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Abstract

Aim This study examined data from a representative sample of Tuscan residents aged 18-69 years in order to investigate
the relationship between health literacy (HL), other sociodemographic factors, and their influence on binge and consistent
heavy drinking among the general population in Tuscany.

Subject and methods The study examined data gathered from 2017 to 2022 from a subset of the Tuscan population within the
Italian Behavioral Risk Factor Surveillance System known as PASSI (Progressi delle Aziende Sanitarie per la Salute in Italia).
Results Among the 12,953 respondents, 8.49% reported engaging in binge drinking, and 3.53% were classified as consist-
ent heavy drinkers. Multivariate logistic regression analysis revealed that participants over 34 years of age, Italians, those
with low educational attainment, and those with problematic or inadequate HL levels had higher odds of consistent heavy
alcohol consumption. In contrast, females, individuals over 34 years of age, and those of foreign nationality were less likely
to engage in binge drinking. While low health literacy was independently associated with consistent heavy drinking, it was
not associated with binge drinking.

Conclusion This study reveals distinct factors influencing alcohol consumption. Given that HL affects only consistent heavy
drinking, it is advisable for policymakers to focus on HL initiatives tailored to this specific group. On the other hand, cam-
paigns designed to enhance HL with the goal of curbing binge drinking are unlikely to significantly influence the population.

Keywords Health literacy - Alcohol - Binge drinking - Heavy drinking - Cross-sectional survey

Introduction

Alcohol (ethanol) is a psychoactive substance with seda-
tive properties, and its consumption is a socially accepted
practice and culturally incorporated as part of social inter-
actions, especially in Italy. However, alcohol represents one
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of the most significant modifiable risk factors for public
health worldwide (WHO 2024). It is classified by the Inter-
national Agency for Research on Cancer as a carcinogenic
substance for humans, emphasizing that there is no safe
threshold below which health risks are eliminated (Anderson
et al. 2023). Moreover, certain consumption patterns such as
episodic consumption of large quantities of alcohol (binge
drinking) and consistent high levels of regular alcohol intake
have been identified as major health risk factors. In fact,
these patterns of consumption are associated with a wide
range of physical, mental, and social harms and contribute
substantially to the global burden of disease (Rehm & Shield
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2019; Schuckit 2009; CDC 2025; Gilmore et al. 2016). The
World Health Organization (WHO) estimates that alcohol
is responsible for approximately 3 million deaths annually,
accounting for 4.7% of all causes of death (WHO 2024).
Given these serious consequences, preventing and reducing
excessive alcohol consumption is a public health priority.
Health literacy (HL) could play a crucial role in achieving
a reduction in alcohol consumption across the population.
Defined as the personal knowledge and competencies that
enable people to access, understand, appraise and use infor-
mation and services to promote and maintain good health
(WHO 2021), HL is considered an important determinant
of health (Nutbeam and Lloyd 2021), and it is associated
with disease knowledge, disease management, health out-
comes, and healthcare costs (Berkman et al. 2011; Stielke
et al. 2019). Furthermore, high HL levels are positively asso-
ciated with healthy behaviors such as physical activity and
fruit and vegetable consumption (Liu et al. 2015; Lee et al.
2010; Zanobini et al. 2021; Buja et al. 2020), while they are
negatively associated with unhealthy behaviors, particularly
smoking (Jayasinghe et al. 2016; Stewart et al. 2013).

The relationship between HL and alcohol consumption
remains unclear in the literature. While some studies have
found that low HL is associated with higher daily alcohol
consumption in adolescents, adults, and the elderly (Liu
et al. 2015; Adams et al. 2013), other studies have identified
an association between high HL levels and increased alco-
hol consumption in adolescents and young adults (Chisolm
et al. 2014; Dermota et al. 2013). Furthermore, research sug-
gests that different components of HL (“understanding” and
“applying” versus “finding” health-related information) can
induce different effects on alcohol use (Brandt et al. 2019).

This study aimed to investigate the relationship between
HL, other sociodemographic determinants, and their influ-
ence on consistent heavy and binge alcohol consumption
among the general population aged 18—69 in Tuscany. Data
were drawn from the Italian behavioral risk factor surveil-
lance system, known as PASSI (Progressi delle Aziende
Sanitarie per la Salute in Italia).

Materials and methods

Since 2008, Italy has maintained a surveillance system,
PASSI, promoted by the Ministry of Health and coordi-
nated by the National Institute for Health (Istituto Superiore
di Sanita - ISS), to monitor the health status of the adult
population (18-69 years) and the behavioral risk factors—
including alcohol consumption—related to chronic and pre-
ventable diseases. This system aims to collect valuable data
for planning and evaluating prevention and health promotion
interventions. The goals of the system are to monitor risk
factors for chronic diseases (smoking, alcohol consumption,
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physical activity, nutrition, etc.); assess the prevalence of
preventive health practices (cancer screening, vaccinations,
blood pressure and blood glucose measurements, etc.);
measure the impact of local health interventions, providing
data that can help improve public health services; and pro-
mote the adoption of healthy behaviors by monitoring and
evaluating the effectiveness of information and awareness
campaigns.

Study population, sampling criteria,
and data collection

This study was conducted among a representative sample
of the Tuscan population extracted from the PASSI sur-
veillance system between 2017 and 2022. Data from 2020
and 2021 were excluded due to the COVID-19 pandemic
and lockdown policies adopted in Italy during these 2 years,
which may have influenced people’s health behaviors, par-
ticularly alcohol consumption. The sample was selected each
month by random sampling of residents aged 18-69, strati-
fied by sex and age in proportion to the size of each stra-
tum in the general population, from each Local Health Unit
(LHU) participating in PASSI. Exclusion criteria included
the unavailability of a telephone number, inability to speak
Italian or to participate in the interview, and hospitalization
or institutionalization during the survey period.

Data were collected by trained staff from the public health
departments of each LHU using computer-assisted telephone
interviewing (CATTI). Telephone numbers of the extracted
participants were obtained from the registry list, from tele-
phone directories, or through self-contact with the participants
who called to schedule after receiving a notification letter.

The questionnaire comprises 114 questions structured
into 12 modules, addressing key areas such as self-perceived
health, behavioral risk factors—including diet, physical
activity, smoking, and alcohol use—the utilization of pre-
ventive healthcare services, and compliance with essential
preventive measures such as cancer screening and vacci-
nations. In Tuscany, a dedicated module for assessing HL.
was introduced and has been in use since 2017 (Zanobini
et al. 2021). HL data were therefore available for all sur-
vey years included in the present analysis (2017-2019 and
2022). Additional information on the survey methodology,
sampling process, and PASSI questionnaire content is avail-
able in previous studies (Baldissera et al. 2011, 2014). This
research was conducted in compliance with the principles of
the Declaration of Helsinki and as part of the PASSI Italian
healthcare surveillance system. The Ethics Committee of
the Italian National Institute of Health (Istituto Superiore
di Sanita) reviewed and approved the ethical aspects of the
PASSI behavioral surveillance system, under protocol num-
ber CE-ISS 06/158, dated March 8, 2007.
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Measures

The sociodemographic variables examined were sex (male
and female), age group (18-34, 35-49, and 50-69 years),
education level (classified as “low” for individuals with
an intermediate school diploma or lower, and “high” for
those with a high school diploma or higher), employment
status (employed, retired, or unemployed), and nationality
(Italian or foreign). Financial status was assessed based
on respondents’ self-reported ability to make ends meet.
Responses were grouped into two categories: “good”
(“very easily” or “quite easily”) and “poor” (“with some
difficulties” or “with many difficulties”). Additionally, the
study analyzed two patterns of alcohol consumption: con-
sistent heavy drinking and binge drinking. Alcohol con-
sumption behavior was based on the number of alcoholic
units (one unit is equal to 12 g of ethanol consumed).
Alcohol consumers were defined as individuals who
had consumed at least one alcoholic unit in the past 30
days. Consistent heavy drinking was defined as consum-
ing an average of more than two alcoholic units per day
(i.e., more than 60 units in the last 30 days) for males
and an average of more than one alcoholic unit per day
(i.e., more than 30 units in the last 30 days) for females;
binge drinking was defined as consuming at least five alco-
holic units on a single occasion for males or four units for
females. HL was assessed using the Italian version of the
six-item European Health Literacy Survey Questionnaire
(HLS-EU-Q6), a short form of the 47-item HLS-EU-Q47
(Sgrensen et al. 2013), validated by Lorini et al. (2019).
Responses were self-reported on a Likert scale, and the
final score, averaging the item scores, ranged from 1 to
4. Only participants who responded to at least five items
were included in the analysis. Based on the final score,
three levels of HL were identified: inadequate HL (score
of 1 to 2), problematic HL (score above 2 to below 3), and
sufficient HL (score of 3 to 4). Among 12,953 respond-
ents aged 18-69 years, HL information was available for
12,044 individuals (93.0%), while 909 (7.0%) had missing
HL data. Participants with missing HL information were
excluded from analyses involving HL.

Statistical analysis

Weighted percentage estimates were calculated by assigning
each record a probability weight equal to the reciprocal of
the sampling fraction within each LHU stratum, as described
by Baldissera et al. (2014). We used the standard survey
weights provided by PASSI, which already account for the
complex sampling design and overall survey nonresponse;
no additional re-weighting was performed specifically for
HL missing data.

Multivariate logistic regression analyses were performed
to examine the association between alcohol consumption,
HL level, and sociodemographic factors. Two models were
developed: the first with binge drinking as the dependent
variable and the second with consistent heavy drinking as
the dependent variable. A backward selection (starting with
all sociodemographic covariates) was performed with a sig-
nificance level of a = 0.10 for staying in the model; all fac-
tors significant at p < 0.10 were retained in the final model.
The goodness of fit of the final logistic regression model
was assessed using the Hosmer-Lemeshow test. Potential
multicollinearity between predictors in the full models was
assessed by examining correlation matrices and variance
inflation factors; all variance inflation factors were well
below 2, indicating no relevant multicollinearity problems.

All confidence intervals (CI) were calculated at the 95%
confidence level, and an alpha level of 0.05 was considered
significant.

Statistical analyses and figures (forest plots) were
produced using Stata version 19 (StataCorp LLC, College
Station, TX, USA).

Results

In the sample of 12,953 respondents residing in Tuscany,
the majority were aged 50-69 years (42.78%, 95% CI
42.25-43.32), had a high level of education (70.08%, 95%
CI 69.28-70.87), had good financial status (59.94%, 95%
CI 59.05-60.82), were of Italian nationality (92.75%, 95%
CI 92.27-93.21), had a sufficient HL level (61.94%, 95%
CI 61.03-62.84), and were employed (66.78%, 95% CI
65.98-67.58). Overall, 3.53% (95% CI 3.21-3.88) reported
consistent heavy alcohol consumption, and 8.49% (95%
CI 7.98-9.02) engaged in binge drinking behaviors (see
Table 1).

Binge drinking was more prevalent among individuals
aged 18-34 years (12.88%, 95% CI 11.68-14.18), males
(10.82%, 95% CI 10.01-11.69), employed individuals
(9.29%, 95% CI 8.65-9.98), those with a higher educational
level (9%, 95% CI 8.38-9.66), and those of Italian nationality
(8.64%,95% CI 8.11-9.19).

Consistent heavy drinking was more prevalent among
older adults aged 50-69 years (4.84%, 95% CI 4.27-5.48),
those with a low education level (4.85%, 95% C1 4.18-5.61),
those with a poor financial status (3.88%, 95% CI 3.36-4.48),
and those with an inadequate HL level (5.32%, 95% CI
4.15-6.80) (see Table 2).

In the multivariate logistic regression model, age,
nationality, and HL levels were significantly associated
with consistent heavy alcohol consumption. Specifically,
respondents aged 50—-69 and those with problematic (OR
= 1.66, p < 0.001) or inadequate (OR = 2.14, p < 0.001)
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Table 1 Sociodemographic
characteristics, financial status,
occupation, health literacy level,
and alcohol-related behaviors
(binge drinking and consistent
heavy drinking) in the study
sample (Italian adults aged
18-69 years; N = 12,953)

Table 2 Prevalence (%) and
95% confidence intervals

of binge drinking and
consistent heavy drinking

by sociodemographic
characteristics and health
literacy level among Italian
adults aged 18-69 years; N =
12,953

Total % (N = 12,953)

% 95% CI
Age (years) 18-34 24.59 24.13-25.06
35-49 32.63 32.13-33.13
50-69 42.78 42.25-43.32
Sex Male 49.38 48.84-49.91
Female 50.62 50.09-51.16
Education level Low 29.92 29.13-30.72
High 70.08 69.28-70.87
Nationality Italian 92.75 92.27-93.21
Foreign 7.25 6.79-1.73
Financial status Good 59.94 59.05-60.82
Poor 40.06 39.18-40.95
Occupation Employed 66.78 65.98-67.58
Not employed 6.72 6.3-7.17
Retired 26.49 25.75-27.25
Health literacy level Sufficient 61.94 61.03-62.84
Problematic 26.82 26.01-27.65
Inadequate 11.24 10.65-11.86
Consistent heavy drinking Consistent heavy drinkers 3.53 3.21-3.88
Not consistent heavy drinkers 96.47 96.12-96.79
Binge drinking Binge drinkers 8.49 7.98-9.02
Not binge drinkers 91.51 90.98-92.02

Binge drinkers (% = 8.49)

Consistent heavy
drinkers (% = 3.53)

% 95% CI % 95% CI
Age (years) 18-34 12.88 11.68-14.18 1.98 1.54-2.55
3549 8.23 7.38-9.16 297 2.49-3.53
50-69 6.16 5.51-6.89 4.84 4.27-5.48
Sex Male 10.82 10.01-11.69 3.56 3.10-4.07
Female 6.24 5.66-6.87 3.50 3.07-3.99
Education level Low 7.29 6.46-8.22 4.85 4.18-5.61
High 9.00 8.38-9.66 2.97 2.63-3.36
Nationality Italian 8.64 8.11-9.19 3.62 3.28-3.99
Foreign 6.47 4.94-8.43 2.49 1.63-3.78
Financial status Good 8.84 8.17-9.55 3.00 2.63-3.42
Poor 8.12 7.35-8.96 3.88 3.36-4.48
Occupation Employed 9.29 8.65-9.98 3.48 3.10-3.91
Not employed 8.84 7.05-11.04 2.99 1.99-4.47
Retired 6.36 5.55-7.28 3.78 3.17-4.50
Health literacy level Sufficient 8.79 8.14-9.49 2.56 2.22-2.96
Problematic 8.45 7.48-9.54 4.67 3.97-5.50
Inadequate 6.99 5.61-8.67 5.32 4.15-6.80

HL levels were more likely to be consistent heavy drink-
ers. Conversely, having a foreign nationality was negatively
associated (OR = 0.50, p = 0.013) with consistent heavy
alcohol consumption. After backward elimination, age,
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nationality, education level, and HL were significant pre-
dictors of consistent heavy drinking (Hosmer-Lemeshow
test p = 0.462) (see Fig, 1 and Table 1 in the Supplemen-

tary Material).
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Fig. 1 Adjusted odds ratios (95% confidence intervals) for consist-
ent heavy drinking by age group, education level, nationality, and
health literacy level. Survey-weighted logistic regression model, Ital-

Binge drinking behavior appeared to be influenced by
age, sex, nationality, and employment status. Individu-
als aged 35-49 years (OR = 0.56, p < 0.001) and 50-69
years (OR = 0.43, p < 0.001), females (OR = 0.57, p <
0.001), foreign citizens (OR = 0.64, p = 0.010), and retired
individuals (OR = 0.74, p = 0.001) were significantly less
likely to engage in binge drinking. HL levels did not appear
to influence the likelihood of binge drinking. After back-
ward elimination, age, sex, nationality, and occupation were
identified as significant predictors of binge drinking (Hos-
mer—Lemeshow test p = 0.601) (see Fig. 2 and Table 2 in
the Supplementary Material)

Discussion

Our study aimed to investigate the determinants of risky
alcohol consumption behaviors (consistent heavy alcohol
consumption and binge drinking), with a particular focus on
the role of HL. In this large, representative sample of Tuscan
adults, risky alcohol consumption was not rare: binge drink-
ing and consistent heavy drinking affected a non-negligible
proportion of the population. The two drinking patterns
showed partly distinct determinants. Lower HL and lower

ian adults aged 18—69 years (N = 12,044). Reference categories: age
18-34 years, low education, Italian citizenship, sufficient health lit-
eracy (HL)

education were independently associated with consistent
heavy drinking, whereas binge drinking was more frequent
among younger men, Italians, and employed individuals, and
was not related to HL.

Surprisingly, low HL, which is a predictor of differ-
ent unhealthy behaviors (Jayasinghe et al. 2016; Stewart
et al. 2013), was associated with consistent heavy alcohol
consumption but not with binge drinking. Specifically,
having problematic or inadequate HL levels increased the
likelihood of regularly consuming high amounts of alcohol
but did not appear to influence binge drinking behaviors.
These findings align with studies indicating that low HL
levels are associated with high daily alcohol consumption
(Liu et al. 2015; Adams et al. 2013; Lincoln et al. 2006)
and may help explain why other studies focusing on young
adults—who typically engage in binge drinking—found
no association with HL (Chisolm et al. 2014; Dermota
et al. 2013).

This differential association can be interpreted in light of
dual-process models of alcohol use, which posit that drink-
ing behavior results from the interplay between reflective
processes, involving deliberate risk evaluation and self-reg-
ulation, and impulsive, affect-driven processes that are more
sensitive to cues and social influences (Stacy and Wiers
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Reference categories: age 18-34 years, male sex, Italian citizenship, employed

Fig.2 Adjusted odds ratios (95% confidence intervals) for binge
drinking by age group, sex, nationality, and employment status. Sur-
vey-weighted logistic regression model, Italian adults aged 18-69

2010; Wiers and Stacy 2006; Rooke et al. 2011). General
HL, as captured by the HLS-EU-Q6, reflects reflective skills
that facilitate the understanding and appraisal of cumulative
health risks and the regulation of habits over time. These
skills are likely to be relevant to decisions about maintaining
or reducing a consistently high level of alcohol intake, when
health risks clearly outweigh potential social benefits, in line
with health behavior and risk perception models such as the
Health Belief Model and the Theory of Planned Behavior
(Rosenstock 1974; Ajzen 1991). By contrast, binge drinking
is typically an episodic, socially driven behavior occurring in
contexts characterized by strong peer norms, positive alco-
hol expectancies, and immediate emotional rewards. Differ-
ent levels of HL may lead to different cognitive appraisals of
risk in such situations, but perceived social and emotional
benefits may still dominate over health concerns and lead
to similar binge-drinking behaviors. HL may thus play a
stronger role in shaping long-term, self-regulated patterns of
drinking than in preventing occasional binge episodes. Our
findings can also be viewed within the broader European
context. In the international Health Literacy Survey 2019-
2021 (HLS,y), higher general HL was associated with more
favorable alcohol consumption patterns in only a subset of
participating countries, and the magnitude and significance
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years (N = 12,044). Reference categories: age 18-34 years, male sex,
Italian citizenship, employed

of this association varied considerably across settings (The
HLS19 Consortium of the WHO Action Network M-POHL
2021). This suggests that the impact of HL on alcohol use is
context-dependent and may differ according to how alcohol
consumption is measured and which drinking patterns are
considered. Our results are consistent with this heterogene-
ity, showing that HL is related to consistent heavy drinking
but not to binge drinking in our regional context, and under-
line the importance of distinguishing between different risky
drinking patterns when examining the role of HL. The same
considerations apply to educational level, as lower education
is significantly associated with consistent heavy drinking but
not with binge drinking.

Regarding gender differences, our results confirm that
women are less likely than men to engage in binge drink-
ing, whereas the gender gap is less pronounced for consist-
ent heavy alcohol consumption. This pattern is consistent
with evidence that women generally drink less than men
(Stokkeland et al. 2008; Wilsnack et al. 1994) and can be
partly explained by their greater physiological sensitivity
to alcohol and higher susceptibility to its toxic effects (Ely
et al. 1999; Nolen-Hoeksema and Hilt 2006).

In addition, binge drinking is a socially and physically
riskier behavior for women. Women often perceive stronger
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social sanctions against drinking than men (Nolen-Hoek-
sema and Hilt 2006; Gomberg 1988; Moinddini and Goel
2016), leading them to feel more stigmatized and reluctant
to engage in public drinking behaviors. Furthermore, women
are disproportionately victims of physical and sexual abuse,
and alcohol consumption increases their vulnerability to
such crimes (Giancola 2003; Giancola and Zeichner 1995).
This social and physical vulnerability likely contributes
to the lower prevalence of binge drinking among women,
which is typically more socially driven. In contrast, the gen-
der difference is less pronounced in high regular alcohol
consumption, which is less influenced by social contexts or
public gatherings.

Compared to Italians, foreigners are less likely to con-
sume alcohol, both regular and binge drinking. This may
be due to cultural, religious, and biological differences.
For instance, studies have shown how the ALDH?2 genetic
variant, common in East Asian populations, impairs alcohol
metabolism, leading to adverse physical reactions and reduc-
ing the propensity to consume alcohol (Nakano et al. 2016,
Liao et al. 2021). Additionally, in Italy, drinking is deeply
integrated into the social and gastronomic life of the country,
making it a prominent part of every individual’s life.

Our results showed that workers are more likely to engage
in binge drinking behaviors than retirees. This could be
explained by work-related stressors, which increase the use
and abuse of alcohol among workers, often as a maladaptive
coping strategy (Colell et al. 2014). Other studies have also
found increased alcohol consumption in workers relative to
nonworkers, leading to the conclusion that this phenomenon
results from the effects of alienation and work-related stress
(Frone 1999). Another contributing factor could be related
to the job performance required in the workplace, which may
be incompatible with alcohol consumption during working
hours. Therefore, employed individuals are more likely to
drink on weekends, when they have the opportunity to rest
afterward. Lastly, as previously mentioned, binge drinking
occurs more frequently in social contexts. It is therefore pos-
sible to assume that social occasions are more common for
working individuals than for retirees, providing them with
more opportunities to engage in this behavior.

Another factor strongly correlated with alcohol con-
sumption is age: while binge drinking is more common
among younger adults, older respondents report a higher
prevalence of consistent heavy drinking. This trend has
also been observed in other studies where older adults
regularly consumed more alcohol than younger individuals
(Veerbeek et al. 2019; Moos et al. 2009; Knott et al. 2013).
The prevalence of consistent heavy alcohol consumption
in older adults may be explained by the fact that binge
drinking, common in youth, can become a risk factor for
the development of high regular alcohol consumption over
time (Tavolacci et al. 2019); the development of alcohol

dependence typically takes longer than for other psycho-
active substances, as alcoholism often manifests through a
gradual accumulation of problem drinking behaviors and
psychological adaptations, leading to the development of
dependence in adulthood or later. Furthermore, from a bio-
logical perspective, older individuals seem to experience
a more rapid onset of alcohol withdrawal symptoms than
younger individuals, resulting in more frequent and higher
consumption (Shaw et al. 2011).

To the best of our knowledge, this is the first study to
investigate the effect of HL on alcohol consumption in a
large and representative sample, while also distinguishing
between those who engage in binge drinking and those who
engage in heavy regular drinking. Among the limitations of
our study, one is related to the sample selection: the PASSI
system does not include the population over the age of 69,
and the foreign population is highly selective, as only those
with residence in the territory and able to speak Italian are
included. This exclusion of older adults and non-Italian
speakers is a potential source of selection bias, because these
groups may have different levels of HL and different alcohol
use patterns compared with the rest of the population. As
a consequence, our findings cannot be generalized to the
oldest age groups and to minorities with language barriers,
and the prevalence of risky drinking and the strength of the
associations observed in our study may underestimate the
burden and inequalities in these groups. Another limitation
is that alcohol consumption was self-reported. Self-reported
measures of alcohol use are prone to recall errors and social
desirability bias, and are likely to underestimate the true
level of consumption and the prevalence of risky drinking
patterns. As a consequence, the absolute prevalence esti-
mates reported in this study may be conservative.

Moreover, the decision to exclude 2020-2021 data was
motivated by the profound disruption in daily life and health-
related behaviors caused by the COVID-19 pandemic and
related restrictions. European studies have shown that,
during the early phases of the pandemic, overall alcohol
consumption often decreased among many moderate drink-
ers, while some high-risk and vulnerable groups increased
their use and shifted towards drinking at home and in iso-
lation (Rehm et al. 2020). By excluding these 2 years, we
avoided conflating acute, context-specific changes driven
by lockdown measures with more stable drinking patterns;
however, our estimates cannot be extrapolated to the peak
pandemic period, when alcohol availability and psychoso-
cial stress were markedly different from usual conditions,
and the 2022 data already reflect a population that had lived
through 2 years of pandemic, in which persistent changes in
alcohol use and in the distribution of risk factors may have
influenced both prevalence and the observed associations
between HL and alcohol outcomes. Finally, causality can-
not be inferred from our cross-sectional data. Although we
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interpreted low HL as a potential risk factor for consistent
heavy drinking, reverse causality is also plausible: long-term
heavy alcohol use may impair cognitive and functional abili-
ties and negatively influence how people perceive and report
their HL. Longitudinal studies are needed to disentangle
these pathways.

Conclusion

In conclusion, our results suggest that HL and sociodemo-
graphic factors influence different alcohol consumption
behaviors. These results highlight the need for tailored inter-
ventions to reduce these risk behaviors. At the population
level, strategies to strengthen general HL and to improve the
clarity and accessibility of information on alcohol-related
risks may contribute to reducing habitual heavy drinking
in adults, whereas structural alcohol control policies (e.g.,
regulation of availability, pricing, and marketing) are likely
to be more relevant for preventing binge drinking, par-
ticularly among younger people. In addition, targeted HL-
sensitive interventions should focus on subgroups with low
education and low HL, who are at higher risk of consistent
heavy drinking—for example, through tailored counselling
and educational programs in primary care and commu-
nity settings. In a challenging period for healthcare system
sustainability, it is crucial to use economic resources effi-
ciently and target the appropriate populations with tailored
interventions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10389-026-02690-7.
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