/uploads/2024/10/Recommendations.pdf
https://www.jmir.org/2025/1/e77921


26. Bryazka D, Reitsma MB, Griswold MG, GBD 2020 Alcohol Collaborators, et al. Population-level risks of alcohol
consumption by amount, geography, age, sex, and year: a systematic analysis for the Global Burden of Disease Study
2020. The Lancet. Jul 2022;400(10347):185-235. [doi: 10.1016/S0140-6736(22)00847-9]

27. Paradis C, Butt P, Shield K, et al. Low-risk alcohol drinking guidelines scientific expert panels. Canada’s Guidance on
Alcohol and Health: Final Report Ottawa; 2023. URL: https://www.ccsa.ca/sites/default/files/2023-01/CCSA_Canadas_
Guidance_on_Alcohol_and_Health_Final_Report_en.pdf [Accessed 2025-12-01]

28. Arora M, ElSayed A, Beger B, et al. The impact of alcohol consumption on cardiovascular health: myths and measures.
Glob Heart. 2022;17(1):45. [doi: 10.5334/gh.1132] [Medline: 36051324]

29. The scientific curatorium of the deutsche hauptstelle für suchtfragen. [recommendations for dealing with alcohol]
[Report in Dutch]. Deutsche Hauptstelle für Suchtfragen e.V; 2023. URL: https://www.dhs.de/fileadmin/user_upload/
WK_der_DHS_-_Empfehlungen_zum_Umgang_mit_Alkohol.pdf [Accessed 2025-11-25]

30. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) of 93 hierarchically clustered
techniques: building an international consensus for the reporting of behavior change interventions. Ann Behav Med. Aug
2013;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

31. Garnett CV, Crane D, Brown J, et al. Behavior change techniques used in digital behavior change interventions to reduce
excessive alcohol consumption: a meta-regression. Ann Behav Med. May 18, 2018;52(6):530-543. [doi: 10.1093/abm/
kax029] [Medline: 29788261]

32. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot.
1997;12(1):38-48. [doi: 10.4278/0890-1171-12.1.38] [Medline: 10170434]

33. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. Dec 1991;50(2):179-211. [doi: 10.1016/
0749-5978(91)90020-T]

34. Janz NK, Becker MH. The Health Belief Model: a decade later. Health Educ Q. 1984;11(1):1-47. [doi: 10.1177/
109019818401100101] [Medline: 6392204]

35. Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior change in persons with chronic illness or
disability: the Health Action Process Approach (HAPA). Rehabil Psychol. Aug 2011;56(3):161-170. [doi: 10.1037/
a0024509] [Medline: 21767036]

36. Sheeran P, Webb TL. The intention–behavior gap. Soc Personality Psych. Sep 2016;10(9):503-518. URL: https://
compass.onlinelibrary.wiley.com/toc/17519004/10/9 [Accessed 2025-11-20] [doi: 10.1111/spc3.12265]

37. Collins SE, Kirouac M, Lewis MA, Witkiewitz K, Carey KB. Randomized controlled trial of web-based decisional
balance feedback and personalized normative feedback for college drinkers. J Stud Alcohol Drugs. Nov
2014;75(6):982-992. [doi: 10.15288/jsad.2014.75.982] [Medline: 25343656]

38. Foster DW, Neighbors C, Pai A. Decisional balance: Alcohol decisional balance intervention for heavy drinking
undergraduates. Subst Use Misuse. 2015;50(13):1717-1727. [doi: 10.3109/10826084.2015.1036883] [Medline:
26555004]

39. Bellis MA, Hughes K, Nicholls J, Sheron N, Gilmore I, Jones L. The alcohol harm paradox: Using a national survey to
explore how alcohol may disproportionately impact health in deprived individuals. BMC Public Health. Feb 18,
2016;16(1):111. [doi: 10.1186/s12889-016-2766-x] [Medline: 26888538]

40. Grittner U, Kuntsche S, Graham K, Bloomfield K. Social inequalities and gender differences in the experience of
alcohol-related problems. Alcohol Alcohol. 2012;47(5):597-605. [doi: 10.1093/alcalc/ags040] [Medline: 22542707]

41. Mackenbach JP, Kulhánová I, Bopp M, et al. Inequalities in alcohol-related mortality in 17 European countries: a
retrospective analysis of mortality registers. PLoS Med. Dec 2015;12(12):e1001909. [doi: 10.1371/journal.pmed.
1001909] [Medline: 26625134]

42. Katikireddi SV, Whitley E, Lewsey J, Gray L, Leyland AH. Socioeconomic status as an effect modifier of alcohol
consumption and harm: analysis of linked cohort data. Lancet Public Health. Jun 2017;2(6):e267-e276. [doi: 10.1016/
S2468-2667(17)30078-6]

43. Collins SE. Associations between socioeconomic factors and alcohol outcomes. Alcohol Res. 2016;38(1):83-94.
[Medline: 27159815]

44. Brown T, Platt S, Amos A. Equity impact of population-level interventions and policies to reduce smoking in adults: a
systematic review. Drug Alcohol Depend. May 1, 2014;138:7-16. [doi: 10.1016/j.drugalcdep.2014.03.001] [Medline:
24674707]

45. Bender AM, Jørgensen T, Helbech B, Linneberg A, Pisinger C. Socioeconomic position and participation in baseline and
follow-up visits: the Inter99 study. Eur J Prev Cardiol. Jul 2014;21(7):899-905. [doi: 10.1177/2047487312472076]
[Medline: 23233551]

46. Freyer-Adam J, Baumann S, Haberecht K, et al. In-person and computer-based alcohol interventions at general hospitals:
reach and retention. Eur J Public Health. Oct 2016;26(5):844-849. [doi: 10.1093/eurpub/ckv238] [Medline: 26748101]

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 12
(page number not for citation purposes)

https://doi.org/10.1016/S0140-6736(22)00847-9
https://www.ccsa.ca/sites/default/files/2023-01/CCSA_Canadas_Guidance_on_Alcohol_and_Health_Final_Report_en.pdf
https://www.ccsa.ca/sites/default/files/2023-01/CCSA_Canadas_Guidance_on_Alcohol_and_Health_Final_Report_en.pdf
https://doi.org/10.5334/gh.1132
http://www.ncbi.nlm.nih.gov/pubmed/36051324
https://www.dhs.de/fileadmin/user_upload/WK_der_DHS_-_Empfehlungen_zum_Umgang_mit_Alkohol.pdf
https://www.dhs.de/fileadmin/user_upload/WK_der_DHS_-_Empfehlungen_zum_Umgang_mit_Alkohol.pdf
https://doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/pubmed/23512568
https://doi.org/10.1093/abm/kax029
https://doi.org/10.1093/abm/kax029
http://www.ncbi.nlm.nih.gov/pubmed/29788261
https://doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/pubmed/10170434
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1177/109019818401100101
https://doi.org/10.1177/109019818401100101
http://www.ncbi.nlm.nih.gov/pubmed/6392204
https://doi.org/10.1037/a0024509
https://doi.org/10.1037/a0024509
http://www.ncbi.nlm.nih.gov/pubmed/21767036
https://compass.onlinelibrary.wiley.com/toc/17519004/10/9
https://compass.onlinelibrary.wiley.com/toc/17519004/10/9
https://doi.org/10.1111/spc3.12265
https://doi.org/10.15288/jsad.2014.75.982
http://www.ncbi.nlm.nih.gov/pubmed/25343656
https://doi.org/10.3109/10826084.2015.1036883
http://www.ncbi.nlm.nih.gov/pubmed/26555004
https://doi.org/10.1186/s12889-016-2766-x
http://www.ncbi.nlm.nih.gov/pubmed/26888538
https://doi.org/10.1093/alcalc/ags040
http://www.ncbi.nlm.nih.gov/pubmed/22542707
https://doi.org/10.1371/journal.pmed.1001909
https://doi.org/10.1371/journal.pmed.1001909
http://www.ncbi.nlm.nih.gov/pubmed/26625134
https://doi.org/10.1016/S2468-2667(17)30078-6
https://doi.org/10.1016/S2468-2667(17)30078-6
http://www.ncbi.nlm.nih.gov/pubmed/27159815
https://doi.org/10.1016/j.drugalcdep.2014.03.001
http://www.ncbi.nlm.nih.gov/pubmed/24674707
https://doi.org/10.1177/2047487312472076
http://www.ncbi.nlm.nih.gov/pubmed/23233551
https://doi.org/10.1093/eurpub/ckv238
http://www.ncbi.nlm.nih.gov/pubmed/26748101
https://www.jmir.org/2025/1/e77921


47. Freyer-Adam J, Baumann S, Bischof G, et al. Social equity in the efficacy of computer-based and in-person brief alcohol
interventions among general hospital patients with at-risk alcohol use: a randomized controlled trial. JMIR Ment Health.
Jan 28, 2022;9(1):e31712. [doi: 10.2196/31712] [Medline: 35089156]

48. Kilian C, Lemp JM, Probst C. Who benefits from alcohol screening and brief intervention? A mini-review on
socioeconomic inequalities with a focus on evidence from the United States. Addict Behav. Oct 2023;145:107765. [doi:
10.1016/j.addbeh.2023.107765] [Medline: 37315509]

49. Staudt A, Freyer-Adam J, Meyer C, Bischof G, John U, Baumann S. The moderating effect of educational background
on the efficacy of a computer-based brief intervention addressing the full spectrum of alcohol use: randomized controlled
trial. JMIR Public Health Surveill. Jun 30, 2022;8(6):e33345. [doi: 10.2196/33345] [Medline: 35771621]

50. Baumann S, Staudt A, Freyer‐Adam J, Bischof G, Meyer C, John U. Effects of a brief alcohol intervention addressing
the full spectrum of drinking in an adult general population sample: a randomized controlled trial. Addiction. Aug
2021;116(8):2056-2066. [doi: 10.1111/add.15412]

51. Freyer-Adam J, Baumann S, Haberecht K, et al. Can brief alcohol interventions in general hospital inpatients improve
mental and general health over 2 years? Results from a randomized controlled trial. Psychol Med. Jul
2019;49(10):1722-1730. [doi: 10.1017/S0033291718002453] [Medline: 30178727]

52. DRKS - deutsches register klinischer studien. Deutsches Register Klinischer Studien [German Clinical Trials Register].
URL: https://drks.de/search/de/trial/DRKS00014274 [Accessed 2025-12-01]

53. Baumann S, Staudt A, Freyer-Adam J, John U. Proactive expert system intervention to prevent or quit at-risk alcohol use
(PRINT): study protocol of a randomized controlled trial. BMC Public Health. Jul 9, 2018;18(1):851. [doi: 10.1186/
s12889-018-5774-1] [Medline: 29986695]

54. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the Alcohol Use Disorders
Identification Test (AUDIT): WHO collaborative project on early detection of persons with harmful alcohol
consumption–II. Addiction. Jun 1993;88(6):791-804. [doi: 10.1111/j.1360-0443.1993.tb02093.x] [Medline: 8329970]

55. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption questions (AUDIT-C):
an effective brief screening test for problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP).
Alcohol Use Disorders Identification Test. Arch Intern Med. Sep 14, 1998;158(16):1789-1795. [doi: 10.1001/archinte.
158.16.1789] [Medline: 9738608]

56. Miller W, Rollnick S. Motivational Interviewing - Preparing People for Change. The Guilford Press; 2002. URL: https://
bluepeteraustralia.wordpress.com/wp-content/uploads/2012/12/motivational-interviewing.pdf [Accessed 2025-12-01]

57. Reinert DF, Allen JP. The Alcohol Use Disorders Identification Test: An update of research findings. Alcohol Clin Exp
Res. Feb 2007;31(2):185-199. [doi: 10.1111/j.1530-0277.2006.00295.x] [Medline: 17250609]

58. Kehoe T, Gmel G, Shield KD, Gmel G, Rehm J. Determining the best population-level alcohol consumption model and
its impact on estimates of alcohol-attributable harms. Popul Health Metr. Apr 10, 2012;10(6):6. [doi: 10.1186/1478-
7954-10-6] [Medline: 22490226]

59. Stata statistical software: release 18. StataCorp LLC. 2023. URL: https://www.stata.com/stata-news/news38-2/
[Accessed 2025-12-01]

60. Muthén LK, Muthén BO. Mplus User’s Guide. 8th ed. Muthén & Muthén; 2017. URL: https://www.statmodel.com/
download/usersguide/MplusUserGuideVer_8.pdf [Accessed 2025-12-01]

61. Beard E, Dienes Z, Muirhead C, West R. Using Bayes factors for testing hypotheses about intervention effectiveness in
addictions research. Addiction. Dec 2016;111(12):2230-2247. [doi: 10.1111/add.13501] [Medline: 27347846]

62. Tattan-Birch H. BayesFactor.info. 2021. URL: https://harry-tattan-birch.shinyapps.io/bayes-factor-calculator/ [Accessed
2024-09-10]

63. Enders CE, Staudt A, Freyer-Adam J, et al. Brief alcohol intervention at a municipal registry office: reach and retention.
Eur J Public Health. Apr 24, 2021;31(2):418-423. [doi: 10.1093/eurpub/ckaa195] [Medline: 33152067]

64. O’Connor EA, Perdue LA, Senger CA, et al. Screening and behavioral counseling interventions to reduce unhealthy
alcohol use in adolescents and adults. JAMA. Nov 13, 2018;320(18):1910. [doi: 10.1001/jama.2018.12086]

65. Schouten MJE, Christ C, Dekker JJM, Riper H, Goudriaan AE, Blankers M. Digital interventions for people with co-
occurring depression and problematic alcohol use: a systematic review and meta-analysis. Alcohol Alcohol. Jan 8,
2022;57(1):113-124. [doi: 10.1093/alcalc/agaa147] [Medline: 33588432]

66. Prosser T, Gee KA, Jones F. A meta-analysis of effectiveness of E-interventions to reduce alcohol consumption in
college and university students. J Am Coll Health. 2018;66(4):292-301. [doi: 10.1080/07448481.2018.1440579]
[Medline: 29452058]

67. Saxton J, Rodda SN, Booth N, Merkouris SS, Dowling NA. The efficacy of Personalized Normative Feedback
interventions across addictions: a systematic review and meta-analysis. PLoS ONE. 2021;16(4):e0248262. [doi: 10.1371/
journal.pone.0248262] [Medline: 33793583]

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 13
(page number not for citation purposes)

https://doi.org/10.2196/31712
http://www.ncbi.nlm.nih.gov/pubmed/35089156
https://doi.org/10.1016/j.addbeh.2023.107765
http://www.ncbi.nlm.nih.gov/pubmed/37315509
https://doi.org/10.2196/33345
http://www.ncbi.nlm.nih.gov/pubmed/35771621
https://doi.org/10.1111/add.15412
https://doi.org/10.1017/S0033291718002453
http://www.ncbi.nlm.nih.gov/pubmed/30178727
https://drks.de/search/de/trial/DRKS00014274
https://doi.org/10.1186/s12889-018-5774-1
https://doi.org/10.1186/s12889-018-5774-1
http://www.ncbi.nlm.nih.gov/pubmed/29986695
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
http://www.ncbi.nlm.nih.gov/pubmed/8329970
https://doi.org/10.1001/archinte.158.16.1789
https://doi.org/10.1001/archinte.158.16.1789
http://www.ncbi.nlm.nih.gov/pubmed/9738608
https://bluepeteraustralia.wordpress.com/wp-content/uploads/2012/12/motivational-interviewing.pdf
https://bluepeteraustralia.wordpress.com/wp-content/uploads/2012/12/motivational-interviewing.pdf
https://doi.org/10.1111/j.1530-0277.2006.00295.x
http://www.ncbi.nlm.nih.gov/pubmed/17250609
https://doi.org/10.1186/1478-7954-10-6
https://doi.org/10.1186/1478-7954-10-6
http://www.ncbi.nlm.nih.gov/pubmed/22490226
https://www.stata.com/stata-news/news38-2/
https://www.statmodel.com/download/usersguide/MplusUserGuideVer_8.pdf
https://www.statmodel.com/download/usersguide/MplusUserGuideVer_8.pdf
https://doi.org/10.1111/add.13501
http://www.ncbi.nlm.nih.gov/pubmed/27347846
https://harry-tattan-birch.shinyapps.io/bayes-factor-calculator/
https://doi.org/10.1093/eurpub/ckaa195
http://www.ncbi.nlm.nih.gov/pubmed/33152067
https://doi.org/10.1001/jama.2018.12086
https://doi.org/10.1093/alcalc/agaa147
http://www.ncbi.nlm.nih.gov/pubmed/33588432
https://doi.org/10.1080/07448481.2018.1440579
http://www.ncbi.nlm.nih.gov/pubmed/29452058
https://doi.org/10.1371/journal.pone.0248262
https://doi.org/10.1371/journal.pone.0248262
http://www.ncbi.nlm.nih.gov/pubmed/33793583
https://www.jmir.org/2025/1/e77921


68. Mun EY, Zhou Z, Huh D, et al. Brief alcohol interventions are effective through 6 months: findings from marginalized
zero-inflated Poisson and negative binomial models in a two-step IPD meta-analysis. Prev Sci. Nov
2023;24(8):1608-1621. [doi: 10.1007/s11121-022-01420-1] [Medline: 35976524]

69. Peltzer K, Naidoo P, Louw J, et al. Screening and brief interventions for hazardous and harmful alcohol use among
patients with active tuberculosis attending primary public care clinics in South Africa: results from a cluster randomized
controlled trial. BMC Public Health. Jul 31, 2013;13(1):699. [doi: 10.1186/1471-2458-13-699] [Medline: 23902931]

70. Hallgren KA, Witkiewitz K. Missing data in alcohol clinical trials: a comparison of methods. Alcohol Clin Exp Res. Dec
2013;37(12):2152-2160. [doi: 10.1111/acer.12205] [Medline: 23889334]

71. Rubin DB. Inference and missing data. Biometrika. 1976;63(3):581-592. [doi: 10.1093/biomet/63.3.581]
72. Enders CK. Missing not at random models for latent growth curve analyses. Psychol Methods. Mar 2011;16(1):1-16.

[doi: 10.1037/a0022640] [Medline: 21381816]
73. Schecke H, Bohn A, Scherbaum N, Mette C. Alcohol use during COVID-19 pandemic on the long run: findings from a

longitudinal study in Germany. BMC Psychol. Nov 14, 2022;10(1):266. [doi: 10.1186/s40359-022-00965-8] [Medline:
36376933]

74. Koopmann A, Georgiadou E, Reinhard I, et al. The effects of the lockdown during the COVID-19 pandemic on alcohol
and tobacco consumption behavior in Germany. Eur Addict Res. 2021;27(4):242-256. [doi: 10.1159/000515438]
[Medline: 33902030]

75. Schaeffer D, Klinger J, Berens EM, et al. Health literacy in Germany before and during the COVID-19 pandemic.
Gesundheitswesen. Oct 2021;83(10):781-788. [doi: 10.1055/a-1560-2479] [Medline: 34547817]

76. Bromme R, Mede NG, Thomm E, Kremer B, Ziegler R. An anchor in troubled times: trust in science before and within
the COVID-19 pandemic. PLoS ONE. 2022;17(2):e0262823. [doi: 10.1371/journal.pone.0262823] [Medline: 35139103]

77. Global status report on alcohol and health and treatment of substance use disorders. World Health Organization; 2024.
URL: https://www.who.int/publications/i/item/9789240096745 [Accessed 2025-12-01]

78. Rauschert C, Möckl J, Seitz NN, Wilms N, Olderbak S, Kraus L. The use of psychoactive substances in Germany. Dtsch
Arztebl Int. Aug 8, 2022. [doi: 10.3238/arztebl.m2022.0244]

79. Stockwell T, Zhao J, Greenfield T, Li J, Livingston M, Meng Y. Estimating under‐ and over‐reporting of drinking in
national surveys of alcohol consumption: identification of consistent biases across four English‐speaking countries.
Addiction. Jul 2016;111(7):1203-1213. [doi: 10.1111/add.13373]

Abbreviations
AUD: alcohol use disorder
AUDIT: Alcohol Use Disorders Identification Test
AUDIT-C: Alcohol Use Disorders Identification Test–Consumption
BF: Bayes factor
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth
IRR: incidence rate ratio
OR: odds ratio

Edited by Amy Schwartz; peer-reviewed by Tracy McPherson, Yanxia Wei, Yongda Socrates Wu; submitted 22.May.2025;
final revised version received 10.Sep.2025; accepted 10.Oct.2025; published 02.Dec.2025

Please cite as:
Staudt A, John U, Freyer-Adam J, Bischof G, Zeiser M, Baumann S
Four-Year Effects of a Computer-Based Brief Alcohol Intervention Targeting Alcohol Users in the General Population:
Randomized Controlled Trial
J Med Internet Res2025;27:e77921
URL: https://www.jmir.org/2025/1/e77921
doi: 10.2196/77921

© Andreas Staudt, Ulrich John, Jennis Freyer-Adam, Gallus Bischof, Maria Zeiser, Sophie Baumann. Originally published
in the Journal of Medical Internet Research (https://www.jmir.org), 02.Dec.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 14
(page number not for citation purposes)

https://doi.org/10.1007/s11121-022-01420-1
http://www.ncbi.nlm.nih.gov/pubmed/35976524
https://doi.org/10.1186/1471-2458-13-699
http://www.ncbi.nlm.nih.gov/pubmed/23902931
https://doi.org/10.1111/acer.12205
http://www.ncbi.nlm.nih.gov/pubmed/23889334
https://doi.org/10.1093/biomet/63.3.581
https://doi.org/10.1037/a0022640
http://www.ncbi.nlm.nih.gov/pubmed/21381816
https://doi.org/10.1186/s40359-022-00965-8
http://www.ncbi.nlm.nih.gov/pubmed/36376933
https://doi.org/10.1159/000515438
http://www.ncbi.nlm.nih.gov/pubmed/33902030
https://doi.org/10.1055/a-1560-2479
http://www.ncbi.nlm.nih.gov/pubmed/34547817
https://doi.org/10.1371/journal.pone.0262823
http://www.ncbi.nlm.nih.gov/pubmed/35139103
https://www.who.int/publications/i/item/9789240096745
https://doi.org/10.3238/arztebl.m2022.0244
https://doi.org/10.1111/add.13373
https://www.jmir.org/2025/1/e77921
https://doi.org/10.2196/77921
https://www.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://www.jmir.org/2025/1/e77921


Medical Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original
publication on https://www.jmir.org/, as well as this copyright and license information must be included.

JOURNAL OF MEDICAL INTERNET RESEARCH Staudt et al

https://www.jmir.org/2025/1/e77921 J Med Internet Res2025 | vol. 27 | e77921 | p. 15
(page number not for citation purposes)

https://www.jmir.org/
https://www.jmir.org/2025/1/e77921

	Four-Year Effects of a Computer-Based Brief Alcohol Intervention Targeting Alcohol Users in the General Population: Randomized Controlled Trial
	Introduction
	Methods
	Study Design
	Participants and Procedure
	Ethical Considerations
	Measures
	Statistical Analysis

	Results
	Sample Characteristics
	Intervention Adherence
	Follow-Up Participation
	Intervention Efficacy
	Sensitivity Analyses
	Moderation Analyses

	Discussion


