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ABSTRACT 

Background: To reduce the burden of disease attributable to alcohol, screening for at-risk 

alcohol use in the general population is recommended. Screening is usually carried out at only 

one point in time although individual alcohol use may change over time and self-reported 

consumption may be biased by underreporting. However, there are gaps in research on temporal 

variability of alcohol use. Therefore, this cumulative dissertation investigated (1) changes in 

drinking patterns within 4 weeks; (2) changes in screening results within 12 months and factors 

predicting a transition from low-risk to at-risk alcohol use; (3) whether underreporting can be 

reduced by prompting respondents to recall their alcohol use in the past week prior to screening. 

Methods: Participants were adults from the general population recruited in a municipal registry 

office. For the first paper, 288 alcohol users were assessed four times using Timeline Follow-

Back, each one week apart. Changes in drinking patterns were analyzed using latent transition 

modeling. For the second paper, 831 control group participants of a randomized controlled trial 

were screened for at-risk alcohol use at baseline, 3, 6, and 12 months later using the Alcohol 

Use Disorders Identification Test - Consumption (AUDIT-C). The transition from low-risk to 

at-risk alcohol use was predicted using logistic regression. For the third paper, 2,379 alcohol 

users were screened for at-risk alcohol use using the AUDIT-C, either before or after receiving 

the prompt to recall their past week alcohol use. Data were analyzed using logistic regression. 

Results: Within 4 weeks, 35 percent of alcohol users changed their drinking pattern. Changes 

were more likely for individuals with moderate or heavy compared to light drinking. Within 12 

months, 30 percent of alcohol users changed their screening result. Changes were more likely 

for at-risk compared to low-risk alcohol users. Transitioning from low-risk to at-risk alcohol 

use was more likely for women (vs. men; Odds Ratio, OR = 1.66), 18- to 29-year-old adults 

(vs. 30- to 45-year-old adults; OR = 2.30), and individuals reporting two or more drinking days 

in the past week (vs. less than two; OR = 3.11). When respondents were prompted to recall their 

alcohol use in the past week prior to screening, they were less likely to report at-risk alcohol 

use compared to when the screening was conducted without prior prompt (OR = 0.83). 

Conclusions: One in three alcohol users changed their consumption, some of them even within 

a period as short as 4 weeks. These changes might compromise the validity of screening that is 

commonly based on a single assessment of typical alcohol use. Furthermore, underreporting 

cannot be reduced by prompting individuals to recall their alcohol use in the past week prior to 

the screening for at-risk alcohol use. Rather, consecutive questionnaires addressing different 

aspects of alcohol use within a single survey might be a potential source of bias.
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ZUSAMMENFASSUNG 

Hintergrund: Um die alkohol-attributable Krankheitslast in der Bevölkerung zu verringern, 

wird ein Screening auf gesundheitsriskanten Alkoholkonsum empfohlen. Obwohl sich der in-

dividuelle Konsum mit der Zeit verändern kann, wird dieses Screening in der Regel nur einmal 

durchgeführt. Bezüglich der zeitlichen Variabilität des Alkoholkonsums bestehen noch Lücken 

in der Forschung. Zudem unterliegt das Screening verschiedenen Fehlerquellen, wie z.B. dem 

Underreporting. Deshalb wurde untersucht, (1) wie sich Trinkmuster innerhalb von 4 Wochen 

verändern; (2) wie sich die Resultate verändern, wenn das Screening mehrmals innerhalb von 

12 Monaten wiederholt wird und welche Faktoren den Übergang von risikoarmem zu riskantem 

Konsum vorhersagen; (3) ob sich Underreporting reduzieren lässt, wenn Befragte vor dem 

Screening aufgefordert werden, sich an ihren Konsum der letzten Woche zu erinnern. 

Methode: In einem Einwohnermeldeamt wurden erwachsene Personen aus der Allgemein-

bevölkerung rekrutiert. Für das erste Paper wurden 288 Personen mit aktuellem Alkohol-

konsum vier Mal mittels Timeline Follow-Back befragt, jeweils mit einer Woche Abstand. Für 

das zweite Paper wurden 831 Kontrollpersonen einer randomisiert-kontrollierten Studie zu 

Baseline, nach 3, 6 und 12 Monaten mit dem Alcohol Use Disorders Identification Test - 

Consumption (AUDIT-C) auf riskanten Alkoholkonsum gescreent. Für das dritte Paper wurden 

2,379 Personen mittels AUDIT-C gescreent, entweder bevor oder nachdem sie aufgefordert 

wurden, sich an ihren Konsum der letzten Woche zu erinnern. Die Daten wurden mit latenten 

Klassenanalysen (Paper 1) und logistischen Regressionsmodellen (Paper 2 und 3) analysiert. 

Ergebnisse: Innerhalb von 4 Wochen veränderten 35 Prozent ihr Trinkmuster. Innerhalb von 

12 Monaten veränderte sich bei 30 Prozent das Screeningresultat. Dies geschah häufiger bei 

Personen mit riskantem als bei Personen mit risikoarmem Alkoholkonsum. Der Übergang zu 

riskantem Konsum zeigte sich häufiger bei Frauen (Odds Ratio, OR = 1.66), 18- bis 29-Jährigen 

(im Vergleich zu 30- bis 45-Jährigen; OR = 2.30) sowie denjenigen, die zwei oder mehr Tage 

mit Alkoholkonsum in der letzten Woche berichteten (im Vergleich zu weniger als zwei Tagen; 

OR = 3.11). Gab es vor dem Screening die Aufforderung, den Konsum der letzten Woche zu 

erinnern, war ein positives Screening auf riskanten Alkoholkonsum weniger wahrscheinlich, 

als wenn das Screening ohne vorherige Aufforderung durchgeführt wurde (OR = 0.83). 

Diskussion: Jede dritte Person veränderte ihren Alkoholkonsum über die Zeit. Das könnte die 

Validität des Screenings beeinträchtigen, da dieses in der Regel auf der einmaligen Erfassung 

des typischen Konsums einer Person beruht. Zur Reduktion von Underreporting erwies sich die 

Aufforderung, sich vor dem Screening an den Alkoholkonsum der letzten Woche zu erinnern, 

als ungeeignet. Vielmehr gab es Hinweise, dass aufeinanderfolgende Fragebögen zum Thema 

Alkohol innerhalb einer Befragung zu stärkeren Verzerrungen in den Angaben führen könnten. 



3 
 

1. INTRODUCTION 

 

1.1.  The purpose of screening for at-risk alcohol use 

Globally, alcohol consumption is one of the leading reasons for impaired health [1]. Alcohol 

consumption has been estimated to be the seventh most important risk factor for both deaths 

and disability-adjusted life-years in 2016 [2]. The adverse effects of alcohol are manifold: 

cumulative consumption increases the risk for a variety of non-communicable diseases such as 

cancer, cardiovascular disease or diabetes; acute intoxication can lead to self-harm or harm to 

others through injuries, road accidents or violence; and alcohol use disorders can lead to severe 

health-related and psychosocial impairments [3]. 

The World Health Organization recommends screening for at-risk alcohol use in the general 

population in order to reduce the burden of disease caused by alcohol [4]. At-risk alcohol use 

is commonly defined as drinking seven or more alcohol drinks per week or three or more on a 

single occasion for women and drinking 14 or more alcoholic drinks per week or four or more 

on a single occasion for men [5]. Depending on the screening result and the expected risk 

associated with someone’s drinking behavior, health professionals may take educational, 

preventative, or curative action. Among others, brief interventions1 are expected to have a 

significant public health impact if they are disseminated in combination with systematic 

screening [7, 8]. For the provision of screening, valid and practicable methods are essential. 
 

1.2.  Challenges in screening for at-risk alcohol use 

Screening for at-risk alcohol use relies on self-reported behavior. The Alcohol Use Disorders 

Identification Test - Consumption [AUDIT-C; 9] is one of the most widely used screening 

questionnaires in this context [10]. Individuals are asked to disclose how often they have a drink 

containing alcohol and how many drinks they have on a typical day when they are drinking. 

Additionally, the frequency of heavy episodic drinking is inquired, i.e. drinking four or more 

alcohol drinks on a single occasion for women and five or more for men [5]. The AUDIT-C has 

proven to be very sensitive in detecting at-risk alcohol use in the general population as defined 

above [11-13]. In most cases, however, screening is carried out at only one point in time, 

 
1 Brief alcohol intervention is an umbrella term for different low-threshold interventions that 

aim at reducing alcohol consumption, for example by means of personalized advice, normative 

feedback or motivational interviewing [6]. 
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neglecting that alcohol use may change over time and that some respondents may provide 

inaccurate information about their consumption. 

Retrospective self-report methods are subject to recall bias [14]. Surveys seem to cover only a 

fraction of the real amount of alcohol consumed in a population. One recent study estimated 

this coverage rate to be 36.5 percent, comparing survey data from 23 European countries [15]. 

Epidemiological surveys in four English-speaking countries revealed that self-reports only 

covered 40 to 60 percent of total alcohol sales [16]. There are various explanations for this gap 

[17] such as that persons with particularly high alcohol use may be less likely to belong to the 

target population for a survey (coverage error) and may be less likely to participate in a survey 

or provide answers to alcohol questions within a survey (nonresponse error). Underreporting 

may be the most straightforward explanation, though. Underreporting is commonly referred to 

the phenomenon that individuals report less alcohol than they actually consume [16, 18].  

In surveys, underreporting depends on the interaction of respondent, context, and assessment 

characteristics. Respondent characteristics encompass cognitive factors such as individual 

memory capacities [19], psychological factors such as the tendency to provide socially desirable 

answers [20], or consumption factors such as drinking patterns [21]. Context characteristics 

include the perceived intention of the interviewer [22] or the perceived anonymity of the 

interviewee [23]. Relevant assessment characteristics can be the order of questions or the length 

of the time period for which alcohol use must be recalled [24]. 

All these factors may influence the accuracy of answers to screening questions that inquire the 

typical frequency and quantity of alcohol use [19], as it is the case in established questionnaires 

such as the AUDIT-C. This task may be particularly challenging for someone who consumes 

alcohol at varying frequencies and intensities over time [25]. The disclosures might not be 

trustworthy in these cases which in turn may be a pitfall for screening for at-risk alcohol use. 

 

1.3. The temporal stability of alcohol consumption 

Alcohol is often consumed habitually. However, it seems unlikely that alcohol use is completely 

stable over time. For instance, consumption has been found to peak at holidays such as 

Christmas and New Year’s Eve [26]. Although there is some evidence for temporal variability 

within individuals, important questions about the temporal stability of alcohol use remain 

unanswered, two of them being: (i) How stable is alcohol use over a short period of time such 

as four weeks? (ii) How do screening results for at-risk alcohol use change within 12 months? 
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1.3.1.  How stable are drinking patterns within four weeks? 

In the general population, alcohol use has been found to be event-specific [26] and to vary with 

the time of the year [27, 28]. Trajectories of alcohol use have been studied in emerging adults 

[29, 30], from the age of 50 upwards [31, 32] and around the time of retirement [33]. Two 

findings appeared repeatedly. First, average alcohol consumption seemed to decrease with 

increasing age [29, 32, 34]. Second, qualitatively different trajectories of alcohol use were 

identified [29, 30, 32, 33, 35, 36]: consistent alcohol use at high or low levels as well as decrease 

and increase of alcohol use over time. 

Understanding the stability of alcohol use encompasses multiple dimensions such as average 

consumption for different time intervals or the frequency of heavy episodic drinking. Evidence 

of stability and change can be found simultaneously [37], depending on how alcohol use is 

operationalized. Consuming one drink every night or seven drinks on one Friday night yields 

the same estimate of weekly average consumption while an episode of heavy drinking happens 

only in the latter case. This difference is not trivial as the risk for detrimental consequences 

(e.g. through acute intoxication) is particularly high in case of heavy episodic drinking. The 

concept of drinking patterns overcomes this limitation by providing a comprehensive picture of 

alcohol use that goes beyond average consumption [38]. Drinking patterns as understood in this 

thesis encompass three characteristics [38-40]: (1) frequency of alcohol use, (2) quantity of 

alcohol use, and (3) the frequency of heavy episodic drinking. 

Past research mostly applied longer time intervals between measurements [29-35], ranging 

from one year [29] to 21 years [34]. Little is known on short-term variations of drinking patterns 

in the general population with the exception that more alcohol is consumed on weekend days 

compared to weekdays [41, 42]. Further studies are limited to emerging adults [43, 44] and 

university students [45, 46]. Shorter time intervals between measurements such as one week 

provide the possibility to uncover changes that are not well understood yet. Alcohol use that 

fluctuates within a short period of time may impede accurate recall and bias the screening for 

at-risk alcohol use. Respondents may be forced to compress and simplify their answers because 

questionnaires such as the AUDIT-C assume stable alcohol use over time. 

 

1.3.2.  How do screening results for at-risk alcohol use change within 12 months? 

Another approach to provide insight into the temporal stability of alcohol consumption is to 

investigate changes of screening results over time. Screening is usually conducted at only one 

point in time. The aim is to identify individuals who are at risk for potential harms due to their 
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alcohol use [4, 47]. Up to date, it is unclear whether and when a subsequent screening should 

take place. Due to a lack of evidence, both the U.S. Preventive Services Task Force [48] and 

the German guideline “Screening, diagnosis and treatment of alcohol-related disorders” [49] 

concluded that the optimal screening interval is unknown. The latter suggested an interval of 

one or two years but acknowledged that this recommendation has only a weak empirical basis. 

The question remains how long screening results can be regarded as valid. Those individuals 

who are considered to be at low risk for alcohol-related consequences according to screening, 

but who increase their consumption in the aftermath will most likely not receive any 

intervention. From a public health perspective, this needs to be avoided, as recent evidence 

casted doubt on the safe limits, i.e. the established recommendations for low-risk alcohol use 

[50]. Implementing screening on a regular basis would help to reduce the burden of disease 

attributable to alcohol [7, 51, 52]. However, resources are limited in relevant settings such as 

primary health care [53]. Therefore, information on the stability of screening results is required 

to inform an economically sound allocation of resources for repeated screening. 

So far, two studies have investigated changes in screening results over time. Saitz et al. [54] 

analyzed longitudinal data from a representative sample of U.S. adults who were assessed twice 

(once in 2001/02 and once in 2004/05). One fourth of at-risk alcohol users transitioned to low-

risk alcohol use and 15 percent of low-risk alcohol users transitioned to at-risk alcohol use. 

Lapham et al. [55] looked at data from U.S. veterans who participated in annual screening for 

at-risk alcohol use as part of routine care. The probabilities of transitioning from low-risk to at-

risk alcohol use were 6.0 percent for men and 5.4 percent for women. The study reported the 

number needed to screen to be 17 in order to identify one person transitioning from low-risk to 

at-risk alcohol use [55]. However, the presented findings are limited to U.S. adults or veterans 

and time spans of one year or longer. An adequate screening interval should help to detect 

relevant transitions in alcohol use, even those that happen within one year. There is evidence 

for considerable alcohol use variability within one year [43, 44]. Therefore, investigating 

changes of screening results over the course of 12 months may add valuable information. 

Moreover, little is known on factors that predict temporal changes in screening results although 

transition probabilities in the two studies outlined above varied considerably [54, 55]. Male 

gender and younger adult age increased the likelihood for transitions from low-risk to at-risk 

alcohol use [54, 55]. Two other longitudinal studies showed that higher school education 

predicted increases [31] and slower age-related decreases in alcohol use [34], respectively. 

Since school education [56, 57] and employment status [58, 59] have been associated with 
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qualitatively different drinking behavior in cross-sectional research, it seems reasonable to 

assume that these might also influence transitions between low-risk and at-risk alcohol use.  

Furthermore, inconsistencies between screening results and reported consumption have been 

found [60]. That means that it is possible for someone to be classified as low-risk alcohol user 

according to the AUDIT-C while reporting alcohol use above recommended limits, or vice 

versa [60]. Anomalies may also be found between different alcohol measures such as reporting 

heavy episodic drinking in the past week while indicating a typical frequency of heavy episodic 

drinking of less than once per month in the AUDIT-C. Such peculiarities are not implausible 

per se, but might be precursors of increasing alcohol use in the near future and potentially 

relevant in predicting transitions from low-risk to at-risk alcohol use.  

 

1.4.  Can underreporting be reduced by prior recall of past week alcohol use? 

Underreporting of alcohol use compromises the validity of screening. The extent may vary 

between individuals whereas the evidence is unequivocal. Gender [18], age [61] and frequency 

of alcohol use [16, 18] have been identified as moderators of underreporting in some studies, 

but not in others [18, 61]. Assessment characteristics may also play an important role [19, 24, 

25]. In order to understand underreporting, it may be worthwhile to look at the process how 

individuals may come up with disclosures about their alcohol use. 

The AUDIT-C asks how often respondents have a drink containing alcohol [9]. In order to 

provide valid information, respondents have to remember and summarize drinking episodes in 

the past into a global appraisal of typical drinking frequency. It is doubtful whether respondents 

engage in such a complex reflection process. Unless the occasions are rare or of personal 

importance, there may be no detailed episodic memories [62], which makes counting infeasible 

[63]. Nevertheless, respondents can answer AUDIT-C questions right away, possibly by relying 

on cognitive schemas. These are units of information stored in the human memory that can be 

easily accessed and retrieved [64]. As a result, respondents may estimate their drinking 

frequency based on a general impression [63] rather than counting actual occasions of alcohol 

use based on episodic memories. The result may be imprecise and under-estimated [24]. With 

regard to typical drinking quantities, the situation is similar as one person can consume very 

different quantities over time [65] but may lack sufficiently detailed episodic memories. Thus, 

memory constraints may counteract the screening approach as applied by the AUDIT-C. 

The assumption that schemas represent an under-estimate of someone’s true alcohol use is 

supported by studies showing that shorter reference periods yield higher estimates [25, 66-70]. 
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For shorter time spans, remembering the actual frequency and quantity of alcohol consumed 

may be easier to accomplish. In the same vein, attempts have been made to correct survey 

estimates of average alcohol consumption using the amount of alcohol consumed on the day 

before the assessment, a technique referred to as “Yesterday Method” [71]. 

One important property of cognitive schemas is that they are applied and updated in comparison 

with new experiences [64]. Becoming aware of a discrepancy between the schema of typical 

alcohol use and episodic memories of alcohol use in the recent past may be such an experience. 

For the assessment of alcohol use, it is well established that preceding questions can shape 

response behavior in subsequent ones [24, 72, 73]. Therefore, prompting respondents to recall 

their alcohol use in the past week prior to screening might be able to reduce underreporting. 

Respondents might revise their initial estimate of typical drinking frequency and quantity upon 

noticing that their alcohol use in the past week does not match their estimated average. 

 

1.5.  Aims 

This cumulative dissertation includes three papers, published in peer-reviewed journals. 

 

In the first paper, changes in drinking patterns over the course of four weeks were investigated: 

Staudt A, Freyer-Adam J, Meyer C, John U, Baumann S. Short-term stability of different 

drinking patterns over the course of four weeks among adults. A latent transition analysis. 

Drug and Alcohol Dependence. 2018; 191: 181-186. doi: 10.1016/j.drugalcdep.2018.06.031 

 

In the second paper, (i) changes in screening results for at-risk alcohol use over the course of 

12 months were investigated as well as (ii) factors that predict a transition from low-risk to at-

risk alcohol use: 

Staudt A, Freyer-Adam J, John U, Meyer C, Baumann S. Stability of at-risk alcohol use 

screening results in a general population sample. Alcoholism: Clinical and Experimental 

Research. 2020; 44(6): 1312-1320. doi: 10.1111/acer.14340 

 

In the third paper, it was tested if underreporting can be reduced by prompting respondents to 

recall their alcohol use in the past week prior to screening: 

Staudt A, Freyer-Adam J, Meyer C, Bischof G, John U, Baumann S. Does prior recall of 

past week alcohol use affect screening results for at-risk drinking? Findings from a 

randomized study. PLoS One. 2019; 14(6): e0217595. doi: 10.1371/journal.pone.0217595 
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2. METHODS 

 

2.1.  Study designs 

Data for the first paper come from the longitudinal study “Identification of subpopulations with 

different trajectories of health-risk behaviors” (iGES). The second and third paper are part of 

the randomized controlled trial “Testing a PRoactive expert system INTervention to prevent 

and to quit at-risk alcohol use” (PRINT, German Clinical Trials Register: DRKS00014274, date 

of registration: 2018/03/12) [74]. The ethics committee of the University Medicine Greifswald 

approved iGES (protocol number: BB 098/17) and PRINT (protocol number: BB 147/15).  

For both studies, participants were proactively recruited in the waiting area of the municipal 

registry office in Greifswald, Mecklenburg-Western Pomerania. The registry office in Germany 

is the public authority responsible for registration, passport and vehicle admission issues. 

During opening hours, study assistants approached all clients who appeared in the waiting area. 

Persons who were underage, cognitively or physically incapable, had insufficient language or 

reading skills, had already been approached during an earlier visit, were employed at the 

conducting research institute, or were only escorting another registry office client were 

excluded. For PRINT, clients who were 65 years and older were also excluded. 

 

iGES  

Recruitment for iGES took five days in July and August 2017. After assessing eligibility, 

registry office clients were asked to participate in a longitudinal study on health behaviors. 

Those who agreed answered a tablet-based, self-administered questionnaire. Participants were 

followed up three times at weekly intervals. For this purpose, study assistants conducted 

computer-assisted telephone interviews. All participants provided written informed consent and 

received up to four vouchers worth five euros each for every completed assessment. 

 

PRINT  

Recruitment for PRINT lasted nine weeks from April to June 2018. The PRINT recruitment 

strategy was two-staged. As a first step, study assistants assessed eligibility and asked eligible 

registry office clients to participate in a short study on health behaviors (comparable to iGES). 

Clients received the tablet-based, self-administered questionnaire and recorded their informed 

consent electronically on the tablet computers. Completion of the baseline assessment lasted 

five to ten minutes. As a second step, respondents who reported any alcohol use in the past 12 

months received comprehensive information about procedure, purpose and design of the PRINT 
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study. Those who did not consume any alcohol in the past 12 months were thanked for their 

participation and dismissed. Those who agreed to participate in the PRINT trial provided written 

informed consent and personal data. Persons who had no permanent address or phone number 

were excluded. PRINT participants were randomized to receiving a computer-based brief 

alcohol intervention or assessment-only (1:1 group allocation ratio with individuals as units of 

randomization). The randomization was carried out by a software on the tablet computers. Trial 

participants were blinded to their group affiliation until they received the intervention or not. 

Study assistants, who were blinded to the PRINT participants’ group allocation, conducted 

computer-assisted telephone interviews 3, 6 and 12 months after the baseline assessment. 

Follow-up assessments were conducted from July to September 2018 (month 3), from October 

2018 to January 2019 (month 6) and from April to July 2019 (month 12). If ten attempts to 

contact a participant by telephone failed, questionnaires were sent out by e-mail or mail. PRINT 

participants received two vouchers worth five euros each: one was given out during recruitment 

and the other was sent per mail prior to the 12-month follow-up assessment.  

In addition, respondents to the baseline assessment2 for the PRINT trial were randomized to one 

of two experimental conditions relevant for the third paper. The only difference was the order 

of two alcohol measures within the assessment. One condition was prompted to recall their 

alcohol use of the past week3 before being screened for at-risk alcohol use (Screening for at-

risk alcohol use with prior past week recall). The other condition was first screened for at-risk 

alcohol use and then prompted to recall their alcohol use of the past week2 (Screening for at-

risk alcohol use without prior past week recall). Respondents were unaware that an 

experimental manipulation of item order took place. It is important to note that this procedure 

was independent of participation and group assignment (brief alcohol intervention or 

assessment-only) in the PRINT trial, which happened after completion of the baseline survey. 

 

2.2.  Study samples 

Paper 1: During the recruitment for iGES, the longitudinal study on health-risk behaviors, 1,113 

clients appeared in the registry office waiting area (Figure 1). Among them, 305 did not meet 

inclusion criteria (age under 18, cognitively or physically incapable, insufficient language or 

reading skills, persons already approached during an earlier visit, employees of the conducting 

 
2 This was the initial tablet-based survey conducted in the waiting area of the registry office. 

3 Respondents were asked seven questions covering each day of the past week: “Please indicate 

the number of alcoholic drinks you had yesterday / the day before yesterday / Saturday / etc.”   
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research institute, escorting persons), 323 declined to participate and 62 could not be 

approached because their waiting time was too short. Thus, 423 (52% of all eligible registry 

office clients) participated in the study. The final sample comprised 288 participants who 

reported to consume alcohol at least once per month. Among them, 198 (69%) were reached 

for the first, 201 (70%) for the second, and 198 (69%) for the third follow-up. Complete 

participation in all follow-ups was achieved for 156 (54%) participants. 

 

Figure 1: Flow of participants for the first paper 

 

 

Paper 2: During the recruitment for PRINT, the randomized controlled trial testing a computer-

based brief alcohol intervention, 6,645 clients appeared in the registry office waiting area 

(Figure 2). Among them, 2,679 did not meet inclusion criteria (age under 18 or 65 and older, 

cognitively or physically incapable, insufficient language or reading skills, persons already 

approached during an earlier visit, employees of the conducting research institute, escorting 

persons), 879 declined to participate and 140 could not be approached because their waiting 

time was too short. Thus, 2,947 (74% of all eligible clients) were asked during the baseline 

assessment if they had consumed alcohol in the past 12 months (i.e. screening for alcohol use 

in the past 12 months). Among them, 484 did not meet inclusion criteria for the PRINT trial (no 

alcohol use in the past 12 months, no permanent address or phone number), 601 declined to 
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participate and 216 could not be invited to the PRINT trial because their waiting time was too 

short. In sum, 1,646 (67% of all eligible persons) consented to participate in the PRINT trial, 

whereas 831 assessment-only control group participants comprised the sample for the second 

paper. Among them, 715 (86%) were reached for the first, 687 (83%) for the second, and 676 

(81%) for the third follow-up. Complete participation was achieved for 614 participants (74%). 

 

Figure 2: Flow of participants for the second paper 

 

 

Paper 3: The initial flow of participants was similar to the second paper (Figure 3), meaning 

that 2,947 (74% of all eligible clients) completed the screening for alcohol use in the past 12 

months. Among the 2,555 respondents who had consumed alcohol during the past 12 months, 

1,297 were randomized to Screening for at-risk alcohol use with prior past week recall and 
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1,258 to Screening for at-risk alcohol use without prior past week recall. An overall of 176 

respondents were excluded because they did not complete the survey due to their waiting time 

being too short (n = 119), because they indicated current alcohol abstinence in the screening, 

which led to skipping all remaining alcohol questions (n = 55), or because they provided highly 

inconsistent answers (n = 2). Thus, data from 2,379 individuals were included in the analysis. 

 

Figure 3: Flow of participants for the third paper 

 

 

2.3.  Measures 

Alcohol-use variables 

Whenever respondents were inquired about their alcohol use, information about the size of an 

alcoholic standard drink was provided, defined as 0.25-0.3l beer, 0.1-0.15l wine or sparkling 

wine or 4cl spirits or liquor. This information was either displayed as a note on the tablet 

computer screen or read aloud by study assistants during the telephone interviews. 

All respondents were asked to indicate the number of drinks containing alcohol they had in the 

past week (starting from yesterday) using Timeline Follow-Back [75]. For the first paper, 

drinking patterns were based on the information provided to the Timeline Follow-Back. Three 

indicators of past week alcohol use were derived for this purpose: the total number of drinks 
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consumed in the past week, the number of drinking days and the number of days with heavy 

episodic drinking, i.e. four or more alcoholic drinks for women and five or more for men [5]. 

For the second paper, two binary variables were formed and used as predictors: drinking days 

(less than two days / two days or more) and heavy episodic drinking in the past week (no / yes).  

The Alcohol Use Disorders Identification Test - Consumption [AUDIT-C; 9, 10] was used as 

screening measure for at-risk alcohol use for the second and third paper. The AUDIT-C includes 

three items asking for the frequency of alcohol use, the typical quantity when alcohol is 

consumed and the frequency of heavy episodic drinking. The current thresholds for heavy 

episodic drinking were applied (see above) [5]. Respondent’s disclosures were merged into a 

sum score whereas values of ≥ 4 for women and ≥ 5 for men indicated at-risk alcohol use [76].  

For the second paper, individual risk status trajectories were determined based on AUDIT-C 

screening results over time. Individuals were assigned a stable trajectory when they revealed 

the same risk status (low-risk or at-risk alcohol use) in all repeated measurements. When there 

was one change (from low-risk to at-risk alcohol use or vice versa) over time, an individual’s 

risk status changed once. When there was more than one change, the risk status was fluctuating. 

Those who did not complete any follow-up assessment were coded as lost to all follow-ups. 

 

Covariates 

In iGES and PRINT, gender, age and school education were assessed at baseline. Employment 

status, university student status and relationship status were only inquired in the PRINT baseline 

assessment. Based on their highest general educational degree, individuals were categorized as 

either having 9 or less, 10 to 11, or 12 or more years of school education. Employment status 

included full-time employment, part-time employment, education (still going to school or 

university, retraining), current unemployment as well as other (retiree, homemaker, or similar). 

Individuals were asked if they were currently enrolled at a university (no / yes). Relationship 

status included being married / living in a partnership or not. 

In order to avoid small cell sizes in the joint distribution, age was collapsed into a categorical 

variable (18 to 29, 30 to 45 and 46 to 64 years) for data analysis in the second and third paper. 

Regarding the second paper, the same was necessary for employment status that was reduced 

to two categories (full- or part-time employed / currently not employed). 
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2.4.  Statistical analyses 

Statistical analyses were carried out using Stata 14 [77], Mplus Version 7 [78] and RStudio 

[79]. Table 1 provides an overview of the methodological characteristics for the three papers. 

Main analyses were conducted using maximum likelihood estimation. There was no missing 

data at baseline because the tablet computers did not allow for skipping items without providing 

an answer. Missing values in the follow-up assessments were handled using full-information 

maximum likelihood estimation that takes all available data into account (Paper 1) or casewise 

deletion if participants were lost to all follow-up assessments (Paper 2). 

 

Table 1: Methodological characteristics of the three underlying papers 

 Paper 1 Paper 2 Paper 3 

Study aim How stable are  

drinking patterns  

within four weeks? 

How do screening results 

for at-risk alcohol use 

change within 12 months? 

Can underreporting be 

reduced by prior recall of 

past week alcohol use? 

Study design Observational, 

longitudinal 

Observational, 

longitudinal 

Experimental, 

cross-sectional 

Main analysis Latent transition 

analysis 

Binary logistic regression analysis 

Outcome Transitions between 

drinking patterns 

Transition from low-risk 

to at-risk alcohol use 

At-risk alcohol use 

(AUDIT-C screening) 

Independent 

variables 

Gender, age Socio-demographics, past 

week alcohol use 

Socio-demographics, 

experimental condition 

Results  

given as 

Latent transition 

probabilities 

Odds Ratios (OR) with  

95% Confidence Intervals (95% CI) 

Analysis focus Person-centered Variable-centered Variable-centered 

 

Paper 1: To determine the stability of drinking patterns, data were analyzed in two steps. First, 

drinking patterns were identified using latent profile analysis, which extracts unobserved 

subgroups from a population based on manifest indicators. The only difference between latent 

profile and latent class analysis is that means are estimated instead of thresholds to differentiate 

latent subgroups. Baseline data were used to determine how many drinking patterns represent 
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the heterogeneity in the study population best (left part of Figure 4). The total number of drinks 

consumed in the past week, the number of drinking days and the number of days with heavy 

episodic drinking were used as manifest indicators. This decision on the optimal number of 

latent profiles was grounded on the adjusted Bayesian Information Criterion [BIC; 80], the 

Akaike Information Criterion [AIC; 81], a bootstrapped likelihood-ratio test [BLRT; 82], class 

sizes as well as meaningful- and distinctiveness of latent profiles. Further latent profile analyses 

using cross-sectional data from each follow-up week (right part of Figure 4) were conducted to 

determine if the baseline solution was applicable to each follow-up week. 

The second step was modeling changes using latent transition analysis [83]. The estimation of 

latent transition probabilities provided the possibility to evaluate the stability of drinking 

patterns. These parameters give the probability of changing latent profile membership from one 

measurement occasion to the next. For this purpose, indicator means were constrained to be 

equal across weeks, i.e. latent profiles were assumed invariant over time. Thus, retaining one 

latent profile could be interpreted as stability and transitioning from one profile to another as 

change in an individual’s drinking pattern. The latent transition model is depicted in Figure 4. 

Paper 2: To investigate changes in screening results for at-risk alcohol use, proportions of risk 

status trajectories (stable, changed once, fluctuating, and lost to all follow-ups) were analyzed 

descriptively and graphically using the R package LongCatPlot [84]. To predict the transition 

from low-risk to at-risk alcohol use, a binary logistic regression model was calculated. The 

outcome was at-risk alcohol use at any follow-up assessment, predicted by gender, age, school 

education, employment status, university student status as well as drinking days and heavy 

episodic drinking in the week prior to baseline. For this logistic regression, at-risk alcohol users 

at baseline (n = 291) and those lost to all follow-up assessments (n = 49) had to be excluded, 

leaving a restricted sample of 491 baseline low-risk alcohol users for the regression. 

Paper 3: To test if the prompt to recall alcohol use in the past week prior to screening reduces 

underreporting, five binary logistic regression models were calculated. The outcome was at-

risk alcohol use according to the AUDIT-C. The first model was unadjusted with experimental 

condition (0 = Screening for at-risk alcohol use without prior past week recall, 1 = Screening 

for at-risk alcohol use with prior past week recall) as the only predictor. In the second model, 

gender, age, school education, relationship and smoking status were added (adjusted model). 

Subsequently, potential interaction effects between the experimental manipulation and gender, 

age and school education were explored by adding respective interaction terms. Separate 

regression models were calculated for every potential interaction effect.
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Figure 4: Latent transition analysis modeling the stability of drinking patterns over four consecutive weeks 

 

Note. Manifest indicators for latent profile analyses in weeks 2 to 4 are analogous to baseline and therefore omitted.  

The latent profile analysis using baseline data and the full latent transition model were adjusted for gender and age. 



18 
 

3. RESULTS 

 

3.1.  Characteristics of study samples 

Sample characteristics are detailed in Table 2. 

 

Table 2: Characteristics of study samples 

 Paper 1 Paper 2 Paper 3 

Origin of sample iGES PRINT control 

group 

PRINT baseline 

assessment 

Sample size n = 288 n = 831 n = 2,379 

Women, n (%) 141 (49%) 460 (55%) 1,292 (54%) 

Age, M (SD) 33.1 (12.8) 30.8 (10.8) 31.8 (11.4) 

Age groups, n (%) 

18 to 29 years 

30 to 45 years 

46 to 64 years 

65 years and older 

 

149 (52%) 

89 (31%) 

43 (15%) 

7 (2%) 

 

478 (58%) 

246 (30%) 

107 (13%) 

- 

 

1,290 (54%) 

732 (31%) 

357 (15%) 

- 

School education, n (%) 

9 or less years 

10 to 11 years 

12 or more years 

 

20 (7%) 

78 (27%) 

189 (66%) 

 

49 (6%) 

225 (27%) 

557 (67%) 

 

155 (7%) 

742 (31%) 

1,482 (62%) 

In a relationship, n (%) not assessed 533 (64%) 1,542 (65%) 

Full- or part-time employed, n (%) not assessed 525 (63%) 1,506 (63%) 

University students, n (%) not assessed 299 (36%) 800 (34%) 

Note. For the PRINT trial, age of 65 years and older was an exclusion criterion. 



19 
 

3.2.  Paper 1: How stable are drinking patterns within four weeks? 

On average, participants consumed between six and seven alcoholic drinks per week over the 

study period, on 2.2 to 2.5 days whereas the average frequency of heavy episodic drinking 

ranged between 0.3 and 0.5 days per week (Table 3). 

 

Table 3: Indicators of drinking patterns 

 Baseline week Week 2 Week 3 Week 4 

 n = 288 n = 198 n = 201 n = 198 

Total number of 

alcoholic drinks 
6.0 (6.9) 6.2 (7.1) 7.1 (10.4) 7.2 (11.6) 

Drinking days 2.5 (1.9) 2.2 (1.8) 2.3 (2.0) 2.2 (2.1) 

Days with heavy 

episodic drinking 
0.3 (0.7) 0.4 (0.8) 0.5 (1.1) 0.4 (0.8) 

Note. All cells are M (SD). 

 

Regarding the optimal number of latent drinking patterns, information criteria and the 

bootstrapped likelihood ratio test suggested 4- or 5-profile solutions. However, the 3-profile 

solution was the one with the highest number of latent profiles that still yielded reasonable 

profile sizes. Light drinkers (77%) consumed on average 3.5 drinks, on 2.2 drinking days and 

had 0 days with heavy episodic drinking. Moderate drinkers (18%) consumed on average 10.7 

drinks, on 2.9 drinking days and reported 1.1 days with heavy episodic drinking. Heavy drinkers 

(5%) consumed on average 29.2 drinks, on 5.4 drinking days with 2.5 days with heavy episodic 

drinking. Separate latent profile analyses revealed similar solutions for Weeks 2 to 4. Therefore, 

invariant latent profiles were assumed for the latent transition analysis.  

Retaining the current drinking pattern yielded the highest probabilities (Figure 5: diagonal cells 

from top left to bottom right). Baseline moderate drinkers were the only exception as they were 

more likely to transition to light drinking (47%) in Week 2 compared to remaining moderate 

drinkers (38%). The change from light to heavy drinking was most unlikely. Probabilities for 

the opposite transition from heavy to light drinking ranged between 22 and 27 percent. If 

drinking patterns were assigned according to the highest latent profile membership probability, 

102 participants (35%) changed their drinking pattern at least once. Transitions were most likely 

for baseline moderate drinkers (49 out of 52; 94%). This share amounted to 43 percent (6 out 

of 14) for baseline heavy drinkers and 21 percent (47 out of 222) for baseline light drinkers. 
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Figure 5: Latent transition probabilities 

 

Note. Every latent transition probability describes the probability of profile membership in 

Week T (columns) given profile membership in Week T-1 (rows). Probabilities in each row  

sum up to 1. Darker shadings indicate higher probabilities. 

 

To sum up, the stability of drinking patterns over four weeks depended on the drinking pattern 

considered. Light drinking was the most stable drinking pattern with only few transitions to 

moderate or heavy drinking. Transitions in general were more likely for moderate and heavy 

drinkers. Moreover, reductions over time, i.e. transitioning from moderate to light or from 

heavy to moderate or light drinking, were more likely than increases. 
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3.3.  Paper 2: How do screening results for at-risk alcohol use change within 12 months? 

Among all participants (n = 831), 291 (35%) were considered at-risk alcohol users according 

to the baseline screening. The upper part of Table 4 outlines the marginal percentages of low-

risk and at-risk alcohol users at month 3, 6 and 12, for the overall sample and broken down by 

the respective risk status at baseline. Among 540 low-risk alcohol users at baseline, 378 (70%) 

remained low-risk alcohol users (lower part of Table 4 and Figure 6), while 113 (21%) reported 

at-risk alcohol use at least once during the study period. Among 291 at-risk alcohol users at 

baseline, 131 (45%) remained at-risk alcohol users, while 138 (47%) reported low-risk alcohol 

use at least once during the study period (lower part of Table 4 and Figure 6). 

 

Table 4: Stability of screening results for at-risk alcohol use over 12 months 

 Month 3 Month 6 Month 12 

 Low-risk At-risk Low-risk At-risk Low-risk At-risk 

Baseline low-risk 

alcohol users 
396 (86%) 64 (14%) 404 (89%) 48 (11%) 396 (89%) 47 (11%) 

Baseline at-risk 

alcohol users 
73 (29%) 182 (71%) 84 (36%) 151 (64%) 86 (37%) 147 (63%) 

Overall 469 (66%) 246 (34%) 488 (71%) 199 (29%) 482 (71%) 194 (29%) 

 Risk status trajectories 

 Stable Changed once Fluctuating Lost to all FUs 

Baseline low-risk 

alcohol users 
378 (70%) 45 (8%) 68 (13%) 49 (9%) 

Baseline at-risk 

alcohol users 
131 (45%) 71 (24%) 67 (23%) 22 (8%) 

Overall 509 (61%) 116 (14%) 135 (16%) 71 (9%) 

Note. All cells are n (%). FUs = follow-up assessments. The sample sizes are n = 540 baseline 

low-risk alcohol users and n = 291 baseline at-risk alcohol users.
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Figure 6: Screening results for at-risk alcohol use over time 

  

Note. Every participant is represented by one horizontal line that is divided into four subsections. These correspond to screening result  

at baseline, month 3, 6 and 12 (from left to right). Each vertical black line represents one assessment. The baseline section is narrowed.  

The different risk states are represented by different colors (low-risk = yellow / at-risk = red). White segments indicate missing values. 
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The logistic regression model revealed that the transition from low-risk alcohol use at baseline 

to at-risk alcohol use at any follow-up assessment was significantly predicted by gender, age, 

and alcohol use in the week prior to the baseline assessment (Table 5). 

 

Table 5: Logistic regression model predicting the transition from low-risk to at-risk alcohol use 

 
Constant low-

risk alcohol use 

Transition to at-

risk alcohol use 
OR 95% CI p-value 

Gender 

Men 

Women 

 

183 (80%) 

195 (75%) 

 

47 (20%) 

66 (25%) 

 

1.00 

1.66 

 

 

1.04-2.64 

 

 

.033 

Age  

18 to 29 years 

30 to 45 years 

46 to 64 years 

 

191 (72%) 

130 (86%) 

57 (75%) 

 

73 (28%) 

21 (14%) 

19 (25%) 

 

2.30 

1.00 

1.72 

 

1.26-4.20 

 

0.83-3.58 

 

.007 

 

.147 

School education 

9 or less years 

10 to 11 years 

12 or more years 

 

18 (75%) 

112 (78%) 

248 (77%) 

 

6 (25%) 

31 (22%) 

76 (23%) 

 

1.00 

1.05 

1.05 

 

 

0.36-3.07 

0.37-2.99 

 

 

.930 

.924 

Employment status 

Currently not employed 

Currently employed 

 

125 (73%) 

253 (79%) 

 

47 (27%) 

66 (21%) 

 

1.00 

0.71 

 

 

0.43-1.19 

 

 

.192 

University student status 

Currently not enrolled 

Currently enrolled 

 

257 (77%) 

121 (76%) 

 

75 (23%) 

38 (24%) 

 

1.00 

0.70 

 

 

0.39-1.27 

 

 

.245 

Drinking days in the past week     

Less than two days 

Two or more days 

229 (85%) 

149 (67%) 

40 (15%) 

73 (33%) 

1.00 

3.11 

 

1.93-5.01 

 

< .001 

Heavy episodic drinking in the past week 

No heavy episodic drinking 

Heavy episodic drinking 

361 (79%) 

17 (53%) 

98 (21%) 

15 (47%) 

1.00 

2.35 

 

1.06-5.20 

 

.036 

Note. n = 491 for this regression model.  
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Women had 1.7-fold (vs. men; OR = 1.66; 95% CI = 1.04-2.64) and participants aged between 

18 and 29 years 2.3-fold odds (vs. participants aged between 30 and 45 years; OR = 2.30; 95% 

CI = 1.26-4.20) for the transition from low-risk to at-risk alcohol use. Reporting two or more 

drinking days (vs. less than two; OR = 3.11; 95% CI = 1.93-5.01) and heavy episodic drinking 

(vs. no heavy episodic drinking; OR = 2.35; 95% CI = 1.06-5.20) in the past week more than 

doubled the odds for the transition to at-risk alcohol use, respectively. 

Taken together, the second paper revealed three main findings. First, 30 percent of alcohol users 

revealed changes in their screening results when the screening for at-risk alcohol use was 

conducted four times within 12 months. Second, fluctuating risk status trajectories were observed 

more frequently among baseline at-risk alcohol users compared to baseline low-risk alcohol 

users. Third, the transition from low-risk alcohol use to at-risk alcohol use was more likely for 

women compared to men, young adults (18 to 29 years) compared to adults in their thirties and 

mid-forties (30 to 45 years), and those with two or more drinking days or heavy episodic drinking 

in the week prior to the baseline screening. 

 

3.4.  Paper 3: Can underreporting be reduced by prior recall of past week alcohol use? 

Among all participants (n = 2,379), 846 (36%) reported at-risk alcohol use. Participants who 

were randomized to Screening for at-risk alcohol use with prior past week recall (402 out of 

1,198; 34%) were significantly less likely to report at-risk alcohol use in the screening (χ²(1) = 

4.2; p = .040) compared to participants who were randomized to Screening for at-risk alcohol 

use without prior past week recall (444 out of 1,181; 38%). Simultaneously, participants 

randomized to Screening for at-risk alcohol use with prior past week recall (M = 5.6; SD = 7.5; 

Median = 3) reported a significantly higher number of alcoholic drinks consumed in the past 

week (z = -5.7; p < .001) compared to those randomized to Screening for at-risk alcohol use 

without prior past week recall (M = 4.4; SD = 6.9; Median = 2).  

In the multivariate analyses, participants who were randomized to Screening for at-risk alcohol 

use with prior past week recall had lower odds of being classified as at-risk alcohol users 

according to screening. The experimental condition was a significant predictor in the unadjusted 

(OR = 0.84; 95% CI = 0.71-0.99) as well as in the adjusted model (OR = 0.83; 95% CI = 0.70-

0.99). This main effect was neither moderated by gender (p = .977), nor age (p = .603 and p = 

.081), nor school education (p = .613 and p = .796).  
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4. DISCUSSION 

 

4.1.  Main findings 

This thesis revealed three main findings. First, one in three alcohol users changed their 

consumption over time. This finding emerged in two longitudinal studies that investigated 

changes in drinking patterns over four weeks and changes in screening results for at-risk alcohol 

use over 12 months. Second, the likelihood of changes depended on the individual level of 

drinking at study entry. Changes were more likely for moderate and heavy drinkers as well as 

for at-risk alcohol users compared to light drinkers and low-risk alcohol users, respectively. 

Third, survey respondents who were prompted to recall their alcohol use in the past week prior 

to screening were less likely to report at-risk alcohol use compared to when the screening was 

conducted without prior prompt. 

 

Stability of alcohol use over time 

Light drinking emerged as the most stable and moderate drinking as the most unstable drinking 

pattern over four weeks. Retaining the current drinking pattern from one week to the next was 

most likely. However, one in three alcohol users changed their drinking pattern at least once. 

Transitions from moderate to light and from heavy to moderate or light drinking were more 

likely than transitions from moderate to heavy and from light to moderate or heavy drinking. 

Regarding changes in screening results, one in five low-risk alcohol users transitioned to at-risk 

alcohol use sometime in the following 12 months. Among at-risk alcohol users, approximately 

half transitioned to low-risk alcohol use during that period. In some cases, these transitions were 

only temporary, indicating fluctuating alcohol use over time. Although the majority retained their 

drinking pattern or screening result, these findings set a challenge to screening that is commonly 

based on a single assessment of typical alcohol use. It may be particularly difficult for those who 

consume alcohol with varying frequency and intensity over time to indicate their typical alcohol 

use. According to this thesis, this may affect every third alcohol user. 

Previous longitudinal studies have also shown that a certain proportion of people changed their 

alcohol use over time [31-35, 37, 54, 55, 85]. However, this proportion varied considerably 

between studies, ranging from eight [34] to 45 percent [35], probably due to the heterogeneity 

of study populations, durations between measurements, and operationalization of alcohol use. In 

the past, fluctuating alcohol use over time has been found to be more prevalent among those 

individuals with high compared to low alcohol use [35, 37, 54, 85], which is consistent with the 
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findings presented above. Hence, people who report moderate or heavy alcohol use might be 

prone to alter their alcohol consumption from time to time. 

In this thesis, reductions in alcohol use over time were observed more frequently than increases, 

which is in line with previous findings [34, 35, 37, 54, 85]. However, it seems premature to 

conclude that the observed developments reflect permanently decreasing alcohol use. Rather, 

research participation effects [86] have to be considered. Asking people repeatedly for their 

alcohol use might have the effect that they pay more attention to their own drinking behavior. 

This might trigger behavior change in a desired direction, i.e. drinking less alcohol [87]. For 

instance, control group participants of randomized controlled trials, who received repeated 

assessments only without any active intervention, have been found to lower their alcohol use 

over the course of the respective study period [88, 89]. 

 

Factors that may influence alcohol use trajectories over time 

The likelihood of changes of alcohol use over time depended on the individual level of drinking 

at study entry. Beyond that, the probability to transition from low-risk to at-risk alcohol use was 

increased for women, younger adults, and those who reported two or more drinking days or 

heavy episodic drinking in the week prior to the first screening. 

The finding that women were more likely than men to transition from low-risk to at-risk alcohol 

use is in contrast to Saitz et al. [54] and Lapham et al. [55] who reported higher probabilities for 

men. Considering that other studies also showed that men were more likely than women to 

increase their alcohol use over time [31, 33-35], the gender effect found in this thesis appears 

somewhat surprising. However, the decision for gender-specific AUDIT-C cut-off values [76] 

might be accountable for this finding. The same increase in alcohol consumption may have led 

to women, but not men, exceeding the AUDIT-C threshold for at-risk alcohol use. 

In line with the studies by Saitz et al. [54] and Lapham et al. [55], young adults under 30 years 

of age were more likely to transition from low-risk to at-risk alcohol use compared to adults in 

their thirties and mid-forties. Early adulthood can be regarded as a special period where life 

circumstances or leisure time activities may be more diverse and change more frequently 

compared to mid-adulthood, probably also affecting the decision to consume alcohol. Younger 

adults may be susceptible to social influences that trigger at-risk alcohol use, not least due to the 

prevalence of permissive social norms towards alcohol consumption in this group [90]. 

Reporting two or more drinking days (compared to less than two drinking days) and heavy 

episodic drinking (compared to no heavy episodic drinking) in the week prior to the first 
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screening were the strongest predictors for a transition from low-risk to at-risk alcohol use. 

Recall of past week alcohol use may be less biased than for longer recall periods that reach 

further back in time [24]. Although self-reported consumption for different time frames represent 

different aspects of alcohol use, comparisons may yield informative discrepancies. Some of them 

are striking, such as reporting a typical drinking frequency of ‘2 to 4 times per month’ on the 

first AUDIT-C question and two or more drinking days in the past week. This may indicate either 

(i) that the past week was an atypical week with regard to alcohol use; or (ii) the beginning of an 

increase in alcohol use that is not covered by the AUDIT-C questions; or (iii) underreporting of 

alcohol use on the AUDIT-C questions. In the two latter cases, re-screening might reveal at-risk 

alcohol use at a later point in time. 

 

The effect of prior recall of past week alcohol use on the screening for at-risk alcohol use 

The prompt to recall alcohol use of the past week prior to screening led to a lower percentage of 

at-risk alcohol users in the following screening measure, compared to when the screening was 

carried out without prior prompt. Therefore, the hypothesis that underreporting can be reduced 

by prompting respondents to recall their alcohol use in the past week has to be rejected. Rather, 

the presented evidence indicates that this procedure might even amplify underreporting. 

There are three alternative explanations for this unexpected result. First, it might be possible that 

respondents remained unaware of the inconsistency in their disclosures, even though the 

questions were administered consecutively; and even though considerably more alcohol was 

consumed in the past week than would be expected if the past week had been a typical week 

(data not shown). However, the study design does not allow conclusions about the underlying 

cognitive processes. Second, respondents who engage infrequently in heavy episodic drinking 

might have underestimated their true frequency of heavy episodic drinking, as the past week 

most likely did not include such an episode. Underreporting has been shown to be particularly 

pronounced among individuals who engage infrequently in heavy episodic drinking [18]. Those 

who reported that heavy drinking episodes occur less than once per month constituted the 

majority, making up 68 percent of the study sample. Third, and maybe the most likely 

explanation, consecutive alcohol questionnaires within one survey may have enhanced bias in 

respondents’ disclosures. As social desirable responding depends on the perceived context [22], 

placing emphasis on alcohol use by administering multiple related questionnaires might have 

triggered underreporting. In this context, the AUDIT-C might have been used to downplay high 

alcohol intake in the past week by demonstrating that the past week was no typical week. This 

assumption is supported by the finding that significantly fewer alcoholic drinks were reported 
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for the past week when the past week recall happened after the screening for at-risk alcohol use, 

compared to when it happened prior to screening. 

 

4.2.  Implications for the practice of screening for at-risk alcohol use 

The first and second paper support the idea of selective re-screening for low-risk alcohol users 

who may be likely to transition to at-risk alcohol use in the near future. The third paper suggests 

that consecutive alcohol measures within one survey may be a potential source of bias.  

 

4.2.1.  The effect of fluctuating alcohol use 

In order to reduce the burden of disease attributable to alcohol, reliable and valid screening 

methods are essential [7, 8]. Changes in alcohol consumption over time, which were found in 

one in three alcohol users in this thesis, might conflict with the aim of assessing typical drinking 

behavior as intended by the AUDIT-C. It seems questionable whether the assessment of typical 

drinking can adequately capture the risk for consequences associated with fluctuating alcohol 

use over time. Temporal patterns are important to consider because special high-risk occasions 

or time periods may be missed if the focus lies on overall average consumption. For instance, 

episodes of heavy drinking have been shown to harm the cardiovascular system [91] and lead to 

injuries and accidents [92]. As most people do not drink such amounts of alcohol on a regular 

basis, the meaning and actual frequency of these episodes may be underestimated.  

This thesis suggests that it may be worthwhile to repeat screening from time to time to buffer 

temporal fluctuations. The finding that 30 percent of alcohol users reported both, periods of low-

risk and at-risk alcohol use within one year may imply screening intervals of 12 months or less. 

However, rolling out annual screening for everyone may not be useful since the majority 

maintained their level of consumption. Moreover, resources in practice are limited [53]. 

As an alternative, the idea of selective re-screening is supported, i.e. repeated screening only for 

individuals who may be likely to increase their alcohol use over time. The second paper pointed 

to potentially relevant characteristics in this context: high consumption in the lead-up to a 

screening that nevertheless resulted in someone being classified as low-risk alcohol user; 

younger adult age (i.e. below the age of 30); and female gender, whereas it must be kept in mind 

that the gender effect might be attributable to methodological characteristics (see above). 

Additionally, there might be two positive side effects of selective re-screening. 

On the one hand, it might prevent false reassurance. Individuals classified as low-risk alcohol 

users according to screening might tend to believe that they are less likely to experience alcohol-
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related consequences and make less effort to keep their consumption at low levels [93], even 

though some may be on the verge to at-risk alcohol use. This seems particularly relevant since 

recent evidence suggested that there may be no safe limits of alcohol consumption [50]. On the 

other hand, repeated screening might prevent some individuals from increasing their alcohol use 

over time. The mere measurement effect describes the phenomenon that asking questions about 

a specific behavior can initiate subsequent behavior change [94]. Regarding alcohol use, this has 

been demonstrated in control groups of randomized controlled trials, who reduced their alcohol 

use after having been surveyed multiple times [88, 89]. While the expected effect at the 

individual level might be small [94], there might be a considerable effect at the population level 

if alcohol users are encouraged to reflect on their consumption regularly. 

To what extent selective re-screening may be integrated into practice should be based on 

thorough cost-benefit considerations, taking into account prevalence and incidence of at-risk 

alcohol use as well as expected effects in different subgroups [e.g. 7]. Potential pitfalls should 

also be considered, for instance that the AUDIT-C screening for at-risk alcohol use becomes less 

sensitive among individuals with repeatedly negative screening results [95]. 

 

4.2.2.  The effect of consecutive alcohol measures in surveys 

This thesis points towards a potential source of error in surveys that include consecutive alcohol 

questionnaires. Underreporting appeared to be more pronounced when respondents were asked 

repeatedly for different aspects of their alcohol use within one survey, adding to the knowledge 

about moderators of underreporting [18, 21, 61]. This led to a lower percentage of at-risk alcohol 

users and to less alcohol consumption reported for the past week, depending on which 

questionnaire was administered second. Future survey designs may consider this effect and base 

decisions regarding the order of instruments in a survey on the relative importance of each 

construct. As the presented findings stem from an anonymous survey, the question arises if the 

effect may also be present in other more health-related and personally relevant, but also more 

judgmental situations such as filling in a questionnaire at the general practitioner. 

 

4.3.  Strengths and limitations 

This thesis adds to the understanding of alcohol use variability over time. The utilization of 

different indicators and time frames complemented previous research and provided insight into 

short-term changes in drinking patterns over four weeks and changes in screening results for at-

risk alcohol use over 12 months. External validity was ensured by two general population 

samples, sufficient participation rates at recruitment and follow-ups, and latent variable 
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modeling. Furthermore, a straightforward experimental design allowed causal inference about 

how consecutive alcohol questionnaires within one survey may affect underreporting. 

Three main limitations have to be acknowledged. First, all data were self-reported. This thesis 

was based on the common assumption that higher reported alcohol use is closer to the true value 

[18, 25]. Second, changes in repeated measurements may also be attributed to insufficient 

reliability of the assessment instruments. In order to make reliable comparisons, measurement 

invariance over time must be established, which has not been investigated for the AUDIT-C yet. 

Third, selection bias has to be assumed. Although the registry office in Germany provides access 

to the general population, people with 12 or more years of school education were over-

represented compared to the German general population [96]. This is probably due to a large 

share of university students [97] among the population in Greifswald [98]. In addition, it is well 

established that people with higher education are more willing to participate in scientific studies 

on health behaviors [99, 100] such as alcohol consumption. 

 

4.4.  Conclusions 

In conclusion, one in three alcohol users changed their consumption over time, probably 

compromising the validity of screening for at-risk alcohol use that is commonly based on a single 

assessment of typical alcohol use. Future studies may aim to understand the role of temporal 

changes and fluctuations in assessing an individual’s risk for alcohol-related harm. The attempt 

to reduce underreporting by a prompt to recall alcohol use in the past week prior to screening 

failed but revealed a potential source of bias in surveys: consecutive questionnaires addressing 

different dimensions of alcohol use within one survey.   
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A B S T R A C T

Objective: The purpose of the present study was to identify drinking patterns and determine their intraindividual

stability over the course of four weeks among a sample of adults from the general population.

Methods: The sample comprised 288 adults who reported drinking alcohol at least once per month (49% female;

mean age= 33.1 years, SD = 12.8 years). Participants were recruited in the waiting area of a local registration

office in northeastern Germany. Data were collected four times over four consecutive weeks by interview (once

in the registration office and thrice by telephone). To assess alcohol consumption in the past seven days, timeline

follow-back questions were administered each time. For data analysis, latent profile and latent transition ana-

lyses were applied. Indicators for latent classes were total number of drinks per seven days, number of drinking

days, and number of days with heavy episodic drinking.

Results: Three classes of seven-day drinking patterns were identified at baseline: (a) light drinkers (77%), (b)

moderate drinkers (18%), and (c) heavy drinkers (5%). Approximately one-fifth (21%) of baseline light drinkers

and 94% of baseline moderate drinkers changed their drinking pattern at least once during the four weeks. The

majority (81%) of baseline moderate drinkers also reported light drinking in at least one of the three subsequent

weeks.

Conclusions: Our findings suggest intraindividual changes in drinking patterns even during a short period of

time. Instability of drinking patterns may potentially impair the assessment of light to moderate alcohol con-

sumption when a quantity-frequency approach is applied.

1. Introduction

Light to moderate alcohol consumption has been found to be po-

tentially associated with a reduced risk of disease, particularly cardio-

vascular disease (Movva and Figueredo, 2013). Epidemiological data

have suggested a J-shaped relationship between alcohol consumption

and all-cause mortality, with light drinkers having a reduced mortality

risk compared to abstainers (Rehm and Patra, 2012). This evidence is

invoked in discussions about low-risk drinking thresholds (Stockwell

and Room, 2012) that have implications for prevention and policy

measures. The J-curve is currently questioned (Stockwell et al., 2016b);

methodological shortcomings have been identified that cast doubt

(Fekjaer, 2013), in particular with respect to the assessment of light to

moderate drinking (Stockwell et al., 2012). Additionally, the widely

used quantity-frequency approach may be flawed in its imprecision

(Stockwell et al., 2016a). For one, the potential instability of drinking

patterns over time has been brought up as a limitation with the notion

that multiple assessments of alcohol consumption, including the fre-

quency of heavy episodic drinking (HED) over time, are required

(Stockwell and Naimi, 2016). HED is commonly defined as drinking

four or more alcoholic drinks on a single occasion for women and five

or more for men (National Institute on Alcohol Abuse and Alcoholism,

2010).

Evidence shows that alcohol consumption varies as a function of

time of the year (Knudsen and Skogen, 2015). Special events (Kushnir

and Cunningham, 2014), holidays (Tremblay et al., 2010) and
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differences between weekdays and weekends (Baumann et al., 2017)

have been investigated as well as long-term developments, for instance

in the stage of emerging adulthood (Lee et al., 2013) or from mid- to

older age (Molander et al., 2010). Little is known about transitions

during short time spans such as within one month. One possible ap-

proach to analyze the potential short-term instability of light to mod-

erate drinking is to study drinking patterns. The concept of drinking

patterns goes “beyond average” alcohol drinking (Stranges et al., 2006)

and typically encompasses quantity and frequency of alcohol con-

sumption as well as the frequency of HED (Lau-Barraco et al., 2016).

Drinking patterns have been identified in a variety of study populations

(Cleveland et al., 2013; Davoren et al., 2016). However, research ad-

dressing the instability of drinking patterns, e.g., of light or moderate

drinking, is scarce, though it seems unlikely that these patterns are

static in nature.

Longitudinal studies on drinking patterns (Lee et al., 2013;

Molander et al., 2010) mostly applied longer time intervals between

measurements such as several months or even years. Short-term var-

iations in alcohol consumption may have been missed. With regard to

screening approaches, some persons with at-risk alcohol use may be

overlooked. Focusing on a short time interval between measurements

may provide the possibility to monitor and track these short-term

variations that may elucidate recall bias in the assessment of alcohol

consumption.

The aim of the present study was to investigate the intraindividual

variability of seven-day drinking patterns over a period of four con-

secutive weeks.

2. Methods

Data were collected as part of a study that was conducted to explore

health risk behavior patterns in an adult population. The ethics com-

mittee of the University Medicine Greifswald approved the study

(protocol number BB 098/17). All participants provided informed

written consent.

2.1. Participant recruitment and study procedure

Over five days in July and August 2017, participants were recruited

at the registration office in Greifswald, Mecklenburg-Western

Pomerania, Germany. The registration office is the public authority for

registration, passport and vehicle admission issues in Germany. During

opening hours, all clients 18 years or older who appeared in the waiting

area were approached by study assistants. Clients who were cognitively

or physically incapable, had insufficient language or reading skills, had

been approached during an earlier visit, or who were employed at the

conducting research institute were excluded. Eligible individuals were

asked to participate in a longitudinal study on health behaviors (fruit

and vegetable intake, physical exercise, alcohol use, and smoking).

Those who agreed to participate in the baseline assessment and three

follow-up assessments received a tablet computer and a brief in-

troduction for the handling of the tablet-based, self-administered

questionnaire. Following the baseline assessment at the registration

office, participants were contacted every week for three consecutive

weeks. At each follow-up, study assistants conducted computer-based

telephone interviews. Participants received a voucher of 5€ for their

participation in the baseline assessment and a voucher of 5€ for each

completed follow-up assessment, respectively.

2.2. Participant flow

Of the 808 clients appearing in the waiting area during our study

period, 423 (52%) participated in the study, 323 (40%) declined par-

ticipation, and 62 (8%) were not approached by study staff due to short

waiting time. Of the 423 baseline participants, 304 (72%) participated

in the first, 294 (70%) in the second, and 286 (68%) in the third follow-

up. Two hundred and twenty-nine (54%) completed all three follow-up

assessments, 74 (18%) completed two follow-up assessments and 45

(11%) completed one follow-up assessment. For the current analysis,

the final sample comprised 288 baseline participants who reported

drinking alcohol at least once per month. Of those, 156 (54%) com-

pleted all follow-up assessments.

2.3. Measures

2.3.1. Seven-day drinking patterns

Participants who reported drinking alcohol at least once per month

received timeline follow-back questions (TLFB; Sobell and Sobell,

1992). At first, participants were informed about standard drinks (i.e.,

the amount of beer, wine or spirits equal to 10 g of pure alcohol) and

were then asked to indicate the number of standard drinks they had on

each of the seven days prior to the interview. The same questions were

presented at baseline and at each follow-up. Based on participants’ re-

sponses to the TLFB items, three indicators of seven-day drinking pat-

terns were calculated: total number of drinks per seven days, number of

days with alcohol use, and number of days with HED. These three in-

dicators were subsequently used for the characterization of seven-day

drinking patterns.

2.3.2. Alcohol Use Disorders Identification Test Consumption (AUDIT-C;

Bush et al., 1998)

The AUDIT-C served as a screening instrument and its score was

used for descriptive purposes. It was administered at baseline only. The

AUDIT-C comprises three items and is a reliable and valid screening

tool to identify at-risk alcohol consumption (score of ≥ 4 for women

and ≥ 5 for men; Reinert and Allen, 2007). The third item was adapted

to the current limits for HED (National Institute on Alcohol Abuse and

Alcoholism, 2010) and asked women for occasions with four or more

alcoholic drinks and men for occasions with five or more alcoholic

drinks.

2.3.3. Sociodemographic variables

Age, gender and educational background were assessed at baseline.

Participants were asked to indicate their highest general educational

degree. To ensure international comparability, the answers were

transformed to: less than 10 years of school education; 10–11 years of

school education; more than 11 years of school education.

2.4. Statistical analysis

To identify seven-day drinking patterns and to test the stability of

seven-day drinking patterns over time, mixture modeling was used.

Statistical analyses were carried out using Mplus version 7.4 (Muthén

and Muthén, 1998-2015). All latent variable analyses were done with a

full-information maximum likelihood estimator with robust standard

errors. These models were estimated under a missing at random as-

sumption using all available data.

Data were analyzed in two steps. In the first step, seven-day

drinking patterns were identified. A single latent profile analysis (LPA)

was conducted using baseline data (Fig. 1, left part) to determine the

optimal number of seven-day drinking patterns in our sample. LPA is

able to identify unobserved subgroups that are represented by a cate-

gorical latent variable. Manifest continuous indicators are used to es-

timate the number of latent classes that adequately represents the

heterogeneity in a study population. Number of drinks per seven days,

number of days with alcohol use, and number of days with HED were

used as indicators for latent class membership.

The decision on the number of latent classes was guided by the

(adjusted) Bayesian Information Criterion (BIC; Schwarz, 1978) and the

Akaike Information Criterion (AIC; Akaike, 1998) that balance fit and

parsimony of a model, with smaller values indicating better fit. Ad-

ditionally, a bootstrapped likelihood-ratio test (BLRT; McLachlan and
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Peel, 2000) was considered for model selection that compares a given k-

class-model with the k-1-class-model. Class size and meaningfulness of

classes were also taken into account.

Since prior research (e.g., Kushnir and Cunningham, 2014;

Tremblay et al., 2010) and the guidelines for low-risk drinking

(National Institute on Alcohol Abuse and Alcoholism, 2010) support the

notion that alcohol use exhibits a cyclic pattern on a weekly basis, the

same number of latent classes was assumed for each of the four weeks.

This assumption was tested using separate LPAs for the three follow-up

weeks.

In a second step, intraindividual stability of seven-day drinking

patterns was assessed. For this purpose, latent transition analysis (LTA)

was conducted. LTA is basically a longitudinal extension of LPA that

allows for transitions between latent classes (Lanza et al., 2010). An

additional group of parameters is estimated in LTA, i.e., latent class

transition probabilities that represent the probabilities of changing la-

tent class membership from one time point to another. As depicted in

Fig. 1 (full model), every week is represented by a separate LPA. The

evaluation of drinking pattern stability was based on the latent transi-

tion probabilities between two weeks and the frequency distributions of

seven-day drinking patterns for every week and over the course of the

study period. For the baseline LPA and the subsequent LTA, age and

gender were included as control variables (on latent class membership

for the baseline week). In order to ensure interpretability of results, we

aimed to constrain indicator means for each class to be equal across

weeks. Thus, classes would have the same meaning and transitions

between classes could be interpreted as an actual change in seven-day

drinking patterns. The assumption of invariance of indicator means was

tested by comparing LTAs featuring different restrictions with like-

lihood ratio tests using the Satorra-Bentler scaled chi-square test as

described in Asparouhov and Muthén (2013).

3. Results

3.1. Sample characteristics

The final sample (N = 288; 49% female) had an age range of 18–84

years and a mean age of 33.1 (SD = 12.8) years. The majority (n =

189; 66%) had more than 11 years of school education, 78 participants

(27%) had 10–11 years, and 20 participants (7%) had less than 10 years

of school education. On average, participants drank between six and

seven standard drinks per seven days (Table 1), distributed over 2.2–2.5

drinking days. The average number of days with reported HED ranged

between 0.3 and 0.5. The mean AUDIT-C score was 4.2 (SD = 1.8) and

134 participants (47%) screened positive for at-risk alcohol use at

baseline. Study participants who completed all follow-up assessments

(n = 156; 54%) were compared to those who missed at least one

follow-up assessment (n = 132; 46%) in terms of sociodemographic

and alcohol-related variables. Multivariate logistic regression analyses

revealed that male participants were more likely to complete all follow-

up assessments compared to female participants (OR=0.55; p= 0.02).

No other characteristics were significantly different.

3.2. Identification of seven-day drinking patterns

The decision about the number of seven-day drinking patterns for

the LTA was based on the optimal number of latent classes in the

baseline LPA. Relative entropy was above 0.9 for all models (Table 2).

Although the 4- and 5-class solutions were superior in terms of in-

formation criteria and BLRT, these models yielded very small class sizes

(n = 1–3 cases per class). Moreover, these small classes were con-

ceptually hard to distinguish from each other. Therefore, it was decided

that the 3-class model represented the heterogeneity of seven-day

drinking patterns in our study population best.

Within this baseline 3-class model, the largest class (n = 222; 77%)

was characterized by a mean of 3.5 consumed drinks per seven days, a

mean of 2.2 drinking days and no day with HED (M= 0). This class was

labeled light drinkers. Light drinkers had a mean AUDIT-C score of 3.7

(SD = 1.5) and 86 light drinkers (39%) had at-risk alcohol use ac-

cording to the AUDIT-C. The second class (n = 52; 18%) consumed on

average 10.7 drinks per seven days, on 2.9 days and exhibited HED on

1.1 days. This class was labeled moderate drinkers. The mean AUDIT-C

score was 5.6 (SD = 1.9). At-risk alcohol use was found in 35 moderate

drinkers (67%). The third class was the smallest in size (n = 14; 5%)

and characterized by a high number of drinks per seven days (M =

29.2), frequent alcohol use (M = 5.4 drinking days) and frequent HED

(M=2.5 days). This class was labeled heavy drinkers. Heavy drinkers

had a mean AUDIT-C score of 6.4 (SD = 1.3). Thirteen heavy drinkers

(93%) screened positive for at-risk alcohol use. Female participants

were more likely to be light drinkers than male participants (OR = 6.7;

95% CI [1.4, 31.1]; reference category: heavy drinkers). There was no

statistically significant association between age and latent class mem-

bership (ORs = 1.04 and 0.99 with p-values = 0.25 and 0.72).

Fig. 1. LTA modeling the stability of seven-day drinking patterns over four weeks.

Table 1

Means (standard deviations) for drinking pattern indicators for every seven

days.

Indicator Baseline week

(n = 288)

Week 2

(n = 198)

Week 3

(n = 201)

Week 4

(n = 198)

Drinks per seven days 6.0 (6.9) 6.2 (7.1) 7.1 (10.4) 7.2 (11.6)

Drinking days 2.5 (1.9) 2.2 (1.8) 2.3 (2.0) 2.2 (2.1)

Days with HED 0.3 (0.7) 0.4 (0.8) 0.5 (1.1) 0.4 (0.8)
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3.3. Stability of drinking patterns

Separate LPAs revealed that three latent classes were qualified best

to represent the heterogeneity of seven-day drinking patterns for every

follow-up. Again, information criteria favored solutions with more than

three latent classes (Table 2), but only the 3-class models featured in-

terpretable results and acceptable class sizes. Likelihood ratio tests fa-

vored the LTA with predetermined invariant indicator means taken

from the baseline LPA. This model was superior over a model with

invariant but undetermined indicator means (χ²(9)= 36.25;

p<0.001) and over a model where indicator means were allowed to

vary freely over time (χ²(36)= 173.16; p<0.001). Therefore, the

above described 3-class solution of the baseline LPA was subsequently

adapted to all three follow-up weeks. Relative entropy was 0.87 for this

LTA. Over the study period, the probabilities for latent class member-

ship (Table 3) for the group of light drinkers ranged between 77 and

84%, for moderate drinkers between 9 and 18%, and for heavy drinkers

between 5 and 7%.

The intraindividual stability of seven-day drinking patterns can be

derived from the latent class transition probabilities (Table 4). Every

latent transition probability describes the probability of class mem-

bership in week T given class membership in week T-1. For instance, the

probability for someone to be classified as a heavy drinker in Week 2

was 2%, if that person was classified as a light drinker in the baseline

week. As indicated by the diagonal cells from top left to bottom right,

the highest probabilities were found for remaining in the same latent

class for all transitions except for baseline moderate drinkers. They

were more likely to be classified as light drinkers (47%) compared to

moderate drinkers (38%) in Week 2. Transitioning from light to heavy

drinking was most unlikely (probabilities ranging from 0 to 3%)

whereas the probability for transitioning from heavy to light drinking

ranged between 22 and 27%. The probabilities for the maintenance of

light drinking exceeded 80% for every transition.

In total, 102 participants (35%) changed their seven-day drinking

pattern at least once over the course of one month. Seventy participants

(24%) showed one change in seven-day drinking patterns and 27 in-

dividuals (9%) two changes. Five participants (2%) exhibited drinking

patterns that differed from the preceding seven days each time. Based

on their latent class membership at baseline, changes in seven-day

drinking patterns (i.e., at least one change over the course of one

month) were most prevalent for moderate drinkers (49 out of 52; 94%),

followed by heavy (6 out of 14; 43%) and light drinkers (47 out of 222;

21%). Forty-two baseline moderate drinkers (81%) displayed light

drinking, and 41 baseline light drinkers (19%) displayed moderate

drinking during at least one follow-up week. More males (42%) than

females (29%) changed their seven-day drinking pattern (χ2(1)= 5.58;

p = 0.018). Although not statistically significant (t(286) = −1.76; p =

0.079), those who changed their drinking pattern tended to be younger

(M = 31.3 years; SD = 1.2 years) than those who maintained their

drinking pattern (M = 34.1 years; SD = 1.0 years).

4. Discussion

We found considerable intraindividual variability in drinking pat-

terns over four consecutive weeks in our sample of adults. Twenty-one

percent of baseline light drinkers and 94% of baseline moderate drin-

kers changed their seven-day drinking pattern at least once within four

weeks.

Our study adds to the limitations regarding imprecise alcohol con-

sumption assessments (Stockwell et al., 2016a). Although latent tran-

sition probabilities show that light drinking is maintained in the ma-

jority of cases, our findings also suggest misclassifications of individuals

with light to moderate alcohol consumption to be likely. Changes were

especially prevalent among moderately drinking individuals. This

finding suggests that the assessment of moderate drinking may be

particularly affected by measurement imprecision due to its variability

over time. This may add to methodological objections against the as-

sessment of alcohol consumption when measured at one point of time

only (Stockwell and Naimi, 2016).

Alcohol consumption is a behavior that is subject to short-term

variations, perhaps more so among younger than among older adults.

Table 2

Model fit statistics for LPAs identifying seven-day drinking patterns.

Baseline (n =

288)

2-class

solution

3-class

solution

4-class

solution

5-class

solution

aBIC 3339.042 3116.499 2632.321 2300.324

AIC 3333.140 3107.646 2620.517 2285.570

BLRT (p-value) p < .001 p < .001 p < .001 p < .001

Relative

entropy

0.978 0.994 1.000 1.000

Week 1 (n =

198)

2-class

solution

3-class

solution

4-class

solution

5-class

solution

aBIC 2306.919 2180.204 1961.981 1817.341

AIC 2305.476 2178.040 1959.095 1813.733

BLRT (p-value) p < .001 p < .001 p < .001 p < .001

Relative

entropy

0.986 1.000 1.000 0.997

Week 2 (n =

201)

2-class

solution

3-class

solution

4-class

solution

5-class

solution

aBIC 2627.612 2480.019 2297.567 2048.025

AIC 2625.931 2477.498 2294.206 2043.823

BLRT (p-value) p < .001 p < .001 p < .001 p < .001

Relative

entropy

0.992 0.949 1.000 1.000

Week 3 (n =

198)

2-class

solution

3-class

solution

4-class

solution

5-class

solution

aBIC 2625.287 2490.101 2336.795 2220.190

AIC 2623.844 2487.936 2333.909 2216.582

BLRT (p-value) p < .001 p < .001 p < .001 p < .001

Relative

entropy

0.983 0.999 0.946 0.969

Table 3

Latent class membership probabilities over time.

Latent class Baseline week Week 2 Week 3 Week 4

Light drinkers 0.77 0.81 0.84 0.79

Moderate drinkers 0.18 0.13 0.09 0.14

Heavy drinkers 0.05 0.06 0.07 0.07

Table 4

Latent class transition probabilities.

Baseline week to Week 2 transition Week 2 class membership

light moderate heavy

Baseline class membership light 0.84 0.13 0.02

moderate 0.47 0.38 0.15

heavy 0.22 0.24 0.54

Week 2 to Week 3 transition Week 3 class membership

light moderate heavy

Week 2 class membership light 0.92 0.08 0

moderate 0.39 0.45 0.16

heavy 0.22 0 0.78

Week 3 to Week 4 transition Week 4 class membership

light moderate heavy

Week 3 class membership light 0.90 0.07 0.03

moderate 0.12 0.77 0.11

heavy 0.27 0.24 0.49

Note. Probabilities in each row sum up to 1.
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This circumstance suggests the use of time frames in the assessment of

alcohol consumption, at best prospectively. Memory bias (Del Boca

et al., 2016), seasonal (Knudsen and Skogen, 2015) and event-specific

changes (Tremblay et al., 2010) may play a role in the variability over

time. The task of retrospectively estimating quantity and frequency of

drinking may impose a high cognitive burden on respondents. Espe-

cially if people are prone to provide socially desirable answers (Davis

et al., 2010), they may be tempted to give more importance to the

periods of lower alcohol consumption. This may potentially account for

the underreporting of alcohol consumption (Stockwell et al., 2016a)

and add to the gap between self-report and sales data of alcohol con-

sumption (Stockwell et al., 2008).

TLFB data may be less biased by socially desirable answers than

more simple alcohol assessment methods such as asking for quantity

and frequency of alcohol consumption on a typical day. TLFB might

elicit more accurate memory recall by defining precise time frames and

repeated recall. This speaks in favor of the assumption that the changes

we found are real. Yet, changes may also be explained by measurement

reactivity (Barta et al., 2012), i.e., the sole monitoring of behavior can

initiate behavior change (Rodrigues et al., 2015). The identified var-

iations in drinking patterns were not uniform in direction as transitions

towards less intensive drinking were more likely than towards more

intensive drinking patterns. Thus, a small reactive effect of our repeated

assessments cannot be ruled out.

4.1. Limitations

Four limitations of our study have to be acknowledged. First,

drinking patterns may have been biased by measurement reactivity.

Second, our sample was skewed in terms of educational background.

While among our participants, 66% had more than 11 years of school

education, only 31% of 15–64 year olds in the German general popu-

lation have more than 11 years of school education (Statistisches

Bundesamt, 2018). We were not able to include educational back-

ground as a covariate as very small cell frequencies resulted in severe

parameter estimation problems. Third, fit criteria of the LPAs indicate

that there may be more than three latent classes of seven-day drinking

patterns. Prior studies (Davoren et al., 2016) also suggest that the

heterogeneity of alcohol consumption may be better covered by more

than three latent classes. For that purpose, a larger sample size, addi-

tional covariates, additional indicators of alcohol consumption, and

more variance within these indicators may have been required. Fourth,

the proportion of individuals who participated in the study among all

individuals who were approached was rather low (52%). Due to our

recruitment strategy, selection bias is likely.

4.2. Conclusion

Our findings suggest intraindividual variability in drinking patterns

over the course of four consecutive weeks, in particular among in-

dividuals with light to moderate drinking patterns. The reliability of

common alcohol consumption assessment methods such as the quan-

tity-frequency approach might be impaired by potential instability of

drinking patterns. Our study was the first to determine the short-term

stability of seven-day drinking patterns. Further studies with larger

samples are necessary to underpin our findings.
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Stability of At-risk Alcohol Use Screening Results in a
General Population Sample

Andreas Staudt , Jennis Freyer-Adam, Ulrich John, Christian Meyer, and Sophie Baumann

Background: In combination with systematic routine screening, brief alcohol interventions have the
potential to promote population health. Little is known on the optimal screening interval. Therefore,
this study pursued 2 research questions: (i) How stable are screening results for at-risk drinking over
12 months? (ii) Can the transition from low-risk to at-risk drinking be predicted by gender, age, school
education, employment, or past week alcohol use?

Methods: A sample of 831 adults (55% female; mean age = 30.8 years) from the general popula-
tion was assessed 4 times over 12 months. The Alcohol Use Disorders Identification Test—Consump-
tion was used to screen for at-risk drinking each time. Participants were categorized either as low-risk
or at-risk drinkers at baseline, 3, 6, and 12 months later. Stable and instable risk status trajectories were
analyzed descriptively and graphically. Transitioning from low-risk drinking at baseline to at-risk
drinking at any follow-up was predicted using a logistic regression model.

Results: Consistent screening results over time were observed in 509 participants (61%). Of all base-
line low-risk drinkers, 113 (21%) received a positive screening result in 1 or more follow-up assessments.
Females (vs. males; OR = 1.66; 95% confidence intervals [95% CI] = 1.04; 2.64), 18- to 29-year-olds
(vs. 30- to 45-year-olds; OR = 2.30; 95% CI = 1.26; 4.20), and those reporting 2 or more drinking
days (vs. less than 2; OR = 3.11; 95% CI = 1.93; 5.01) and heavy episodic drinking (vs. none;
OR = 2.35; 95% CI = 1.06; 5.20) in the week prior to the baseline assessment had increased odds for
a transition to at-risk drinking.

Conclusions: Our findings suggest that the widely used time frame of 1 year may be ambiguous
regarding the screening for at-risk alcohol use although generalizability may be limited due to higher-
educated people being overrepresented in our sample.

Key Words: At-risk Drinking, Drinking Patterns, Trajectories, AUDIT-C, Public Health.

B rief alcohol interventions (BAIs) have been proven
efficacious in reducing at-risk drinking in primary

care populations (Alvarez-Bueno et al., 2015; Beyer
et al., 2019). BAIs are a promising approach to promote
public health (Heather, 2012) if they are implemented in

combination with systematic routine screening for at-risk
drinking.

The thresholds for at-risk drinking are 14 or more
alcoholic drinks per week for men and 7 or more for
women as well as 5 or more alcoholic drinks per single
occasion for men and 4 or more for women (National
Institute on Alcohol Abuse and Alcoholism, 2010). Estab-
lished screening measures assess typical drinking behavior,
often referring to time frames such as the past year (e.g.,
Alcohol Use Disorders Identification Test—Consumption;
Bush et al., 1998). Although previous studies found alco-
hol consumption to be generally stable over time (de
Vocht et al., 2016; Kerr et al., 2002; Knott et al., 2018),
certain drinking patterns may be characterized by tempo-
ral variations (Sher et al., 2011), even within a short time
such as 4 weeks (Staudt et al., 2018). Furthermore, sea-
sonal peaks or lows in alcohol use have been observed
(Knudsen and Skogen, 2015; Kushnir and Cunningham,
2014). An interference of these temporal variations on
screening cannot be ruled out.

The effect of an individualized brief intervention delivered
to those identified as at-risk drinkers through screening may
be attenuated if it does not yield the “true” alcohol consump-
tion but rather a biased snapshot of someone’s drinking
behavior. According to World Health Organization (WHO)
recommendations (World Health Organization, 2017) and
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common practice in research (Beyer et al., 2019), at-risk drin-
kers are the sole target group for BAIs. With this approach,
misclassification might lead to missing people in need for
BAI, which is especially unfavorable since recent evidence
has shown that alcohol consumption contributes to cancer
risk even below the established threshold for at-risk drinking
(Burton and Sheron, 2018).
In their most recent recommendation statement, the U.S.

Preventive Services Task Force (2018) concluded that the
optimal screening interval remains unknown. The German
guideline “Screening, diagnosis and treatment of alcohol-re-
lated disorders” (AWMF, 2014) states that a screening inter-
val of 1 or 2 years may be adequate and useful,
simultaneously acknowledging insufficient evidence on the
temporal stability of at-risk drinking in the general popula-
tion. The lack of evidence refers in particular to intervals of
less than 12 months. Among a representative sample of U.S.
adults who were screened twice, 15% of low-risk alcohol
users reported at-risk use 3 years later (Saitz et al., 2019).
Annual screenings for alcohol misuse as part of routine care
for U.S. veteran outpatients revealed that the probabilities of
converting to a positive screening result after 1 year varied
between 2 and 39%, depending on gender, age, and initial
negative screening score (Lapham et al., 2014a). The latter
study reported an average number needed to screen of 17 in
order to identify 1 person converting from a negative to a
subsequent positive screening result.
While regular screenings are highly desirable in order to

reduce alcohol-related illness and disease (Rehm et al., 2016),
the widespread dissemination of routine screening is chal-
lenged by resource and time constraints in settings relevant
for BAI (Johnson et al., 2011). To save resources, informa-
tion on optimal screening intervals is required. Investigating
the stability of at-risk alcohol use screening within 1 year
may shed some light on this issue.
Moreover, little is known on factors that predict change

from a negative toward a positive screening result over time.
The studies by Saitz et al. (2019) and Lapham et al. (2014a)
identified male gender and younger age to be relevant in this
respect. Among U.S. adults, gender and education predicted
change in drinking patterns from age 53 to 64 (Molander
et al., 2010). Cross-sectional research has shown that alcohol
consumption varies by school education (Bloomfield et al.,
2006) and employment status (Melchior et al., 2015; Popovici
and French, 2013). It seems conceivable that these factors
may also shape the longitudinal development of drinking but
evidence in the general population is scarce. Furthermore,
short periods of increased alcohol intake, for instance in the
past week, in spite of a negative screening result may indicate
a tendency toward at-risk drinking and add to the considera-
tion when the next screening should take place. Therefore,
this study aims to investigate: (i) how stable screening results
for at-risk drinking are over the course of 12 months and (ii)
if the transition from low-risk to at-risk drinking can be pre-
dicted by gender, age, school education, employment status,
or past week alcohol use.

MATERIALS ANDMETHODS

Participants and Procedure

The sample comprises the control arm of a randomized con-
trolled trial evaluating a computer-based BAI targeting the full
spectrum of alcohol consumption (Baumann et al., 2018). The trial
was prospectively registered at the German Clinical Trials Register
(DRKS00014274) and approved by the responsible ethics commit-
tee of the respective university (protocol number BB 147/15).

Participants were proactively recruited in the waiting area of a
municipal registry office in Germany. The registry office is the public
authority for passport and vehicle admission issues and offers access
to the general population. The recruitment strategy was 2-staged.
All visitors appearing in the waiting area during our study period
were approached by study assistants. Those aged between 18 and
64 years were asked to participate in a self-administered tablet-
based survey that contained the eligibility screening for the subse-
quent trial. Persons who were already approached during an earlier
visit, persons cognitively or physically incapable, persons with insuf-
ficient language or reading skills, and persons employed at the con-
ducting research institute were excluded.

Persons reporting past-year alcohol consumption were eligible
and asked to participate in the trial. Those who had no telephone or
permanent address were excluded. After giving their written
informed consent, participants were randomized to either receiving
BAI or assessment only and received a voucher of 5 € in compensa-
tion for their participation. Simple randomization with individuals
as units of randomization was applied (1:1 group allocation ratio).
Participants were unaware of their individual group affiliation until
they received BAI or not.

Recruitment took place from mid-April to mid-June 2018. Com-
puter-assisted telephone interviews (CATIs) were conducted 3 (July
to September 2018), 6 (October 2018 to January 2019), and
12 months (April to July 2019) after the baseline assessment by
study assistants. After 10 failed telephone contacts, according ques-
tionnaires were sent out to participants by e-mail or mail. All partic-
ipants received another voucher of 5 € that was sent per mail prior
to the follow-up assessment at month 12. Study assistants responsi-
ble for recruitment, supervision of the baseline assessment, and the
conduction of CATIs were blinded to the participants’ group alloca-
tion.

Overall, 3,966 registry office visitors met the inclusion criteria for
the PRINT eligibility screening (Fig. 1). Among those, 2,947 (74%)
completed the screening assessment. Of 2,463 eligible persons, 1,646
(67%) participated in the PRINT trial. Those who were randomized
to the assessment-only control group constitute the sample for our
study (n = 831). Follow-up participation ranged between 81%
(month 12) and 86% (month 3) in this group, whereas 614 control
group participants (74%) completed all follow-up assessments.

Measures

At-risk Drinking. At each assessment, the Alcohol Use Disor-
ders Identification Test—Consumption (AUDIT-C; Bush et al.,
1998) was applied to screen for at-risk drinking. The AUDIT-C
consists of 3 items asking for the typical frequency of alcohol
consumption, the typical quantity when alcohol is consumed, and
the typical frequency of heavy episodic drinking (HED). The
HED item was adapted to current recommendations for low-risk
drinking (National Institute on Alcohol Abuse and Alcoholism,
2010) asking how often women had 4 or more and men had 5 or
more alcoholic drinks on a single occasion (Higgins-Biddle and
Babor, 2018). No reference period was specified, which means
that the items were identical for all points of measurement. Par-
ticipants were informed about the size of alcoholic standard
drinks. A drink was defined as 0.25 to 0.3 l beer, 0.1 to 0.15 l
wine or sparkling wine, or 4cl spirits. This information was

STABILITYOF AT-RISK ALCOHOL USE SCREENING 1313



displayed as a note on the tablet screen or read out loud by study
assistants during the telephone interviews. The AUDIT-C sum
score was calculated, and cutoff scores of ≥4 for women and ≥5
for men were used (Reinert and Allen, 2007) to indicate at-risk
drinking. The AUDIT-C had shown very good sensitivity and
acceptable specificity in detecting at-risk drinking in the general
population (Dawson et al., 2005; Rumpf et al., 2002).

In order to quantify the stability of screening results, the individ-
ual risk status (low risk/at risk) was generated for every point of
measurement. Based on this, consistent (same risk status over time)
and inconsistent trajectories (change of risk status over time) were
determined. Trajectories were coded as “stable” when there was no
change in risk status and at least 1 follow-up where participants pro-
vided information on their alcohol consumption. Trajectories were

Fig. 1. Flow chart of participants.
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coded as “changed once” when there was exactly 1 change in risk
status over time and “fluctuating” when there was more than 1
change. Those who did not complete any follow-up assessment were
coded as “lost to all follow-ups.”

Predictors. Gender, age, school education, employment status,
and university student status were assessed at baseline. Participants
were asked to indicate their highest educational degree: 12 or more,
10 to 11, and 9 or less years of school education. Employment status
was assessed by full-time employed, part-time employed, education
(still going to school, university students, and occupational retrain-
ing), unemployed, and others (retiree, homemaker, or similar). In
addition, participants were asked if they are currently enrolled at a
university (no/yes). In order to prevent very small cell sizes in the
joint distribution, employment was reduced to 2 categories (full- or
part-time employed/currently not employed). Age was dummy-
coded and grouped into 3 categories: 18 to 29, 30 to 45, and 46 to
64 years of age.

Past week alcohol use was assessed at baseline using Timeline
Followback (Sobell and Sobell, 1992). Participants were asked to
indicate the number of alcoholic drinks they had on each of the
7 days prior to the assessment. The same note about the size of
an alcoholic standard drink as for the AUDIT-C was displayed
on the tablet screen (see above). Based on the information pro-
vided, 2 indicators of past week alcohol use were generated: the
number of drinking days (less than 2 days/2 days or more) and
HED (no/yes) which was defined as having had 4 or more alco-
holic drinks for women and 5 or more alcoholic drinks for men
on any day in the past week.

Statistical Analysis

Depicting Stability of Screening Result. The stability of screen-
ing for at-risk drinking was evaluated: (i) by descriptive statistics
given as proportions of consistent and inconsistent risk status trajec-
tories and (ii) by plotting longitudinal trajectories using the R pack-
age LongCatPlot (Tueller et al., 2016) in RStudio (RStudio Team,
2015). All other analyses were conducted with Stata 14.2 (Stata-
Corp., 2015).

Predicting Transitions From Low-Risk to At-risk Drinking. To
test whether the transition from negative to positive screening result
can be predicted by gender, age, school education, employment sta-
tus, or past week alcohol use, binary logistic regression analysis was
applied. The outcome was at-risk drinking at any follow-up assess-
ment. Results are given as odds ratios (OR) with 95% confidence
intervals (95% CI). Participants who already reported at-risk drink-
ing at baseline and those who did not complete any follow-up were
excluded from the model. Thus, the sample size was reduced to 491
(59% of those allocated to the assessment-only control group). Chi-
square tests were used to compare the sample for the logistic regres-
sion model with those who had to be excluded from the model
regarding sociodemographic characteristics. To control for poten-
tial confounding effects of the time of recruitment, a sensitivity anal-
ysis was conducted with the weeks of recruitment entered as
additional dummy-coded predictors.

Handling of Missing Values. There were no missing data at
baseline as the tablet computers did not allow for skipping items
without providing an answer to the respective question, and
there was no data loss due to technical reasons. Missing values
due to nonparticipation in the follow-up assessments were con-
sidered in the determination of risk status trajectories as well as
in LongCatPlot that provides the possibility to explicitly plot
missing states. For the logistic regression model, 49 baseline
low-risk drinkers had to be excluded because they did not pro-
vide any follow-up data.

RESULTS

Sample Characteristics

The sample encompassed 831 participants, among them
460 (55%) were females (Table 1). The mean age was
30.8 years (SD = 10.8 years). The majority (n = 557; 67%)
had 12 or more years of school education. One-fourth
(n = 225; 27%) had 10 to 11 and 49 (6%) had 9 or less years
of school education. Current employment was indicated by
525 participants (63%). Two hundred and ninety-nine partic-
ipants (36%) reported to be university students.

Stability of Screening Status

At baseline, 291 participants (35%) received a positive
screening result for at-risk drinking. The proportions of low-
risk and at-risk drinkers at months 3, 6, and 12 are displayed
in the upper part of Table 2, for the overall sample, and bro-
ken down by baseline low-risk and baseline at-risk drinkers.
Among those with a negative screening result at baseline

(n = 540), 378 (70%) remained low-risk drinkers throughout
the study period (lower part of Table 2). At-risk drinking in
at least 1 follow-up assessment was reported by 113 (21%)
baseline low-risk drinkers encompassing 45 (8%) who transi-
tioned to a positive subsequent screening result once and 68
(13%) with fluctuating risk status.
Among those with a positive screening result at baseline

(n = 291), 131 (45%) reported consistent at-risk drinking
over time (lower part of Table 2). In 71 participants (24%), a
transition to low-risk drinking was observed, and 67 (23%)
revealed a fluctuating risk status. Patterns and proportions
of these categorical trajectories are depicted in Fig. 2, sorted
by baseline risk status.

Predicting Transitions From Low-risk to At-risk Drinking

The transition from negative screening result at baseline to
a positive subsequent screening result at any follow-up was
significantly predicted by gender, age, and past week alcohol

Table 1. Sample Characteristics

n %

Females 460 55
Age-groups
18- to 29-year-olds 478 58
30- to 45-year-olds 246 30
46- to 64-year-olds 107 13
School education
9 or less years 49 6
10 to 11 years 225 27
12 or more years 557 67
Currently employed (full-time or part-time) 525 63
University students 299 36
Two or more drinking days in the past week 467 56
HED in the past week 174 21

HED, heavy episodic drinking. n = 831.
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use. Females had 66% higher odds for transitioning to at-
risk drinking than males (OR = 1.66; 95% CI = 1.04; 2.64),
and 18- to 29-year-olds had 2.3-fold odds compared to 30- to
45-year-olds (OR = 2.30; 95% CI = 1.26; 4.20). Reporting 2
or more drinking days (vs. less than 2 drinking days;
OR = 3.11; 95% CI = 1.93; 5.01) as well as HED in the past
week (vs. none; OR = 2.35; 95% CI = 1.06; 5.20) more than
doubled the odds for transitioning to at-risk drinking. The
sensitivity analysis revealed that the time of recruitment did
not predict the transition from low-risk drinking at baseline
to at-risk drinking at any follow-up assessment. Moreover,
the addition of time of recruitment as predictor did not alter
the magnitude or statistical significance of the above-men-
tioned coefficients (Table 3).

DISCUSSION

Following an alcohol-using adult general population sam-
ple over 12 months, our study revealed 2 main findings.
First, 30% of participants showed changes in alcohol use
screening status, regardless whether they were low-risk or at-
risk drinkers at baseline. Second, transitioning to at-risk
drinking, which occurred in 21% of baseline low-risk drin-
kers, was more likely for females, young adults, and those
with 2 or more drinking days and HED in the week prior to
baseline.

One in 3 persons did not maintain their initial screening
status and revealed times of low-risk and at-risk drinking
within 1 year. On the other hand, the majority of people in

Table 2. Stability of At-risk Alcohol Use Screening Over 12 Months According to AUDIT-C

Month 3 Month 6 Month 12

Low risk At risk Low risk At risk Low risk At risk

Baseline low-risk drinkers 396 (86%) 64 (14%) 404 (89%) 48 (11%) 396 (89%) 47 (11%)
Baseline at-risk drinkers 73 (29%) 182 (71%) 84 (36%) 151 (64%) 86 (37%) 147 (63%)
Overall 469 (66%) 246 (34%) 488 (71%) 199 (29%) 482 (71%) 194 (29%)

Risk status trajectories

Stable Changed once Fluctuating Lost to all follow-ups

Baseline low-risk drinkers 378 (70%) 45 (8%) 68 (13%) 49 (9%)
Baseline at-risk drinkers 131 (45%) 71 (24%) 67 (23%) 22 (8%)
Overall 509 (61%) 116 (14%) 135 (16%) 71 (9%)

All cells are n (%). The sample sizes are n = 540 baseline low-risk drinkers and n = 291 baseline at-risk drinkers. The differences in the distribution of
risk status trajectories between baseline low-risk drinkers and baseline at-risk drinkers are statistically significant (v2 = 67.4; p < 0.001).

Fig. 2. At-risk alcohol use screening status according to AUDIT-C over time. Every participant is represented by 1 horizontal line that is divided into 4
subsections. These correspond to baseline screening result, and screening result at month 3, at month 6, and at month 12 (from left to right). Each verti-
cal black line represents 1 assessment. The length of each horizontal subsection corresponds to the duration for which the respective screening is valid.
The baseline status is narrowed. The different states are represented by different colors (low-risk drinking = yellow/at-risk drinking = red). White seg-
ments indicate missing values.
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our sample showed a consistent screening status over time
replicating findings from previous longitudinal studies
regarding the overall stability of drinking (de Vocht et al.,
2016; Kerr et al., 2002; Knott et al., 2018). For the assess-
ment of typical alcohol consumption, reference periods such
as the past 12 months are recommended (Greenfield and
Kerr, 2008). Based on our findings, such a period may
include transitions from low-risk to at-risk drinking (or vice
versa). This might make it more difficult for respondents to
answer accurately and might amplify recall bias. Moreover,
the results of singular screenings may have limited temporal
validity. Suppose a person is screened for at-risk drinking
during a routine visit to the general practitioner and reports
low-risk alcohol consumption. Following the WHO recom-
mendations (World Health Organization, 2017), that person
would not receive any form of intervention. There are cur-
rently no evidence-based recommendations on when the next
screening should take place (AWMF, 2014; U.S. Preventive
Services Task Force, 2018). As long as regular screenings are
not carried out consistently, this result might stand for an
indefinite period of time, in which phases of at-risk drinking
might occur undetected.
Within 1 year, a person can consume alcohol on different

and clinically relevant intensity levels, which poses a chal-
lenge to the identification of BAI targets through screening.
Two approaches might be conceivable in this context to tap
the full potential of BAI. Either systematic screenings could
be repeated on a regular basis, or the target group for BAIs
could be expanded to include a wider spectrum of alcohol

use. Both suggestions face scarce resources in practice (John-
son et al., 2011), and rescreening everyone within 12 months
may not be useful since the majority of people drink alcohol
without great fluctuations over time. Computer-based brief
interventions might be a cost-saving alternative to provide
large groups with individualized alcohol prevention, possibly
tailored to an individual’s drinking behavior and regardless
if the thresholds for at-risk drinking are exceeded. However,
this might just be a starting point for discussions about
future directions in BAI practice, which should be informed
by thorough weighing of epidemiological data, expected
intervention effects, and cost–benefit considerations (e.g.,
Heather, 2012).
Less than half of those who reported at-risk drinking at

baseline did so in all follow-up assessments. It may be tempt-
ing to assume that at-risk drinking is a temporary phe-
nomenon in some people and prone to spontaneous
remission, hence questioning the need for action. In our view,
this conclusion must be treated with utmost caution, though.
For one thing, research participation effects (McCambridge
et al., 2014) may be responsible for the fact that not all of
those with a positive screening result at baseline consistently
reported at-risk drinking throughout the study period. The
mere attention participants and their alcohol consumption
received by being part of a randomized controlled trial may
have triggered behavior change. Reduction of alcohol con-
sumption in BAI control groups that do not contain any
active ingredient besides repeated assessments has been doc-
umented (Bischof et al., 2012; Jenkins et al., 2009). Socially

Table 3. Logistic Regression Model Predicting the Transition From Baseline Low-risk Drinking to At-risk Drinking at Any Follow-up Assessment

Constant low-risk drinking Transition to at-risk drinking
Odds ratio 95%CI p-valuen (%) n (%)

Gender
Males 183 (80%) 47 (20%) 1.00
Females 195 (75%) 66 (25%) 1.66 1.04; 2.64 0.033
Age-groups
18- to 29-year-olds 191 (72%) 73 (28%) 2.30 1.26; 4.20 0.007
30- to 45-year-olds 130 (86%) 21 (14%) 1.00
46- to 64-year-olds 57 (75%) 19 (25%) 1.72 0.83; 3.58 0.147
School education
9 or less years 18 (75%) 6 (25%) 1.00
10 to 11 years 112 (78%) 31 (22%) 1.05 0.36; 3.07 0.930
12 or more years 248 (77%) 76 (23%) 1.05 0.37; 2.99 0.924
Employment status
Currently not employed 125 (73%) 47 (27%) 1.00
Currently employed 253 (79%) 66 (21%) 0.71 0.43; 1.19 0.192
University student status
Currently not enrolled 257 (77%) 75 (23%) 1.00
Currently enrolled 121 (76%) 38 (24%) 0.70 0.39; 1.27 0.245
Drinking days in the past week
Less than 2 days 229 (85%) 40 (15%) 1.00
Two or more days 149 (67%) 73 (33%) 3.11 1.93; 5.01 <0.001
HED in the past week
No HED 361 (79%) 98 (21%) 1.00
HED 17 (53%) 15 (47%) 2.35 1.06; 5.20 0.036

HED, heavy episodic drinking.
The sample size for this model was n = 491. A lower proportion of university students (v2 = 6.7, p = 0.009) and a different age distribution (v2 = 9.8,

p = 0.007) were found among those included in the logistic regression model compared to those excluded.
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desirable responding could also play a role in this respect
(Davis et al., 2010). However, research participation effects
may also be considered for transitions in the opposite direc-
tion, from low-risk to at-risk drinking.

Apart from that, short periods of increased alcohol intake
are also relevant for health. Recent evidence revealed that
alcohol consumption may contribute to different cancers
even below the established threshold for low-risk drinking
(Burton and Sheron, 2018). The dichotomous conceptualiza-
tion of at-risk and low-risk drinking may not be adequate in
light of this new evidence. While the evidence mainly refers
to average daily consumption, part of the alcohol-at-
tributable burden comes from HED. In fact, drinking pat-
terns may be unstable or fluctuating due to varying
frequencies of HED. These instances of heavy drinking do
not only harm the cardiovascular system (Roerecke and
Rehm, 2010) but also increase the risk for injuries and acci-
dents (Taylor et al., 2010).

Our findings may support the idea of selective rescreening.
In line with previous studies (Lapham et al., 2014a; Saitz
et al., 2019), adults below 30 years of age were more likely to
transition from low-risk drinking at baseline to at-risk drink-
ing. Permissive social norms toward alcohol consumption
are prevalent among young adults (Garnett et al., 2015) mak-
ing this group susceptible to at-risk drinking. Health behav-
iors may be of secondary importance in a phase of life where
circumstances are changing fundamentally, for instance by
starting a vocational or university training. Canadian stu-
dents showed fluctuating drinking in their first year at univer-
sity (Tremblay et al., 2010) lending support to the potential
explanation that the unequally distributed workload over the
semester may account for the age effect. However, being a
university student did not increase the odds for transitioning
to at-risk drinking in our sample.

We found females to be more likely to transition from
low-risk drinking at baseline to at-risk drinking at any fol-
low-up assessment, contradicting findings in adults from the
general population (Saitz et al., 2019) and veteran outpa-
tients (Lapham et al., 2014a). There is no unequivocal evi-
dence that females change their alcohol use more often than
males (Knudsen and Skogen, 2015; Staudt et al., 2018); if
anything, age-related decreases in alcohol use seem to be
more marked among females (Molander et al., 2010). Our
finding may be explained by the decision for a lower
AUDIT-C cutoff value for females which was intended to
account for the gender-specific thresholds for low-risk drink-
ing (National Institute on Alcohol Abuse and Alcoholism,
2010). As a result, a similar increase in alcohol consumption
might lead to the AUDIT-C threshold for at-risk drinking
being exceeded in females, but not in males.

People reporting 2 or more drinking days and HED in the
week prior to the negative screening were more than twice as
likely to transition to at-risk drinking. While recent drinking
may not necessarily reflect typical drinking (Greenfield and
Kerr, 2008), assessing past week alcohol use in addition to
screening may be a valuable source of information.

Discrepancies may be an indication of fluctuating drinking
patterns, for example, indicating a typical drinking frequency
of “2 to 4 times a month” on the first AUDIT-C item while
reporting 2 or more drinking days in the past week. Our find-
ings do not allow us to derive explicit recommendations for
practice, but they do show that there may be certain groups
of individuals who are more likely to transition to at-risk
drinking following a negative screening result in the past,
and may thus be eligible for selective rescreening.

Four limitations of our study must be considered. First,
the data are based on self-reports only. Transitions between
low-risk and at-risk drinking might partly be due to reliabil-
ity issues since our study featured repeated screenings (Lap-
ham et al., 2014b) with different modes of administration
(Bowling, 2005). The prerequisite for reliable comparisons is
measurement invariance of the AUDIT-C, which has been
established across different groups (Moehring et al., 2018)
but not yet across repeated measurements. Thus, measure-
ment error might be responsible for part of the instability of
low-risk and at-risk drinking. Second, selection bias is likely.
It is well known that university students show drinking
habits (Karam et al., 2007) and exhibit social norms toward
alcohol consumption (Wicki et al., 2010) that may differ sub-
stantially from those who are not connected to the university
setting. There are at least 2 reasons why higher-educated
individuals and university students were overrepresented in
our sample compared to the general population in Germany.
Among the 59,382 inhabitants of the city where our study
was conducted (Statistical Office of the Federal State of
Mecklenburg-Western Pomerania, 2019) in 2018, 10,247
were university students (University of Greifswald, 2020). In
addition, higher-educated people are more prone to partici-
pate in trials on health behaviors (e.g., Freyer-Adam et al.,
2016; Ludden et al., 2015). Thus, generalizability of our find-
ings is limited to 18- to 64-year-old citizens of a university
town in Germany. Third, as alcohol intake can vary substan-
tially over sociodemographic and socioeconomic strata,
there may be subgroup-specific trajectories of low-risk and
at-risk drinking over time. However, small sample sizes (e.g.,
n = 107 people at age 46 to 64 or n = 49 people with 9 or less
years of school education) precluded subgroup analyses with
sufficient statistical power. Fourth, this study is a secondary
analysis of control group data of a randomized controlled
trial. Therefore, the study was originally not designed to
scrutinize the stability of screening for at-risk drinking. It
may be argued that 3 to 6 months between assessments are
too long to capture all relevant fluctuations in people’s alco-
hol intake. Short-term transitions between low-risk and at-
risk drinking may have been missed. Future studies may be
able to explore these trajectories using a finer-grained assess-
ment schedule in order to get a more detailed picture about
the stability of low-risk and at-risk drinking over time.

To conclude, our study revealed that 1 in 3 individuals
reported both times of low-risk drinking and at-risk drinking
within 1 year. However, the majority had a consistent
screening status over time. We were able to identify factors
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that predict transitions from low- to at-risk drinking. Future
research could attempt to reconcile these findings with the
practice of BAI and new evidence that no level of alcohol
consumption improves health (Burton and Sheron, 2018).
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Abstract

Underreporting of alcohol consumption is one of the major challenges in survey research

including self-reports. The aim of this study was to test whether underreporting can be

reduced by prompting respondents to first reflect on their drinking in the past week and then

answer quantity-frequency based screening questions on their typical alcohol use. Data

come from 2,379 adults (54% female; mean age = 31.8 years, SD = 11.4 years) consecu-

tively recruited at a local registration office in northeastern Germany. Participants responded

to an electronic, self-administered questionnaire on different health behaviors. They were

randomized to receiving the Alcohol Use Disorders Identification Test—Consumption

(AUDIT-C) either before or after the assessment of past week timeline follow-back ques-

tions. Logistic regression models were calculated predicting positive screening results for

at-risk drinking. Potential interaction effects with gender, age and educational background

were explored. Results show that the assessment of past week alcohol consumption prior to

the assessment of the AUDIT-C reduced the odds of obtaining positive screening results

(OR = 0.83; 95% CI = 0.70–0.99). There were no interaction effects with gender, age and

educational background. As a secondary finding, participants reported consistently lower

alcohol consumption in the alcohol measure that was administered later in the question-

naire. Preceding questions about alcohol consumption in the past week reduced the proba-

bility of positive screening results for at-risk drinking. Our findings suggest that prompting

people to recall past week alcohol use prior to screening may not be a solution to reduce

underreporting.

Introduction

Misreporting of alcohol consumption is a problem in population surveys: people struggle in

reporting their actual alcohol consumption accurately [1]. Misreporting on self-report
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measures may compromise the detection of individuals with hazardous alcohol consumption.

Furthermore, misreporting attenuates the quality of evidence that is used to estimate the risk

for alcohol-related problems and to derive low-risk drinking guidelines [2, 3]. While both

over- and underreporting of alcohol consumption have been observed, the gap between self-

reported alcohol consumption and estimates derived from alcohol sales data indicates that

underreporting is the more severe problem [4]. Underreporting has been found to vary by

gender and age [5, 6], drinking pattern [4, 7] as well as by features of the research instrument

[8]. If quantity-frequency items and retrospective diary methods were compared within the

same sample, the latter would yield substantively higher estimates of average alcohol consump-

tion [9–11].

The magnitude of underreporting may partially be explained by recall errors [9, 12]. For

instance, one of the most widely used screening instruments for hazardous alcohol use, the

Alcohol Use Disorders Identification Test–Consumption (AUDIT-C) [13], assesses respon-

dents’ self-reported typical frequency and quantity of alcohol consumption [14]. In order to

provide valid answers, respondents are expected to consider and reflect on past drinking epi-

sodes that have to be condensed to a global appraisal of typical drinking frequency. It is ques-

tionable whether respondents perform such a complex cognitive operation. It seems unlikely

that they have detailed episodic representations available, unless the behavior is rare and of

considerable importance [8]. Concerning frequent behavior, it seems more likely that respon-

dents roughly estimate their drinking by drawing upon schemas stored in memory [15] rather

than counting individual episodes. According to cognitive psychology, schemas are structured

units of knowledge that contain easily accessible information about subjects, events or the self

[16]. These estimates may be imprecise and open to bias [12]. Imprecision may be an issue for

the assessment of typical drinking quantity, too. Respondents are expected to provide informa-

tion on average quantity of alcohol consumed. However, there may be large variations in

quantities within one person [17]. As a consequence, the purpose of the quantity-frequency

approach may be undermined by human’s memory constraints. The respondents’ way of

obtaining their respective answers may be based on schemas rather than on accurate episodic

memories as intended by the measure.

Besides recall deficits, underreporting may also be explained by general tendencies towards

socially desirable responding [18] or by bias resulting from specific social context factors [19].

Respondents may be influenced by social norms that are salient in a given situation [20], the

interview situation [21], the interview setting [22] or the way the respondents perceive the

intention of the interviewer [12] as well as their anonymity [23].

Nevertheless, quantity-frequency based measures assessing typical behavior such as the

AUDIT-C [24] are recommended and frequently used. Retrospective measures with short ref-

erence periods may be less prone to recall bias [19], but may disregard seasonal [25], event-

specific [26] or even random variability in alcohol consumption [12, 27]. Prospective measures

may be expected to yield most valid information [1] but seem impractical for routine care and

brief interventions.

As outlined above, respondents are likely to roughly estimate their typical drinking fre-

quencies and quantities based on available schemas [8]. Schemas are applied and updated in

comparison with new experiences [16]. Given the assumption that schemas contain an

underestimate of the respondents’ true alcohol consumption, respondents might be

prompted to correct their schema upwards when confronted with memories of more intense

drinking. Recent drinking can be expected to be higher than respondents’ reported average

consumption [9–11, 28, 29]. Regarding the assessment of alcohol use, the content of preced-

ing questions can shape response behavior in subsequent ones [12, 30, 31]. Therefore, we
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hypothesized that preceding questions about alcohol consumption in the past week may

reduce underreporting in a subsequent quantity-frequency based screening measure as

respondents may become more aware of the discrepancy between their most recent con-

sumption and their estimated average.

The aim of the present study was to test (i) whether underreporting of alcohol consumption

may be reduced by prompting respondents to reflect on their drinking in the past week prior

to the assessment of frequency and quantity of drinking, and (ii) whether this effect is moder-

ated by socio-demographic variables, namely gender, age and school education.

Materials andmethods

Data were collected as part of the randomized controlled trial “Testing a proactive expert sys-

tem intervention to prevent and to quit at-risk alcohol use” (PRINT, German Clinical Trials

Register: DRKS00014274, date of registration: 2018/03/12) described in more detail elsewhere

[32]. The ethics committee of the University Medicine Greifswald approved the study (proto-

col number BB 147/15).

Participant recruitment and study procedure

Participants were recruited from the general population. In April and May 2018, all clients

aged 18 to 64 years who appeared in the waiting area of the registration office in Greifswald,

Mecklenburg-Western Pomerania, Germany, were approached by study assistants. The regis-

tration office is the public authority for registration, passport and vehicle admission issues in

Germany. Clients were asked to fill in a questionnaire on health behaviors. Clients cognitively

or physically incapable, clients with insufficient language or reading skills, clients having

already been approached during an earlier visit, escorting persons and clients employed at our

research institute were excluded.

Clients received oral and written information about study purpose, data handling and ano-

nymity. Those who agreed received a tablet computer, and were briefly instructed into the

handling of the tablet-based, self-administered questionnaire. All participants recorded their

informed consent electronically on the tablet computer prior to participation. Written

informed consent and personal data was obtained from those participants who were eligible to

participate and who agreed to participate in the PRINT trial. This procedure was approved by

the ethics committee of the University Medicine Greifswald (protocol number BB 147/15).

Completing the questionnaire took 5 to 10 minutes. Participants who reported alcohol use

in the past 12 months (“Did you drink alcohol in the past 12 months?”) received a detailed

alcohol assessment (i.e. screening for at-risk alcohol consumption, past week drinking, and

motivational constructs related to alcohol consumption) and comprised the final sample ana-

lyzed in this study.

Experimental conditions

Participants were assigned to study conditions using a random generator implemented in

the tablet computers. This randomization affected all participants who received the detailed

alcohol assessment. One condition was first asked to recall past week alcohol use before

responding to the alcohol screening measure (Screening with prior past week recall). The

other condition was asked to respond to the alcohol screening measure first (Screening

without prior past week recall). In this condition, past week alcohol use was also assessed, but

after the screening. Participants were unaware that this randomization took place.

Prior recall of past week alcohol use and screening
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Measures

Alcohol use measures. The detailed alcohol assessment included (i) the Alcohol Use Dis-

orders Identification Test (AUDIT) [33] as screening measure, and (ii) timeline follow-back

questions (TLFB) [34] to ask for alcohol use in the past week.

Concerning the screening measure, the AUDIT-C [13] was used to screen for at-risk alco-

hol consumption. The AUDIT-C has been validated in general population samples [14, 35]

and showed very good sensitivity in detecting at-risk drinking. Regarding specificity, results

were mixed [14, 35], depending on the cut-off value used. We used cut-off scores of� 4 for

women and� 5 for men [36]. The third item (“How often do you have 4 [for women] / 5 [for

men] or more alcoholic drinks on one occasion?”) was adapted to gender-specific limits of cur-

rent low-risk drinking guidelines [24, 37]. Beyond that, answers on the first two items (“How

often do you have a drink containing alcohol?” and “How many drinks do you have on a typi-

cal day when you are drinking?”) were computed into an index for average weekly alcohol con-

sumption by assuming the median of each response option.

Concerning the past week recall, TLFB questions [34] ask participants to indicate the num-

ber of alcoholic drinks they had on each of the seven days prior to the assessment. For both the

AUDIT and TLFB items, participants were informed about the concept of standard drinks

with a note displayed on the tablet screen that included exemplary beverages. A drink was

defined as 0.25–0.3l beer, 0.1–0.15l wine or sparkling wine or 4cl spirits.

Covariates. Gender, age, educational background, and relationship status were assessed.

Educational background included 9 years or less, 10 to 11, and 12 or more years of school edu-

cation. Relationship status was coded one when currently married or living in a partnership,

and zero when not. Furthermore, smoking status (never, former, current smoker) was assessed.

Statistical analysis

Differences between experimental conditions were tested using two-sided t-tests, χ2-tests or
Mann-Whitney-U-tests with p< .05 as significance level. In order to test whether prior past

week recall of alcohol use affects screening results, logistic regression models were calculated.

Data were analyzed in three steps. First, at-risk alcohol consumption according to the

AUDIT-C score (0 = low-risk alcohol use, 1 = at-risk alcohol use) was regressed on experimen-

tal condition (0 = screening without prior past week recall, 1 = screening with prior past week

recall) (unadjusted model). Second, gender, age, educational background, relationship status

and smoking status were added as covariates (adjusted model). Linearity of age as continuous

predictor and log odds was tested with graphical analysis using the LOWESS technique and the

Box Tidwell Transformation Test [38]. As the assumption of linearity was violated, we collapsed

age into a categorical variable with three groups (18–29, 30–45 and 46–64 year-olds). In a third

step, we explored whether gender, age or educational background moderated the effect of

experimental condition on screening by adding respective interaction terms into our regression

model. Results of logistic regression models were given as odds ratios (OR), 95% confidence

intervals (CI) and exact p-values. All statistical analyses were carried out using Stata 14 [39].

As the tablet computers did not allow for skipping items without providing an answer to the

respective question and we had no data loss due to technical reasons, there was no missing data.

Results

Sample characteristics

Overall, 6,645 persons appeared in the waiting area during our recruitment period. Among

them, 3,966 were eligible for our survey. Of all eligible clients, 2,947 (74.3%) participated in the
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survey. Of these, 392 reported no alcohol use in the past 12 months and did not receive the

detailed alcohol assessment. Randomization took place for 2,555 participants (Fig 1), of whom

1,297 were assigned to Screening with prior past week recall and 1,258 to Screening without

prior past week recall. Among the 2,555 randomized participants, 119 did not complete the

assessment due to insufficient waiting time in the registration office. Further 55 participants,

who received the detailed alcohol assessment, indicated current alcohol abstinence on the first

AUDIT-C item. These participants were excluded from analysis. Two persons with highly

inconsistent disclosures (daily drinking of more than 800 grams of alcohol on the past week

Fig 1. Flow of participants.

https://doi.org/10.1371/journal.pone.0217595.g001
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items and drinking less than once per month on the first AUDIT-C item) were also excluded.

The final sample to be used for analysis encompassed 2,379 participants.

The final sample (N = 2,379; 54.3% female) had a mean age of 31.8 years (SD = 11.4). Sixty-

two percent (n = 1,482) had 12 or more, 31.2% (n = 742) 10 to 11 and 6.5% (n = 155) had 9 or

less years of schooling. Current smoking was reported by 33.5% (n = 798). There were no sta-

tistically significant differences between the two experimental conditions regarding socio-

demographic characteristics or smoking (Table 1).

Alcohol measures across conditions

According to the first two AUDIT-C items, the average weekly alcohol consumption in our

sample was 2.9 alcoholic standard drinks (SD = 4.3). In the week prior to their respective

assessment, participants drank on average 5.0 alcoholic standard drinks (SD = 7.2). There

were no differences between experimental conditions concerning average weekly consumption

(p = .692) and AUDIT-C score (p = .420). The condition Screening with prior past week recall

reported a significantly higher number of alcoholic beverages in the TLFB items (p< .001),

and revealed a lower percentage of positive screenings for at-risk alcohol consumption (p =

.040) than the condition Screening without prior past week recall.

Logistic regression models

The unadjusted model revealed that experimental condition significantly predicted screening

result (OR = 0.84; 95% CI: 0.71–0.99). This finding remained significant in the adjusted model

Table 1. Sample characteristics and alcohol measures.

Experimental condition: Screening. . .

Overall . . .with prior past week recall . . .without prior past week recall

Socio-demographics n = 2,379 n = 1,198 n = 1,181 p

Women, n (%) 1,292 (54.3%) 632 (52.8%) 660 (55.9%) .125b

Age in years,M (SD) 31.8 (11.4) 31.7 (11.2) 31.8 (11.6) .897a

Age groups, n (%)

18–29 year-olds 1,290 (54.2%) 651 (54.3%) 639 (54.1%)

30–45 year-olds 732 (30.8%) 376 (31.4%) 356 (30.1%) .558b

46–64 year-olds 357 (15.0%) 171 (14.3%) 186 (15.8%)

Educational background, n (%)

� 9 years 155 (6.5%) 80 (6.7%) 75 (6.4%)

10–11 years 742 (31.2%) 399 (33.3%) 343 (29.0%) .062b

� 12 years 1,482 (62.3%) 719 (60.0%) 763 (64.6%)

In a relationship, n (%) 1,542 (64.8%) 777 (64.9%) 765 (64.8%) .966b

Smoking status, n (%)

Nonsmokers 1,197 (50.3%) 592 (49.4%) 605 (51.2%)

Former smokers 384 (16.1%) 199 (16.6%) 185 (15.7%) .653b

Current smokers 798 (33.5%) 407 (34.0%) 391 (33.1%)

Alcohol consumption

At-risk alcohol consumption according to AUDIT-C1, n (%) 846 (35.6%) 402 (33.6%) 444 (37.6%) .040b

Average number of drinks per week (AUDIT-C),M (SD) 2.9 (4.3) 2.9 (3.9) 3.0 (4.7) .692c

Number of alcoholic drinks in the past week (TLFB),M (SD) 5.0 (7.2) 5.6 (7.5) 4.4 (6.9) < .001c

AUDIT-C score,M (SD) 3.6 (1.8) 3.5 (1.8) 3.6 (1.8) .420c

AUDIT-C = Alcohol Use Disorders Identification Test–Consumption. 1At-risk alcohol consumption cut-off values according to AUDIT-C: sum score of 4 or more for

females and 5 or more for males. TLFB = Timeline follow-back items referring to the last 7 days. p-values from two-sided t-testsa (df = 1,377), χ2-testsb and Mann-

Whitney-U-testsc.

https://doi.org/10.1371/journal.pone.0217595.t001
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(OR = 0.83; 95% CI: 0.70–0.99; Table 2). The three subsequently conducted logistic regression

models revealed that neither gender (p = .977), nor age (p = .603 and p = .081), nor educational

background (p = .613 and p = .796) moderated the effect of experimental condition on screen-

ing result.

Discussion

Our study revealed two main findings. First, respondents who were asked to recall their past

week alcohol use before responding to the AUDIT-C had reduced odds of receiving a positive

screening result. Furthermore, in both conditions the alcohol measure that was assessed first

revealed higher values in comparison to the other condition, in which the respective measure

was assessed second.

Our study revealed that underreporting of alcohol consumption in screening measures may

not be reduced by preceding questions about alcohol consumption in the past week. In accor-

dance with previous studies [9–11, 28, 29], we found that respondents reported higher con-

sumption for a short recall period (the past week) compared to a more general assessment of

typical alcohol consumption as assessed by the AUDIT-C. This finding supports the notion

that our respondents underreported typical frequency and quantity of their alcohol consump-

tion in the AUDIT-C. However, our hypothesis that respondents would report higher alcohol

use in quantity-frequency based AUDIT-C screening following their recall of alcohol use for

each day in the past week was not supported. The opposite was found. Although the actual

underlying cognitive processes remain unclear, fewer positive screening results for at-risk alco-

hol consumption were obtained when respondents were asked to recall past week alcohol use

Table 2. Logistic regression models predicting positive AUDIT-C screening.

Odds Ratio 95% CI p-value

Unadjusted model

Experimental condition
Reference: Screening without prior past week recall

0.84 0.71; 0.99 .040

Adjusted model

Experimental condition
Reference: Screening without prior past week recall

0.83 0.70; 0.99 .041

Gender
Reference: Males

1.25 1.04; 1.49 .016

Age groups
Reference: 18–29 year-olds

30–45 year-olds 0.58 0.47; 0.72 < .001

46–64 year-olds 0.59 0.44; 0.78 < .001

Educational background
Reference:� 9 years

10–11 years 1.78 1.19; 2.67 .005

� 12 years 2.92 1.97; 4.33 < .001

Relationship status
Reference: Not in a relationship

0.78 0.65; 0.95 .011

Smoking status
Reference: Nonsmokers

Former smokers 2.11 1.62; 2.74 < .001

Current smokers 3.49 2.82; 4.32 < .001

N = 2,379 for both models.

https://doi.org/10.1371/journal.pone.0217595.t002
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first, even after controlling for gender, age, educational background, relationship status and

smoking status. Thus, it has to be acknowledged that we were not able to reduce underreport-

ing in screening for at-risk drinking merely by prompting respondents to recall past week alco-

hol use before its assessment. However, two alternative explanations are also likely for our

unexpected results.

Firstly, respondents might have become aware of our particular interest in their drinking

behavior when they were faced with the second alcohol measure (either AUDIT or past week

alcohol use). The second alcohol measure may have initiated tendencies towards social desir-

able answers leading to underreporting particularly in the second measure. Misreporting due

to social desirability is influenced by the perceived context of the assessment [40]. As the

screening was introduced as a survey on different health behaviors, the administration of mul-

tiple alcohol measures may have led our respondents to suspect that we have a particular inter-

est in their alcohol consumption. For those for whom the AUDIT was the second measure,

responses may have been biased by social desirability in order to downplay past week alcohol

use. Our assumption that the second alcohol measure initiated tendencies towards social desir-

able answers is also supported by the finding that significantly fewer alcoholic drinks were

reported in the past week when the past week items were presented after the AUDIT. This

points towards a potential source of error in surveys; more alcohol measures within a question-

naire might elicit underreporting and lead to increased bias of participants’ disclosures in later

alcohol measures.

Secondly, irregular heavy episodic drinking may have caused these results. Apart from typi-

cal quantity and frequency of alcohol consumption, heavy episodic drinking is an integral part

of hazardous drinking [37]. Underreporting has been shown to be particularly marked among

people who engage in heavy episodic drinking infrequently [5]. Infrequent heavy episodic

drinkers represent the majority of our sample according to the third AUDIT-C item: 68% indi-

cated to engage in heavy episodic drinking less than once per month. The past week as a time

frame may have been too short to include heavy drinking episodes for these people. Thus,

administering past week items prior to the AUDIT may have had the undesired effect of

prompting our respondents to underestimate their heavy episodic drinking frequency, as the

recent recall period most likely did not include such an episode.

Two limitations have to be addressed. First, although the proportion of individuals who

participated in our study among the eligible (74%) is acceptable, selection bias is likely. For

instance, our sample is not representative of the German general population in terms of educa-

tional background: 62% of our sample experienced 12 or more years of schooling. Based on

census data, the proportion of 15- to 64-year-olds with 12 or more years of schooling among

the general population is only 31% [41]. The town in which the study was conducted is charac-

terized by a large proportion of university students, i.e. 10,247 university students [42] and

58,886 inhabitants [43]. Second, our study lacked external validation data, i.e. we did not have

information on the actual amount of alcohol consumed to validate self-reports. This study was

based on the common assumption in alcohol research that higher reported alcohol consump-

tion is closer to the true amount of alcohol consumed [5, 29]. However, whether this is true

remains afflicted with uncertainty. The gap between self-reported alcohol consumption and

estimates derived from alcohol sales data [4] may not only be attributable to underreporting

but also to other factors such as systematic sampling errors in population surveys.

Our findings suggest that prompting people to recall past week alcohol use prior to screen-

ing may not be a solution to reduce underreporting. Our findings even suggest that the oppo-

site may be true. Putting recent drinking episodes into the focus of attention may not improve

the recall of episodic memories required for screening purposes but rather trigger social desir-

able answers or neglect of more intensive drinking episodes. Furthermore, assessing more
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than one alcohol measure may amplify underreporting in any subsequent alcohol measure.

Identifying the determinants of underreporting in alcohol surveys and finding potential reme-

dies, for instance by means of audio-guided computer-assisted self-interviews [44] or alterna-

tive question formats such as within-location beverage-specific questions [5], remains a

worthwhile endeavor in order to prevent false negative screening results and missing people in

need for intervention.
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