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A B S T R A C T   

Background: It is well documented by case-control and case-crossover studies that hazardous drinking and the 
risk of experiencing violence-related injuries are related. The present study investigated this relationship in a 
cohort of general population survey respondents in Denmark using subsequent hospital admissions for violence. 
Methods: The cohort consisted of participants in the 2011 Danish national survey on alcohol and drugs (N =
5126). Survey responses were used to identify those with hazardous alcohol use. Register data on the cohort’s 
hospital admissions for violence from 2010 through 2018 served as the outcome. The relationship between re-
spondents’ hazardous drinking and counts of subsequent hospital admissions was investigated using a Poisson 
regression model. 
Results: After controlling for confounding, respondents with hazardous consumption (Alcohol Use Disorders 
Identification Test Consumption [AUDIT-C] cut off: 5 points) had an increased rate of hospital admissions for 
violence, with an incidence rate ratio (IRR) of 2.28 (95% CI: 1.16–4.50) compared to respondents without 
hazardous alcohol use. Each additional AUDIT-C point was associated with a 20% increase in the incidence rate 
for violence-related admission (IRR=1.20, 95% CI: 1.06–1.37). Furthermore, interaction analyses showed a 
significant interaction between gender and AUDIT-C score on hospital admissions for violence (IRR=0.69, 95% 
CI: 0.53–0.90). 
Conclusions: Results provide evidence that hazardous alcohol use is associated with subsequent hospital admis-
sions for violence in the Danish general population and that gender moderates this relationship.   

1. Introduction 

Intentional injuries, which consist of injuries sustained from non- 
accidental causes, including self-inflicted injuries and violence (Mur-
ray et al., 2001), are a leading cause of death and disability among 
young people (GBD, 2019 Diseases and Injuries Collaborators, 2020). 
The relationship between alcohol consumption and risk of intentional 
injuries for the drinker has been well documented by case-control and 
case-crossover studies (Cherpitel, 2007; Devries et al., 2014; Taylor 
et al., 2010; Vinson et al., 2003) as well as some longitudinal studies (e. 
g.,Thompson et al., 2008). The role of both acute and chronic alcohol 

use in fatal violence-related injuries has also been a focus of prior 
research. Alcohol intoxication is common among homicide victims 
(Kuhns et al., 2011; Naimi et al., 2016), and population-based studies 
from the Nordic countries have shown that having an alcohol or a 
substance use disorder diagnosis is associated with an increased risk of 
homicide victimization (Crump et al., 2013; Hiroeh et al., 2001). 

Previous studies of alcohol and violence have drawn study samples 
from emergency departments (Cherpitel, 2007; Zerhouni et al., 2013) 
and from hospital registers (Murphy et al., 2019). The current study 
builds on the existing body of research by using a methodology which 
links general population survey data on drinking with longitudinal 
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hospital records on violence. In contrast to administrative data, general 
population survey data are likely to identify individuals with lower rates 
of consumption and alcohol-related problems, while at the same time 
providing a detailed view of drinking behaviors across different levels 
and patterns of drinking. On the other hand, hospital registers offer some 
advantages in capturing instances of victimization, as they allow for the 
measurement of violence-related injuries over time and are less sus-
ceptible to nonresponse biases that may affect victimization surveys 
(Kruse et al., 2010; McNutt and Lee, 2000). 

Sociodemographic variables, such as gender, age and socioeconomic 
status (SES) have been shown to modify the effect of alcohol con-
sumption on a broad range of outcomes (Grittner et al., 2012; Katikir-
eddi et al., 2017; Knott et al., 2015; Stockwell et al., 2002). These factors 
also have a direct effect on violent victimization, with a higher risk of 
victimization among men, young adults and people of lower SES (Bellis 
et al., 2008, 2011). 

In terms of the relationship between alcohol consumption and 
violence victimization, there is some prior work investigating differen-
tial effects of alcohol consumption by sociodemographic variables, 
particularly gender, with studies showing that among respondents who 
had been physically assaulted, men were more likely to have been 
drinking during the incident than women (Scott et al., 1999) and that 
drinking plays a stronger role in the risk of experiencing victimization 
among men compared to women (Ellonen and Aaltonen, 2012; Felson 
and Burchfield, 2004). However, some studies that have included 
interaction analyses have not found the difference in effect sizes be-
tween men and women to be significant (Korcha et al., 2014). Variation 
across other sociodemographic factors in the relationship between 
alcohol measures and victimization has been less frequently explored, 
although some previous research has shown that drinking has a greater 
effect on the risk of experiencing violence victimization among young 
adults compared to older adults (Felson and Burchfield, 2004). 

In Denmark, like in other Western countries, men tend to drink more 
than women (Grittner et al., 2020). Recent Danish national survey re-
sults show the proportion exceeding the high-risk drinking thresholds 
defined by the Danish Health Authority (> 14 drinks per week for 
women; > 21 drinks per week for men) (Danish Health Authority, 2019) 
is highest among those ages 16–24, but also elevated among those ages 
55–74 (Jensen et al., 2018). 

Findings regarding the relationship between SES and alcohol con-
sumption in Denmark have varied. Some studies have found no evidence 
that drinking patterns differ substantially by SES (Bloomfield et al., 
2008; Seid et al., 2018), while others have shown people of higher SES 
were more likely to drink heavily (Hansen et al., 2011). As regards the 
effect of SES on alcohol-related harm, a recent study of alcohol-related 
liver disease found strong evidence of a socio-economic gradient in 
Denmark (Askgaard et al., 2021). However, studies of alcohol’s harms to 
others have been mixed, with one study finding level of education 
modified the relationship between one’s own alcohol consumption and 
experience of harassment by someone who has been drinking (Beckhoff 
et al., 2020), while another did not find evidence that SES affected the 
relationship between parental alcohol problems and young people’s 
emotional problems and depression (Pisinger and Tolstrup, 2021). In 
summary, the link between alcohol consumption and harm may differ 
between sociodemographic population subgroups, depending on the 
outcomes considered and the overall drinking pattern in a given group. 

The aim of the current study was to examine whether hazardous 
drinking as measured in a general population survey sample is associ-
ated with a subsequent increased rate of hospitalization for violence. A 
further focus was to investigate whether the relationship between haz-
ardous drinking and later hospital admission for violence is modified by 
sociodemographic factors. 

2. Material and methods 

2.1. Study design and population 

This is a historical cohort study in which the cohort consists of re-
spondents to the cross-sectional 2011 Danish National Alcohol and Drug 
Survey (Bloomfield et al., 2013). The survey was completed via a tele-
phone or Web questionnaire and conducted by Statistics Denmark on 
behalf of the Centre for Alcohol and Drug Research, Aarhus University. 
From the initial sample of 8004 residents (ages 15–79) randomly 
selected from the Danish civil registration system who received a mailed 
invitation, 5133 (64%) participated in the survey, and 5126 provided 
sufficient information to calculate Alcohol Use Disorders Identification 
Test Consumption (AUDIT-C) scores (Bush et al., 1998). The cohort was 
followed from September 2010 until the end of 2018. 

Oral or written informed consent was given by the respondents 
before participation in the survey. Ethical approval of the survey study 
was provided by the Danish Data Protection Agency. Since the register 
data used for this study were collected and stored for monitoring and 
quality assurance in Denmark, no ethics evaluation for use of register 
data was needed under Danish law. All data were kept on secure servers 
at Statistics Denmark. 

Each individual officially residing in Denmark is assigned a unique 
personal identification number, which allows for linkages between 
different registers (Pedersen et al., 2006) and, in the present study, also 
between survey data and register data. For censoring purposes, mor-
tality data on the cohort were extracted from the causes-of-death reg-
ister, and emigration status was determined based on presence in the 
population register with the date of emigration out of Denmark assigned 
as December 31st of the subsequent year the individual was last recor-
ded in the population register (Helweg-Larsen, 2011; Statistics 
Denmark, 2021). 

2.2. Measures/variables 

2.2.1. Alcohol-related exposure 
Hazardous alcohol consumption was measured by the AUDIT-C 

questionnaire (Bush et al., 1998), which was included in the 2011 sur-
vey. The AUDIT-C is a subset of the AUDIT (Babor et al., 2001), which 
comprises three questions on frequency of drinking, amount of alcohol 
consumed, and frequency of heavy episodic drinking during the past 12 
months, scored on a scale of 0–12 points. It is a validated screening tool 
for detecting heavy/risk drinking and alcohol abuse or dependence 
(Bush et al., 1998; Campbell and Maisto, 2018; Dawson et al., 2005). In 
the present study, the AUDIT-C was selected over the full AUDIT in order 
to avoid confounding exposure and outcome. Additional questions in the 
full AUDIT measure consequences and dependence on alcohol 
(including health and social problems caused by drinking) and thus 
could potentially overlap with the outcome in this study. Therefore, by 
using the AUDIT-C, we use an established indicator of hazardous 
drinking that keeps the exposure and outcome variables distinct. 

Using a recommended cut-off for general population samples (Rumpf 
et al., 2002), participants were divided into two groups: AUDIT-C score 
of 0–4 and AUDIT-C score of 5 or higher. In order to assess a 
dose-response relationship, we also conducted analyses with AUDIT-C 
score and scores for each of the three AUDIT-C items separately as 
continuous variables. 

2.2.2. Outcome 
The outcome was the number of hospital admissions for violence. 

These data were identified through data linkage with the Danish Na-
tional Patient Registry (NPR) (Schmidt et al., 2015). The NPR contains 
information on patient contacts with hospital departments in Denmark 
since 1977; since 1995, the NPR also includes information from emer-
gency departments, psychiatric departments, and outpatient clinics 
(Lynge et al., 2011). The NPR includes an International Classification of 
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Diseases (ICD-10) code specifying the primary diagnosis in relation to 
the hospital contact, and, in relevant cases, additional diagnoses. The 
register also includes a variable specifying the reason for the emergency 
department contact (Schmidt et al., 2015). In the NPR, these reasons are 
used in lieu of an ICD code specifying the external cause of morbidity 
(Kruse et al., 2010). The reason-for-contact codes are assigned at 
admission by emergency department staff and include the following: 
Illness without direct relation to external lesion; Accident; Act of 
violence; Suicide, suicide attempt, or self-inflicted harm; Sequelae. For 
admissions with an external cause of injury, the Nordic 
Medico-Statistical Committee (NOMESCO) Classification of External 
Causes of Injuries (NCECI) is used (Laursen and Møller, 2011). Accord-
ing to NCECI, violence is defined as “assault by other person resulting in 
injury”, including assault, brawl, maltreatment and sexual assault 
(Nordic Medico-Statistical Committee, 2007). In this study, the outcome 
was any hospital admission with a reason for contact specified as 
violence during the eight-year follow-up period. For each individual, all 
admissions that included violence as a reason for contact during the 
follow-up period were included. However, as each admission should 
reflect a distinct episode of violence victimization, any admissions that 
occurred on the same day were collapsed into a single episode. 

2.2.3. Covariates 
Covariates included gender, ethnicity, highest level of education, 

age, prior psychiatric disorders, past-year illicit drug use, respondent’s 
cohabitation status, and presence of minor children in the home. Gender 
was recorded as male or female based on the participant’s response in 
the survey. Ethnicity was drawn from the population register and was 
defined based on the standard definitions used by Statistics Denmark: 
individuals who were of Danish origin, and individuals who were im-
migrants or who had two non-Danish-citizen parents. Highest level of 
education was drawn from the Highest Completed Education register 
(Jensen and Rasmussen, 2011), and it was categorized into low 
(compulsory education), medium (vocational or upper secondary edu-
cation) and high (higher education). For the interaction analysis, level of 
education was dichotomized (low and medium versus high). Age was 
reported by the respondent at the time of the survey and was included as 
a continuous variable in the regression analysis and a four-category 
variable in the descriptive analysis. 

A respondent was considered to have a prior psychiatric disorder if 
they received any of the following ICD-10 diagnoses in the NPR prior to 
1 September 2010: F2 (schizophrenia, schizotypal and delusional dis-
orders), F3 (mood disorders), F4 (neurotic, stress-related and somato-
form disorders), or F6 (disorders of adult personality and behavior). 
Illicit drug use was identified based on responses to the 2011 survey. A 
respondent who reported that they had used cannabis resin, cocaine, 
amphetamines, ecstasy, solvents, hallucinogens, heroin, or other opiates 
(methadone, opium, or morphine) in the past 12 months was considered 
to have used illicit drugs. 

A respondent’s cohabitation status was categorized as either single 
or living with a partner. Respondents were considered to be living with a 
partner if they either indicated they were married/living with partner in 
the 2011 survey or if they were registered as part of a couple in the 
population register in 2011. Presence of children (under 18 years) in the 
household was determined based on responses to the 2011 survey. 

2.3. Statistical methods 

Using register data, respondents from the 2011 survey were followed 
starting from 1 September 2010. This date was chosen as it begins the 
approximate reference period covered by the survey (i.e., respondents 
were queried about the 12 months prior to survey administration). At 
the time the study was carried out, register data were available through 
2018. Thus, follow-up continued until the end of the study on 31 
December 2018, emigration, or death, whichever came first. 

Cross-tabulations with corrected, weighted χ2 tests were used to 

examine bivariate associations between AUDIT-C scores and the cova-
riates. Based on the Bayesian information criterion (BIC) and the Akaike 
information criterion (AIC), Poisson regression was chosen for multi-
variate modeling. Incidence rate ratios (IRRs) with 95% confidence in-
tervals (CIs) were calculated using follow-up time as an exposure 
variable in the regression model. AUDIT-C was first included as a 
dichotomous indicator of heavy drinking. Then, to test for a dose- 
response relationship, the continuous AUDIT-C total score was used. 
Additional analyses used each of the individual AUDIT-C items sepa-
rately. After the main effects were assessed, interactions of hazardous 
drinking with age, gender, and SES were included separately in multi-
variate regressions. In cases of significant interaction effects, the pre-
dictive margins for the moderating variable were graphed to illustrate 
the relationship between hazardous drinking and hospital admissions 

Table 1 
Study population characteristics by AUDIT-C status.   

Overall, 
n 

AUDIT-C <
5, weighted 
% 

AUDIT-C ≥
5, weighted 
% 

Design-based F 
statistica 

Total 5126  55.69  44.31  
Gender       

Male 2420  43.45  56.55 F(1, 5125)=
281.20b 

Female 2706  67.87  32.13  
Ethnicity       

Danish origin 4780  53.49  46.51 F(1, 5125) =
54.46b 

Immigrant/ 
descendentc 

346  74.45  25.55  

Age group       
15–29 1136  35.53  64.47 F(2.99, 

15,318.67)=
83.78b 

30–45  1308  62.75  37.25 
46–64  1820  58.52  41.48 
65+ 862  67.37  32.63  

Highest level of 
educationd,e       

Low 951  64.72  35.28 F(1.98, 
10,086.04)=
23.21b 

Medium 2123  53.25  46.75  
High 2011  52.18  47.82  

Past-year illicit 
drug usef       

No 4820  58.04  41.96 F(1, 5113) =
123.38b 

Yes 294  22.29  77.71  
Prior psychiatric 

disorder 
diagnosis       
No 4888  55.56  44.44 F(1, 5125) =

0.48 
Yes 238  57.95  42.05  

Cohabitation 
status       
Living with 
partner 

3647  58.68  41.32 F(1, 5125) =
32.00b 

Single 1479  49.62  50.38  
Children <18 in 

homeg       

No 3478  51.75  48.25 F(1, 5062)=
71.71b 

Yes 1585  65.13  34.87   

Notes: AUDIT-C=Alcohol Use Disorders Identification Test-Consumption. 
a Corrected, weighted. 
b p-value < 0.001. 
c Individuals who were immigrants or who had two non-Danish-citizen 

parents. 
d Missing data for 41 respondents. 
e Low=compulsory education, Medium=Upper secondary education or 

vocational training, High=higher education. 
f Missing data for 12 respondents. 
g Missing data for 63 respondents. 
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for violence across levels of the moderator. All regression analyses 
applied weights created by Statistics Denmark to reflect the age, gender, 
family structure, education, income, and country of origin of the na-
tional population. Analyses were carried out using STATA v.16 (Stata-
Corp, 2019). 

3. Results 

3.1. Description of participants and outcomes 

Table 1 shows 44.31% of respondents had an AUDIT-C score indi-
cating hazardous drinking (AUDIT-C ≥ 5). Hazardous drinking was 
more common among men (56.55%) compared to women (32.13%) and 
among participants of Danish origin (46.51%) compared to immigrants/ 
descendants (25.55%). A larger proportion of the youngest age group 
drank hazardously compared to the other age groups. The proportion of 
participants with hazardous drinking also was higher among those with 
a higher level of education, as well as among those who were single, 

those with past-year illicit drug use, and those without children at home. 
The population was followed for an average of 8.14 years. A total of 

51 participants (1.15%) had at least one admission due to violence 
during the follow-up period. Of these, 40 participants reported hazard-
ous drinking on the survey (1.98% of those with AUDIT≥5) and 11 re-
ported no hazardous drinking (0.49% of those with AUDIT<5). Fewer 
than five participants experienced two admissions, and none experi-
enced more than two admissions. 

3.2. Multivariate analyses of hospital admissions 

In the main effects multivariate model, the rate of hospitalizations 
for violence was 2.28 times higher [95% CI: 1.16–4.50] for hazardous 
drinkers than for respondents without hazardous alcohol use (Table 2). 
Rates of hospitalizations for violence were significantly lower among 
older respondents compared to younger respondents [IRR 0.94, 95% CI: 
0.92–0.96] and significantly higher among those with a low level of 
education compared to those with higher education [IRR 3.68, 95% CI: 

Table 2 
Adjusted incidence rate ratios (95% CIs) for Poisson regression predicting hospital admissions for violence using AUDIT-C cutoff (<5 vs. 5 + points) (weighted; 
unweighted N = 5126).   

Main effects 
model  

Interaction model 
1  

Interaction model 
2  

Interaction model 
3  

Variable IRRa (95% CI) P IRRb (95% CI) P IRRc (95% CI) P IRRd (95% CI) P 
MAIN EFFECTS         
Hazardous drinking status         

AUDIT-C< 5 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
AUDIT-C≥ 5 2.28 (1.16–4.50) 0.017 3.95 (1.23–12.71) 0.021 3.52 (1.01–12.27) 0.048 1.82 (0.51–6.48) 0.353 

Gender         
Men 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Women 0.61 (0.33–1.11) 0.107 1.44 (0.41–5.06) 0.566 0.60 (0.33–1.08) 0.089 0.62 (0.34–1.13) 0.118 

Ethnicity         
Danish origin 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Immigrant/descendente 1.21 (0.46–3.18) 0.704 1.21 (0.46–3.21) 0.704 1.23 (0.47–3.23) 0.674 1.23 (0.47–3.21) 0.671 

Age (years) 0.94 (0.92–0.96) <

0.001 
0.94 (0.92–0.96) <

0.001 
0.95 (0.93–0.97) <

0.001 
0.94 (0.93–0.96) <

0.001 
Level of educationf         

High 1 (ref)  1 (ref)  1 (ref)    
Medium 1.88 (0.91–3.86) 0.086 1.86 (0.90–3.82) 0.092 1.87 (0.91–3.85) 0.088   
Low 3.68 (1.56–8.67) 0.003 3.72 (1.59–8.72) 0.002 3.67 (1.56–8.63) 0.003   

Cohabitation status         
Living with partner 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Single 0.93 (0.42–2.07) 0.863 0.94 (0.42–2.07) 0.869 0.93 (0.42–2.06) 0.858 0.95 (0.43–2.11) 0.906 

Children < 18 in home         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 0.71 (0.30–1.67) 0.431 0.69 (0.30–1.62) 0.397 0.72 (0.30–1.71) 0.455 0.70 (0.30–1.67) 0.425 

Past-year illicit drug use         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 1.83 (0.93–3.59) 0.079 1.76 (0.89–3.47) 0.106 1.80 (0.92–3.53) 0.087 1.93 (0.99–3.77) 0.054 

Prior psychiatric disorder 
diagnosis         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 1.07 (0.33–3.46) 0.912 1.06 (0.33–3.44) 0.918 1.08 (0.33–3.53) 0.893 1.19 (0.38–3.77) 0.768 

Any higher education         
Yes       1 (ref)  
No       1.95 (0.51–7.53) 0.332 

INTERACTIONS         
AUDIT-C*Gender   0.28 (0.06–1.27) 0.099     
AUDIT-C*Age     0.99 (0.96–1.02) 0.404   
AUDIT-C*Any higher education       1.28 (0.28–5.91) 0.755 

Notes: AUDIT-C=Alcohol Use Disorders Identification Test-Consumption; IRR = incidence rate ratio; CI = confidence interval 
a Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, and prior psychiatric diagnosis. 
b Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, prior psychiatric diagnosis, and AUDIT-C*gender interaction. 
c Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, prior psychiatric diagnosis and AUDIT-C*age interaction. 
d Model includes hazardous drinking status, gender, ethnicity, age, any higher education, cohabitation status, children < 18 living in the home, past-year illicit drug 

use, prior psychiatric diagnosis and AUDIT-C*any higher education interaction. 
e Individuals who were immigrants or who had two non-Danish-citizen parents. 
f High=higher education, Medium=Upper secondary education or vocational training, Low=compulsory education. 
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1.56–8.67]. 
As shown in Table 3, when used as a continuous variable, there was 

an increased rate of hospitalizations for violence with increasing AUDIT- 
C scores (IRR=1.20, 95% CI: 1.06–1.37). There were similar effects of 
age and education as were observed when AUDIT-C was examined as a 
cut-off score. 

3.3. Interaction analyses 

There was a statistically significant interaction between gender and 
the continuous AUDIT-C score on hospital admissions for violence 
(IRR=0.69, 95% CI: 0.53–0.90) (Table 3) but not when the dichotomous 
indicator was used (Table 2). There were no significant interaction ef-
fects for level of education or age with AUDIT-C score (Tables 2 and 3). 

The interaction of gender and AUDIT-C score is depicted in Fig. 1, 
which shows the predictive margins by gender. There is a clear dose- 
response relationship for men, with each additional AUDIT-C point at 
the higher end of the spectrum. Analyses of individual AUDIT-C items 
revealed a similar pattern (Fig. 2). Specifically, for men, increasing 
AUDIT-C scores, in terms of frequency of drinking, quantity of alcohol 

consumed, and frequency of heavy drinking, are each associated with a 
greater number of predicted hospital admissions for violence. For 
women, the effect of the AUDIT-C score is less clear, with non-drinkers 
and non-risky drinkers, but also those with more drinks per drinking 
day, having the highest number of predicted hospitalizations. 

4. Discussion 

The aim of this study was to assess the relationship between haz-
ardous drinking in the general population and risk of hospital admis-
sions for violence. As predicted, hazardous drinking was indeed 
associated with increased rate of hospital admissions for violence- 
related causes. This finding, which is based on a general population 
sample, is in line with previous studies of emergency department sam-
ples in other countries showing an increased risk of intentional injuries 
among intoxicated patients (Borges et al., 2008; Macdonald et al., 2006). 

Our analysis utilizing survey data for the exposure measurement and 
register data on hospital admissions due to violence as the outcome 
measurement offers a unique contribution to the evidence of the alcohol 
and violence association. Usually, alcohol use surveys contain both the 

Table 3 
Adjusted incidence rate ratios (95% CIs) for Poisson regression predicting hospital admissions for violence using AUDIT-C as a continuous variable (0–12 points) 
(weighted; unweighted N = 5126).   

Main effects 
model  

Interaction model 
1  

Interaction model 
2  

Interaction model 
3  

Variable IRRa (95% CI) P IRRb (95% CI) P IRRc (95% CI) P IRRd (95% CI) P 
MAIN EFFECTS         
Hazardous drinking status         

AUDIT-C score 1.20 (1.06–1.37) 0.005 1.37 (1.18–1.60) < 0.001 1.30 (1.07–1.59) 0.009 1.10 (0.87–1.39) 0.420 
Gender         

Men 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Women 0.66 (0.37–1.17) 0.153 5.23 (1.19–23.09) 0.029 0.65 (0.37–1.12) 0.122 0.66 (0.37–1.18) 0.163 

Ethnicity         
Danish origin 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Immigrant/descendente 1.37 (0.53–3.57) 0.519 1.29 (0.50–3.33) 0.594 1.39 (0.53–3.62) 0.498 1.38 (0.53–3.57) 0.505 

Age (years) 0.94 (0.92–0.96) < 0.001 0.94 (0.92–0.96) < 0.001 0.96 (0.92–1.00) 0.031 0.95 (0.93–0.96) < 0.001 
Level of educationf         

High 1 (ref)  1 (ref)  1 (ref)    
Medium 1.90 (0.93–3.90) 0.079 1.89 (0.92–3.87) 0.084 1.90 (0.93–3.89) 0.080   
Low 3.69 (1.58–8.61) 0.002 3.63 (1.55–8.48) 0.003 3.65 (1.55–8.58) 0.003   

Cohabitation status         
Living with partner 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Single 0.90 (0.41–1.99) 0.800 0.87 (0.40–1.89) 0.732 0.90 (0.41–1.97) 0.784 0.93 (0.43–2.04) 0.862 

Children < 18 in home         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 0.76 (0.33–1.76) 0.526 0.74 (0.32–1.70) 0.477 0.77 (0.33–1.78) 0.537 0.76 (0.33–1.74) 0.510 

Past-year illicit drug use         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 1.60 (0.79–3.26) 0.191 1.49 (0.72–3.05) 0.281 1.58 (0.79–3.19) 0.198 1.69 (0.83–3.42) 0.145 

Prior psychiatric disorder 
diagnosis         
No 1 (ref)  1 (ref)  1 (ref)  1 (ref)  
Yes 1.11 (0.35–3.53) 0.864 1.12 (0.36–3.53) 0.842 1.14 (0.35–3.67) 0.831 1.21 (0.39–3.78) 0.744 

Any higher education         
Yes       1 (ref)  
No       1.17 (0.17–8.19) 0.878 

INTERACTIONS         
AUDIT-C*Gender   0.69 (0.53–0.90) 0.006     
AUDIT-C*Age     1.00 (0.99–1.00) 0.455   
AUDIT-C*Any higher education       1.12 (0.84–1.49) 0.445 

Notes: AUDIT-C=Alcohol Use Disorders Identification Test-Consumption; IRR = incidence rate ratio; CI = confidence interval 
a Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, and prior psychiatric diagnosis. 
b Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, prior psychiatric diagnosis, and AUDIT-C*gender interaction. 
c Model includes hazardous drinking status, gender, ethnicity, age, highest level of education, cohabitation status, children < 18 living in the home, past-year illicit 

drug use, prior psychiatric diagnosis, and AUDIT-C*age interaction. 
d Model includes hazardous drinking status, gender, ethnicity, age, any higher education, cohabitation status, children < 18 living in the home, past-year illicit drug 

use, prior psychiatric diagnosis, and AUDIT-C*any higher education interaction. 
e Individuals who were immigrants or who had two non-Danish-citizen parents. 
f High=higher education, Medium=Upper secondary education or vocational training, Low=compulsory education. 
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measures of alcohol use and questions on predefined alcohol-related 
consequences (Gmel et al., 2010, 2000). That is, survey respondents 
are most often presented with questions about the experience of violence 
as alcohol-related. However, in the present study, the measurement of 
the outcome variable was independent of the measurement of alcohol 
use. Thus, our analysis has been able to establish a statistically signifi-
cant non-biased link that contributes more evidence to this association. 

It should also be noted that we found independently significant ef-
fects for age and educational attainment. These findings support previ-
ous Danish register-based studies showing that younger people (Seid 
et al., 2021) and those with lower SES (Kruse et al., 2010; Murphy et al., 
2019; Seid et al., 2021) experience greater risk of violence victimization. 

Gender moderated the effect of AUDIT-C score on violence hospi-
talization. Predictive margins showed a dose-response of total AUDIT-C 
score for men but not for women. Other studies have found that 

compared to men, women are more likely to have been victimized in the 
home and by partners rather than by strangers (Hofner et al., 2005; 
Tingne et al., 2014; Wright and Kariya, 1997). Thus, the finding from 
our study may be explained by considering gender differences in terms 
of the likely perpetrator and settings of incidents of violence that may 
result in hospital contact. One possible interpretation is that the type of 
alcohol-related violent victimization that might best be captured by 
hospital registers comprises incidents occurring in public and outside of 
an intimate relationship, such as episodes taking place in drinking es-
tablishments, like bars and pubs – locations which have previously been 
tied to an increased risk for violence (Graham and Homel, 2008). In-
cidents that occur in such public settings are more likely to be witnessed, 
perhaps by police or bystanders, and thus the victims may be more likely 
to be seen in an acute hospital setting. 

Gender differences were particularly evident for AUDIT-C scores at 
the high end of the spectrum, which could explain why the interaction 
effect was not observed when the dichotomous indicator was used. 
Analysis of the individual AUDIT-C items gives further insight into the 
observed gender differences. Women who reported no drinking in the 
last year had the highest predicted number of events. As drinking is 
largely a social activity in Denmark (Grønkjær et al., 2010), perhaps this 
finding reflects that women who abstain do so because they are socially 
isolated, and thus they may be at greater risk for experiencing violence, 
possibly by their partner (Mojahed et al., 2021). 

We did not find support for an interaction between hazardous 
drinking and SES in this study, although both variables had significant 
main effects on hospitalizations for violence. This was an unexpected 
finding, since the evidence of an interaction between drinking and SES 
for other health outcomes is otherwise quite robust (Katikireddi et al., 
2017; Mäkelä and Paljärvi, 2008; Probst et al., 2014). In all likelihood, 
we were unable to include some of the most vulnerable people, such as 
homeless people and those with the most serious alcohol problems, who 
ostensibly would be at high risk of violent victimization. However, even 
given this reservation, it appears that at the general population level, the 
link between hazardous drinking and violent victimization is not spe-
cifically limited to those with low SES in Denmark. 

Fig. 1. Predictive margins by gender (95% CIs) for the interaction between 
gender and AUDIT-C total score (0–12 points). Fig. 1 shows the predictive 
margins by gender and AUDIT-C score with 95% CIs. The predicted number of 
hospital admissions for violence at each combination of gender and AUDIT-C 
score are plotted. Notes: AUDIT-C=Alcohol Use Disorders Identification Test- 
Consumption; CI = confidence interval. 

Fig. 2. Predictive margins by gender (95% CIs) 
for the interaction between gender and AUDIT- 
C individual item scores. Fig. 2 shows the pre-
dictive margins with 95% CIs for the in-
teractions of gender and the individual AUDIT- 
C item scores. The predicted number of hospital 
admissions for violence at each combination of 
gender and the scores for each AUDIT-C item 
are plotted. Item 1 (left) measures frequency (i. 
e., how often the respondent had a drink con-
taining alcohol); item 2 (in middle) measures 
quantity (i.e., how many drinks the respondent 
had on a typical day when they were drinking); 
and item 3 (right) measures frequency of heavy 
episodic drinking (i.e., how often the respon-
dent had five or more drinks [one drink=12 g 
pure alcohol] on one occasion). Notes: AUDIT- 
C=Alcohol Use Disorders Identification Test- 
Consumption; CI = confidence interval. For 
item 1, 0: never; 1: ≤ monthly; 2: 2–4 times per 
month; 3: 2–3 times per week; 4: ≥ 4 times per 
week. For item 2, 0: 1–2; 1: 3–4; 2: 5–6; 3: 7–9 
or 4: ≥ 10. For item 3, 0: never; 1: < monthly; 
2: monthly; 3: weekly; 4: daily or almost daily.   
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4.1. Strengths and limitations 

One of the strengths of this study is that it uses both survey and 
register-based data. General-population-based survey measures of 
alcohol use are apt because they contain information on level and 
pattern of drinking. Another advantage of survey data is that the alcohol 
use measure does not require a treatment episode or other severe event, 
such as an arrest or health-related harm, in order to be recorded; 
therefore, surveys are able to capture sub-clinical problematic drinking 
(Brummer et al., 2021). Thus, the present study had the benefit of being 
able to detect individuals with hazardous drinking that is evident in 
survey responses but which may not be so severe that such individuals 
appear in administrative datasets (Haeny et al., 2018). Register data 
have the advantage of near full population coverage over long periods 
(Thygesen and Ersbøll, 2014). Combining survey-based measures of 
alcohol exposure and register-based outcomes reduces bias due to 
common methods variance (Podsakoff et al., 2003), since the observed 
covariation between exposure and outcome is not attributed to the same 
method being used to measure both variables. 

However, there are several limitations of the current study which 
should be considered. First, because hospital registers likely only iden-
tify the most severe instances of violence (Kruse et al., 2010), many 
incidents may not be captured in this study. Second, our choice of 
follow-up time was largely practical, as this was the longest period for 
which hospital data were available. Since the outcome was quite rare, 
we determined that this eight-year period would be sufficient to conduct 
meaningful analyses. However, it would be worthwhile to investigate 
this relationship between drinking and hospitalization for violence in 
future studies that include a longer follow-up period, as well as in studies 
with a larger number of participants that could assess a shorter 
follow-up period to identify more proximal relationships. 

A third limitation is that the singular exposure measurement and 
long follow-up period present some challenges for establishing a causal 
link between hazardous drinking and violence victimization. When 
alcohol is investigated for its role in risk of violence victimization and 
injuries more generally, it typically is operationalized as either an acute 
or chronic exposure (Taylor et al., 2010; Vinson et al., 2003). Acute 
exposure refers to drinking that directly precedes the victimization. One 
interpretation of the relationship between drinking and violence 
victimization is that intoxication alters an individual’s behavior in ways 
that may increase the risk for victimization. Intoxicated persons may be 
perceived as “easy targets,” viewed as irritating or offensive to others, or 
be less able to read and impart cues during interactions (MacCoun et al., 
2003). In the present study, however, we had no information on the 
respondent’s alcohol use at the time of the violent event resulting in 
hospital admission. Further, we used an indicator of hazardous drinking 
drawn from self-reported behavior over a one-year period. It may be that 
this represents a chronic, relatively stable exposure and that similar 
drinking habits persisted over the eight-year follow-up period. The ev-
idence on stability of drinking behaviors is mixed, though, and depends 
on length of time considered, the particular drinking indicator, and the 
specific subgroup, based on age group, gender, and baseline drinking 
status (Kerr et al., 2002; Knott et al., 2018). Our ability either to 
establish hazardous drinking status as a stable exposure or to link our 
indicator of hazardous drinking and hospitalizations more proximally 
would be enhanced had we been able to include repeated exposure 
measures for our cohort or results of blood alcohol concentration anal-
ysis at the time of the hospital admission. 

There are other possible explanations for an observed relationship 
between hazardous drinking and violence victimization beyond the 
psychopharmacological effects of intoxication. There may be some fac-
tors that underlie both alcohol consumption and violent victimization, 
such as poor impulse control. Furthermore, those with chronic hazard-
ous drinking patterns may spend more time in high-risk drinking envi-
ronments, like bars and nightclubs, and may have more contact with 
individuals who are at higher risk of perpetrating violence. This type of 

explanation falls under the category of lifestyle theories of victimization 
and emphasizes that engaging in certain behaviors increases one’s 
exposure to risky times, places and people, which, in turn, increases the 
probability of experiencing victimization (Pratt and Turanovic, 2016). 
However, while such factors may be confounders, there is also the 
possibility that they mediate the relationship between drinking and 
victimization (Taylor et al., 2010). For instance, in the case of low 
self-control, it could be that hazardous drinking increases impulsivity, 
which then increases the risk of victimization (Turanovic et al., 2015). 

5. Conclusions 

We found that hazardous drinking is associated with future hospi-
talizations for violence among the general population in Denmark and 
that gender moderates the effect of an increasing AUDIT-C score on 
victimization. By linking survey data on alcohol use and administrative 
data on hospital admissions for violence, this study applies a novel 
approach and contributes to the diverse and growing body of evidence 
on the relationship between hazardous drinking and risk of violence 
victimization. Future research could examine more closely the direct 
psychopharmacological effects of alcohol, consider unmeasured con-
founders, as well as the causal pathways through which heavy drinking 
indirectly increases the risk of violence victimization. 
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