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Abstract

Introduction: Studies investigating latent alcohol use
groups and transitions of these groups over time are scarce,
while such knowledge could facilitate efficient use of screen-
ing and preventive interventions for groups with a high risk
of problematic alcohol use. Therefore, the present study ex-
amines the characteristics, transitions, and long-term stabil-
ity of adult alcohol use groups and explores some of the pos-
sible predictors of the transitions. Methods: Data were used
from the baseline, 3-, 6-, and 9-year follow-up waves of the
Netherlands Mental Health Survey and Incidence Study-2
(NEMESIS-2), a representative study of Dutch adults aged
18-64 at baseline (N = 6,646; number of data points: 20,574).
Alcohol consumption, alcohol use disorder (AUD), and men-
tal disorders were assessed with the Composite Internation-
al Diagnostic Interview 3.0. Latent Markov Modelling was
used to identify latent groups based on high average alcohol
consumption (HAAC) and AUD and to determine transition
patterns of people between groups over time (stayers vs.
movers). Results: The best fitting model resulted in four la-

tent groups: one nonproblematic group (91%): no HAAC, no
AUD; and three problematic alcohol use groups (9%): HAAC,
no AUD (5%); no HAAC, often AUD (3%); and HAAC and AUD
(1%). HAAC, no AUD was associated with a high mean age (55
years) and low educational level (41%), and no HAAC, often
AUD with high proportions of males (78%) and people with
high educational level (46%). Eighty-seven percent of all re-
spondents — mostly people with no HAAC, no AUD - stayed
in their original group during the whole 9-year period.
Among movers, people in a problematic alcohol use group
(HAAC and/or AUD) mostly transitioned to another problem-
atic alcohol use group and not to the nonproblematic alco-
hol use group (no HAAC, no AUD). Explorative analyses sug-
gested that lack of physical activity possibly plays a role in
transitions both from and to problematic alcohol use groups
over time. Conclusion: The detection of three problematic
alcohol use groups - with transitions mostly between the
different problematic alcohol use groups and not to the
group without alcohol problems — points to the need to ex-
plicitly address both alcohol consumption and alcohol-relat-
ed problems (AUD criteria) in screening measures and inter-
ventions in order not to miss and to adequately treat all
problematic alcohol users. Moreover, explorative findings
suggest that prevention measures should also include phys-
ical activity. ©2022 5. Karger AG, Basel
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Introduction

Per capita alcohol consumption in Europe (including
the Netherlands) is the highest in the world [1] and the
reduction of excessive or problematic alcohol use is a pri-
ority of Dutch health policy [2], as the harmful effects are
evident. Problematic alcohol use is associated with a high
burden of disease [3], societal costs [3, 4], several acute
and chronic physical diseases [5], and increased mortal-
ity rates [6]. It occurs when there is (i) excessive drinking
(i.e., high average alcohol consumption or frequent heavy
drinking days [7]) or (ii) a maladaptive pattern of use
leading to significant impairment and distress (alcohol
use disorder: AUD). Research shows that both aspects of
problematic alcohol use - excessive drinking and AUD
— are related, but do not always co-occur [8-13]. Most
research has focused on only one of the two aspects of
problematic alcohol use or applied some theoretical defi-
nition of problematic alcohol use instead of using an em-
pirical definition based on, for example, latent class anal-
ysis. This is unfortunate as a latent variable approach us-
ing both aspects of problematic alcohol use enables the
detection of practically meaningful groups in the general
population [14]. In turn, better knowledge about latent
problematic alcohol use groups in the general population
may prevent a relevant group from being overlooked in
the screening and prevention of problematic use. Also,
each problematic alcohol use group may be associated
with their own characteristics and predictors of transi-
tions to other groups over time. They may therefore need
their own type of intervention to reduce specific types of
problematic behaviour.

Until now, only a few studies have examined latent al-
cohol use groups considering both excessive drinking and
alcohol-related problems. A longitudinal study among
adolescents with high-risk of familial alcoholism [15] de-
tected four latent groups, varying from abstainers to high-
risk drinkers, based on increasing levels of drinking and
AUD symptoms. No group with just one of the aspects
was identified. Two cross-sectional studies, among adult
workers and elderly, identified three latent groups: no
problematic alcohol use; excessive drinking only; and co-
occurrence of excessive drinking and alcohol-related
problems [16, 17]. Notably, none of these studies identi-
fied a group with AUD but without excessive drinking,
whereas previous population-based research using latent
cluster analyses suggested the existence of such a group as
they observed that notall alcohol-dependent people drink
excessively [13]. Possibly, prior research using latent class
analyses did not detect this group because they had rela-
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tively small and selective samples. This problem could be
resolved by applying the same technique to a general pop-
ulation sample with a large number of data points (large
sample with multiple assessments).

Overall, the proportion of people with excessive drink-
ing or AUD in the general population has remained stable
over the past decades [18-20]. However, shifts between
the groups may occur, and it is uncertain to which degree
this occurs and in which direction. Among adolescents
[15], transitions occurred most often in those with the
most severe state (high level of both consumption and
AUD symptoms) to the state with a moderate level of
both aspects, but not to the state with low alcohol use lev-
els or abstinence. Similarly, longitudinal population-
based research on adults suggested that 3-year transitions
from groups with DSM-5 AUD more often occur to ex-
cessive drinking only than to abstinence/low-risk-drink-
ing [21]. It can be questioned to what extent improve-
ment in AUD with continued excessive drinking is a de-
sirable outcome as this is still associated with considerable
health risks [3, 6, 7] and an increased risk of relapse into
AUD [22]. A focus on transition to a group without any
of the aspects of problematic alcohol use is therefore pref-
erable. Moreover, given that the overall size of problem-
atic alcohol use remains the same, it is also important to
examine who develops excessive drinking and/or AUD
among those without problematic alcohol use, i.e., not
only the development of AUD [23, 24].

By using Latent Markov Modelling on data from four
assessment waves (baseline, 3-, 6-, and 9-year follow-up) of
the Netherlands Mental Health Survey and Incidence
Study-2 (NEMESIS-2), a large, representative cohort of
adults, the present study fills two gaps in our current knowl-
edge. It will (i) identify latent groups of problematic alcohol
use in the adult general population while taking into ac-
count both excessive drinking and AUD, and (ii) examine
3-year transitions of identified latent groups between all
pairs of four consecutive waves and long-term stability (i.e.,
9 years) of these groups. Moreover, to improve the detec-
tion of the latent groups, we will characterize these groups
using a large range of covariates. Lastly, predictors of transi-
tions will be explored as this may help to tailor strategies to
those at highest risk of a poor outcome.

Materials and Methods

Study Design

Data were derived from four waves of NEMESIS-2, a prospec-
tive psychiatric epidemiological survey in the general Dutch popu-
lation. Baseline data (T;) were collected from November 2007 to
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July 2009. A multistage, stratified, random sampling procedure of
households was applied, with one respondent (aged 18-64), ran-
domly selected in each household, resulting in a total sample of
6,646 adults (response rate 65.1%; average interview duration: 95
min). The face-to-face interviews were computer-assisted and
were held at the respondent’s home. This sample was nationally
representative, although younger subjects were somewhat under-
represented [25].

All T respondents were approached for follow-up (T}), 3 years
after Ty. Of these, 5,303 persons were reinterviewed (response rate
80.4%; duration: 84 min). All T} respondents were approached for
a second follow-up (T,), 3 years after T'; 4,618 persons were rein-
terviewed (response rate 87.8%; duration: 83 min). At third follow-
up (T3), 3 years after T, 4,007 persons were reinterviewed (re-
sponse rate 87.7%; duration: 101 min). Attrition between T, and
T was not significantly associated with any 12-month mental dis-
order assessed in the study at T after controlling for sociodemo-
graphic characteristics [26].

The study was approved by a medical ethics committee. After
receiving information about the study aims, respondents provided
written informed consent at each wave. A more comprehensive
description of the design can be found elsewhere [25].

Diagnostic Instrument

The Composite International Diagnostic Interview (CIDI) 3.0
was used at all waves to determine alcohol consumption, AUD and
DSM-1V internalizing, and drug use disorders. The CIDI is a fully
structured, lay-administered interview developed by the WHO,
which is used worldwide. Clinical reappraisal interviews show that
it has generally good validity for assessing common mental disor-
ders [27].

Measures

Problematic Alcohol Use Characteristics

High Average Alcohol Consumption (HAAC). To determine ex-
cessive drinking, we focused on HAAC and not on frequent heavy
episodic drinking (HED), which is more youth-specific [9, 10]. Al-
cohol consumption was assessed with two CIDI questions focusing
on the past 12 months: “How often did you usually have at least 1
drink?” and “On the days you drank, about how many drinks did
you usually have per day?” Multiplying both answers resulted in a
quantity-frequency measure of drinks per week. This also yielded
a base for the cut-off for HAAC. HAAC was defined as consuming
>14 drinks (standard drink: about 10 g of pure alcohol) weekly for
women and >21 for men. This is in line with the Dutch definition
of HAAC [28] and this level exceeds most acknowledged low-risk
drinking guidelines [29, 30].

AUD. DSM-1V alcohol abuse and dependence symptoms were
assessed with the CIDI 3.0. Because this instrument also assessed
craving, all DSM-5 AUD symptoms were available. A symptom
count was generated as well as the presence of a 12-month DSM-5
diagnosis of AUD when at least two of the eleven symptoms were
reported, and the problems occurred in the past 12 months.

Weekly HED. Defined as consuming 5 or more drinks [31] at
least weekly in the past 12 months, in line with the Dutch defini-
tion of frequent HED [28], and assessed with the CIDI. Weekly
HED was not used to identify the latent states but was included as
covariate.

Transitions between Latent Alcohol Use
Groups

Sociodemographic and Other Characteristics

Most of these characteristics were measured at each wave, un-
less explicitly stated.

Sociodemographics. Sex, age, educational level (only assessed at
baseline [Ty] and Ts; baseline information was also used for edu-
cational level at T} and T), living without a partner, having no paid
job, and household income (only assessed at T, T, and T3, missing
at Tl)

Vulnerability Characteristics. Childhood psychological or
physical abuse (more than once) or sexual abuse (once or more)
before age 16 (only assessed at Tp; baseline information was used
at all follow-up waves) and number of negative life events in the
past 12 months (0-10; [32]).

Mental Health. Twelve-month DSM-IV internalizing disorder
(major depression, dysthymia, bipolar disorder, panic disorder,
agoraphobia, social phobia, specific phobia, generalized anxiety
disorder); 12-month DSM-IV drug use disorder (abuse or depen-
dence); and mental functioning (combined SF-36 scales: psycho-
logical health, psychological functioning, social functioning, and
vitality (0-100; [8, 33])).

Lifestyle. Smoking (in the past month) and physical exercise
(defined as weekly 21 h of physical exercise/sport in the past 12
months; assessed at Ty, T, and T, missing at Ty).

Physical Health. Body mass index (BMI; kg/m?), presence of >1
of 17 chronic somatic diseases treated or monitored by a medical
doctor in the past 12 months assessed with a standard checklist,
and physical functioning (combined SF-36 scales: general health,
physical health, physical functioning, and bodily pain (0-100; [8,
33))).

Statistical Analyses

To identify latent groups of alcohol use and transitions be-
tween groups over time, the present study used time-homoge-
neous Latent Markov Modelling (LMM). LMM uses data from all
waves at the same time to concurrently identify (a) latent states
showing distinct patterns of alcohol use while taking into account
both excessive drinking and AUD and (b) distinct patterns of
transitions represented in latent transition classes (N = 6,646; total
number of data points: 20,574). The analysis consisted of three
steps and the statistical programme Latent GOLD 5.1 was used
[34]. In the first step, models with an increasing number of latent
states and transition classes were explored and the best fitting
model was chosen. The selected model identified four latent states
with distinct patterns of alcohol use (see Table 1) and two spe-
cific types of transition classes, namely: “stayers” who remain in
their original state during all waves, and “movers” with probabil-
ities of a transition from one state to another between any of two
consecutive waves. Fit statistics and other considerations in the
model selection are described in the online supplementary mate-
rial (see www.karger.com/doi/10.1159/000526137).

In the second step, respondents belonging to different latent
states (data of all waves combined) were compared with respect to
various covariates measured at the same wave as the state, ie.,
problematic alcohol use characteristics and sociodemographics,
vulnerability, mental health, lifestyle, and physical health charac-
teristics. Simple bivariate analyses were performed in Latent
GOLD 5.1 (bias-adjusted three-step approach with Wald tests to
determine significant differences between states [p < 0.05]).

Finally, in the third step, “movers” with specific transitions be-
tween states were further examined. Using Stata 16.0, two overall
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Table 1. State indicators and problematic alcohol use characteristics for the total population and by latent state, in percentages or means

Total  States
1.No HAAC, 2. HAAC, 3. No HAAC, 4.HAAC Wald p value
no AUD, no AUD, often AUD, and AUD,
%/mean %/mean %/mean %/mean
State size, % - 91.2 5.0 2.8 1.0 - -
State indicators (dichotomous)
HAAC 55 0.6 80.8 0.1 97.6
AUD 25 0.5 6.0 36.1 81.3
Problematic alcohol use characteristics
Weekly drinks (mean), n 57 3.8 319 10.5 43.5 2,077.76  <0.001
AUD symptoms (mean), n 0.1 0.003 0.06 23 49 193.69 <0.001
Weekly HED 12.5 6.9 73.0 60.9 93.1 1,167.75 <0.001
AUD symptoms
Larger quantities or longer than intended 7.9 4.0 19.9 87.5 98.2 515.82 <0.001
Impaired control over use 2.1 0.3 57 34.1 65.1 359.77 <0.001
Great deal of time spent obtaining, using or recovering 1.2 0.4 13 17.2 4.4 380.82 <0.001
Failure to fulfil major role obligations 29 14 5.1 357 44.0 583.14 <0.001
Continued use despite social or interpersonal problems 0.9 0.3 2.3 8.5 21.2 246.22 <0.001
Important activities given up or reduced 0.9 0.2 0.6 14.5 325 247.07 <0.001
Hazardous use 4.2 2.2 8.5 46.4 511 568.76 <0.001
Use despite physical or psychological harm 1.0 0.2 24 134 36.4 283.10 <0.001
Tolerance 1.6 0.6 2.7 223 37.8 479.95 <0.001
Withdrawal 1.0 0.4 2.7 8.3 34.2 383.81 <0.001
Craving 1.8 0.5 5.2 20.6 51.6 456.92 <0.001

Total N = 6,646. Number data points: 20,574 (except number of weekly drinks with 20,539 data points and weekly HED with 20,569 data points).

transition patterns were constructed to ensure adequate power.
These patterns were defined based on a clear increase or decrease
of the problematic alcohol use, that is (a) development of problem-
atic alcohol use among those without problems at a prior wave and
(b) decrease of problematic alcohol use among those with the most
severe problems at a prior wave. We then explored whether so-
ciodemographic, lifestyle, vulnerability, mental and physical
health characteristics measured at the wave preceding the transi-
tion predicted these patterns using bivariate logistic regression
analyses (p < 0.05). To avoid discarding potentially interesting cor-
relations prematurely in these exploratory analyses (type-II er-
rors), no adjustments for multiple testing were made.

Results

Description of the Four Latent States

State 1 (no HAAC, no AUD) contained 91% of the pop-
ulation. The proportions of HAAC and AUD were both
very low in this state (each less than 1%; Table 1). Also,
people in this state reported the lowest number of weekly
drinks and AUD symptoms (on average 4 drinks and
0.003 symptoms, respectively) as well as a low rate of
weekly HED (7%) (see Table 1). State 2 (HAAC, no AUD)
was present in 5% of the population. A high proportion
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of respondents in this state reported HAAC (81%) and a
low proportion reported AUD (6%). On average they re-
ported 32 weekly drinks, almost no AUD symptoms
(0.06) and almost three quarters reported weekly HED
(73%). State 3 (no HAAC, often AUD) was present in 3%
of the population. In this state, no respondents reported
HAAC (0%) and a moderate proportion reported AUD
(36%) with the following AUD symptoms being most fre-
quently reported: large quantities or longer alcohol use
than intended (88%), hazardous use of alcohol (46%),
failures to fulfil major role obligations (36%), and im-
paired control over alcohol use (34%). They reported on
average 11 weekly drinks, 2.3 AUD symptoms and 61%
reported weekly HED. Finally, state 4 (HAAC and AUD)
was present in 1% of the population. Here, high propor-
tions of respondents reported HAAC (98%) and AUD
(81%) and in this state the highest number of weekly
drinks and AUD symptoms were reported (44 drinks and
4.9 symptoms, respectively) as well as a high rate of week-
ly HED (93%). Frequently reported symptoms were larg-
er quantities or longer than intended consumption (98%),
impaired control over use (65%), craving (52%), and haz-
ardous use (51%).
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Table 2. Sociodemographic and other characteristics for the total population and by latent state, in percentages or means

Total, States
%/mean 1.No HAAC, 2. HAAC, 3.No HAAC, 4, HAAC Wald p value
no AUD, no AUD, often AUD, and AUD,
%/mean %/mean %/mean %/mean

Sociodemographics
Male sex 447 429 56.4 78.2 61.8 47.20 <0.001
Age (mean) 48.52 48.59 54.52 36.45 44.50 148.87 <0.001
Educational level

Primary 43 4.4 4.4 1.9 6.2 36.06 <0.001

Lower secondary 26.2 26.0 36.4 13.7 30.5

Higher secondary 320 31.7 337 38.7 29.1

Higher professional, university 375 379 25.6 45.8 34.2
Living without a partner 29.2 27.3 40.0 594 69.9 98.73 <0.001
No paid job 29.2 28.7 425 19.0 349 41.77 <0.001
Income

Low 25.2 239 345 441 46.0 60.19 <0.001

Middle 41.9 42.3 433 30.7 28.7

High 329 338 22.2 253 253
Lifestyle
Smoking 25.7 23.1 53.0 504 54.8 191.02 <0.001
Physical exercise 61.3 61.9 46.8 69.9 50.1 35.68 <0.001
Vulnerability factors
Childhood abuse 28.6 27.4 37.8 44.0 53.2 38.12 <0.001
Negative life events (mean) 0.72 0.70 0.83 1.00 1.09 48.88 <0.001
Mental health
Internalizing disorder 10.8 10.0 12.6 24.8 437 129.98 <0.001
Drug use disorder 0.9 0.7 0.3 54 10.4 109.94 <0.001
Mental functioning (mean) 84.10 83.78 77.60 71.45 46.57 <0.001
Physical health
BMI 25.59 25.64 25.24 24.78 25.42 6.59 0.09
Somatic comorbidity 26.5 26.8 27.9 14.0 28.3 12.31 <0.01
Physical functioning (mean) 82.37 82.52 80.61 83.10 75.73 17.44 <0.001

Total N = 6,646. Number data points: HAAC = 20,539; household income = 14,051; smoking = 20,431; physical exercise = 13,892;
childhood abuse = 20,233; negative life events = 20,434; mental functioning = 20,57 1; BMI = 20,510; somatic comorbidity = 20,434; physical
functioning =20,573.For other characteristics, there are no missing data (i.e., 20,574 data points). HAAC, high average alcohol consumption;

AUD, DSM-5 alcohol use disorder.

The four latent states significantly differed on all co-
variates, except on BMI (Table 2). Members of the non-
problematic no HAAC, no AUD state were characterized
by the lowest proportion of males (43%) and living with-
out a partner (27%) and the members of this latent group
most often had a high income (34%). Members of the
HAACG, no AUD state had the highest mean age (55 years),
and most often reported a low educational level (41% pri-
mary or lower secondary) and having no paid job (43%).
Members of the no HAAC, often AUD state were most
often male (78%) and had a high educational level (46%).
They also had the lowest average age (36 years). Finally,

Transitions between Latent Alcohol Use
Groups

members of the most problematic HAAC and AUD state
most often lived without a partner (70%) and had the low-
est level of income (46%). They also frequently were male
(62%) and had no paid job (35%).

The no HAAC, no AUD state had the lowest propor-
tions of adults with unhealthy lifestyles, and vulnerability
and mental ill-health characteristics. On the other end of
the spectrum were adults with the HAAC and AUD state,
who had the highest proportions for most of these char-
acteristics as well as for physical ill-health. The two states
HAAC, no AUD and no HAAC, often AUD appeared to
be in the middle. The HAAC, no AUD state contained
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Table 3. Latent transitions between two consecutive waves for the mover class of the 4-state mover-stayer model

(%)

State at time T

State attime T+ 1

1. No HAAC, 2. HAAC, 3. No HAAC, 4, HAAC
no AUD no AUD often AUD and AUD
1.No HAAC, no AUD 83.7 14.6 0.3 1.5
2. HAAC, no AUD 49.0 43.4 7.3 0.3
3. No HAAC, often AUD 16.0 7.7 59.0 17.3
4, HAAC and AUD 10.8 24 49.0 379

HAAC, high average alcohol consumption; AUD, DSM-5 alcohol use disorder.

higher proportions of adults with unhealthy lifestyles and
physical ill-health than no HAAC, often AUD, but lower
proportions of adults with vulnerability and mental ill-
health characteristics.

Description of the Two Latent Transition Classes

The population was divided into two transition class-
es. Eighty-seven percent remained in their original state
during all waves (i.e., 9-year stability) and were called
“stayers,” 13% of the population were “movers.” Almost
all stayers (97%) were without problematic alcohol use
(no HAAC, no AUD).

As “movers” have a nonzero probability of transition
during any of the follow-up waves, increase, decline, and
stability between two consecutive waves can be observed
within the mover class. Table 3 shows transition proba-
bilities within this mover class between two consecutive
waves. The state without problematic alcohol use (no
HAAC, no AUD) was associated with the highest 3-year
stability (84% stayed in this non problematic alcohol use
group), whereas the most severe state (HAAC and AUD)
was associated with the lowest stability (38% stayed in this
most problematic alcohol use group). Yet, people from
this latter state mostly transitioned to another state of
problematic alcohol use (almost half to no HAAC, often
AUD) and quite rarely (11%) to the state of nonproblem-
atic alcohol use. Regarding people in the state HAAC, no
AUD, about half of them remained in this state or transi-
tioned to another problematic alcohol use state. People in
the state no HAAC, often AUD mainly remained in this
state (59%) or transitioned to another problematic alco-
hol use state, i.e., HAAC and AUD (17%).

Finally, we explored the predictive effect of many so-
ciodemographic, lifestyle, vulnerability, and mental and
physical health characteristics for transitions with a clear-
cut increase or decrease in problematic alcohol use (Ta-
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ble 4). First, transition from no HAAC, no AUD to any
other state, i.e., increased drinking and/or alcohol use
problems, was examined. This negative transition was
significantly associated only with lack of prior physical
exercise. Second, the transition from HAAC and AUD to
any other state, i.e., reduced drinking and/or alcohol use
problems was examined. This positive transition was sig-
nificantly associated with prior physical exercise and bet-
ter mental and physical functioning. Comorbid internal-
izing disorder and higher number of negative life events
lowered the odds of this positive transition.

Discussion

First, building on prior research [15-17], the present
population-based prospective study identified four mean-
ingful empirical groups using latent class analyses with
two aspects of problematic alcohol use: HAAC and AUD.
Second, thanks to the uniquely long follow-up period of
9 years [35], we were the first to demonstrate that the vast
majority of the population is long-term without problem-
atic alcohol use. Third, by examining a broader range of
characteristics than the more frequently included demo-
graphics (most frequently age and gender) and alcohol
characteristics [35] in previous research, we could point
to a possible role for psychical exercise and mental ill-
health in transitions toward problematic alcohol use.

At any time-point, 9% of the adults belonged to one of
three groups with some kind of problematic alcohol use,
including a no HAAC, often AUD group. This group was
not previously detected with latent class analyses in selec-
tive samples [15-17], but its presence was hypothesized
based on previous population-based findings showing
that not all people with alcohol dependence drink exces-
sively [13]. Further characterization of this group points
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Table 4. Sociodemographic and other characteristics associated with transitions with a clear increase or decrease
in problematic alcohol use examined with binary logistic regression analyses resulting in Odds Ratios (OR) with 95%

dl

Transition from state 1 (increase
of problematic alcohol use),
OR (95% ClI)

Transition from state 4 (reduction
of problematic alcohol use),
OR (95% Cl)

Sociodemographics

Male sex 0.85(0.58, 1.23) 0.96 (0.43, 2.13)
Age (mean) 1.00 (0.99, 1.02) 0.98 (0.96, 1.01)
Educational level

Primary Ref Ref

Lower secondary 0.93(0.35,2.51) 0.28(0.03, 2.82)

Higher secondary 0.74 (0.27,2.02) 0.50 (0.05, 4.98)

Higher professional, university 0.75(0.28, 2.02) 0.46 (0.05, 4.56)
Living without a partner 1.08 (0.72, 1.60) 0.65 (0.29, 1.48)
No paid job 1.05 (0.70, 1.57) 0.59(0.26, 1.34)
Income

Low Ref Ref

Middle 1.48 (0.83, 2.65) 1.11(0.39,3.14)

High 0.97 (0.51, 1.84) 1.49(0.42,5.19)
Lifestyle
Smoking 1.10(0.76, 1.61) 1.15(0.54,2.47)

Physical exercise

0.64* (0.41,0.99)

3.84*(1.24,11.87)

Vulnerability factors
Childhood abuse
Negative life events (mean)

1.18(0.78,1.77)
1.16 (0.97, 1.40)

0.63 (0.29, 1.35)
0.64* (0.45, 0.90)

Mental health

Internalizing disorder
Drug use disorder

Mental functioning (mean)

1.40(0.82, 2.39)
1.00 (1.00, 1.00)
1.00(0.98, 1.01)

0.30** (0.14, 0.67)
1.65(0.41, 6.60)
1.02*(1.00, 1.04)

Physical health

BMI

Somatic comorbidity
Physical functioning (mean)

1.03 (0.98, 1.08)
1.01(0.65, 1.55)
1.00 (0.99, 1.01)

0.95 (0.86, 1.05)
1.11(0.47, 2.61)
1.04**(1.01, 1.06)

Cl, confidence intervals. * p < 0.05; ** p < 0.01.

to highly educated young males who perceive AUD symp-
toms (on average 2) even without excessive drinking (on
average 11 drinks weekly). Although more than half of
them reported weekly HED, this rate was lower than in
the other problematic alcohol use groups. Possibly, peo-
ple in this group are easily concerned or quickly experi-
ence negative effects from their drinking behaviour, or
they may have high demands in their professional and
personal lives which do not mix with even relatively low
levels of alcohol use. This latter explanation is supported
by the relatively high frequency of the symptoms “use in
hazardous situations” and “failure to fulfil major role ob-
ligations.” Furthermore, transition analyses showed that
people with AUD-only frequently remained within this

Transitions between Latent Alcohol Use
Groups

group (59%) or moved to the most severe - HAAC and
AUD - group (17%), and only a minority (16%) transi-
tioned to a group of nonproblematic alcohol use. Ade-
quate detection and support for people in this group with
serious risks seems desirable. Regarding screening, this
implies attention to alcohol-related problems and not
only alcohol consumption especially in highly educated
young males, for example, using an instrument such as
the five-shot [36].

Additionally, a group with frequent HAAC, but infre-
quent AUD was identified. This group was previously de-
tected, but in contrast to findings among elderly [17] and
workers [16], we did not find that high income was asso-
ciated with this group in our general population sample.
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This group mainly consisted of older excessive drinkers
who experience on average less than one AUD symptom
despite substantial levels of alcohol use (on average 32
drinks weekly). Possibly, interference from their alcohol
use is quite low because they relatively often have no paid
job and therefore may experience fewer problems. Post
hoc analyses completed the picture and showed that peo-
ple in this group were relatively often retired. However,
other unhealthy lifestyles and physical ill-health were fre-
quently present. Moreover, the excessive alcohol use was
persistent in almost half of the people in this group and
some developed AUD over time. This supports the idea
that even in the absence of an AUD diagnosis, strategies
that target lower levels of alcohol consumption, such as
promoting knowledge about population consumption
levels and encouraging drinkers to take pride in lowering
that level [30], are recommended.

In line with previous research [8, 17], we observed that
the small group with high proportions of both HAAC and
AUD had the worst mental and physical health. As in pre-
vious studies applying latent transition analyses [15, 21],
we observed that they were the most likely to experience
a transition and that these transitions mostly occurred
toward an improved, but still problematic level of alcohol
use (i.e., with either HAAC or AUD, most often to no
HAAC, often AUD) and only rarely to a status of non-
problematic alcohol use. This is also in line with accumu-
lating population-based findings [35, 37-40] that a sig-
nificant proportion of remitted AUD individuals contin-
ue to drink. Further exploration of predictors of a
transition from this most problematic group revealed no
important role for demographic characteristics support-
ing previous findings showing that persistency over time
is relatively table over age [21, 35, 41] and that gender is
not associated with AUD remission [35, 42]. We found
that physical exercise was related with a decline of prob-
lematic alcohol use. This is in line with well-documented
findings from clinical research that exercise has a positive
effect on anxiety, depression, and craving [43]. Another
finding was that those in HAAC and AUD but with an
otherwise healthy lifestyle or good mental or physical
health seemed to be able to remit from this state. This
concurs with previous research showing that remission
from 12-month AUD was associated with absence of
mental comorbidity [37]. This could indicate that inter-
ventions, including secondary prevention strategies,
should pay extra attention to those with other adverse
characteristics besides problematic alcohol use. Yet, rep-
lication of these exploratory findings is warranted.
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Lastly, 91% of the present population-based sample
was without any problematic alcohol use and the vast ma-
jority of this group remained that way over the 9-year
follow-up period, although a number developed some
kind of problematic alcohol use in a 3-year period (most
often HAAC, no AUD). Exploratory analyses among these
movers were performed to predict transition from non-
problematic alcohol use toward any of the other states.
Notably, only lack of physical exercise was associated
with this negative transition. Previous research on onset
of problem drinking or AUD observed associations with
several characteristics such as younger age, male gender,
and partner status [23, 24]. It is difficult to explain why
such associations are not found in the current study. Pos-
sibly this is because we did not only include first-onset but
also recurrence of problematic alcohol use. Another ex-
planation could be that the analyses were not limited to
onset of AUD but also included onset of excessive drink-
ing. Regarding physical exercise, previous research has
pointed to lack of physical exercise as an important co-
variate of problematic alcohol use and mental ill-health
[44-46], but there is also evidence that higher levels of
physical exercise are related to higher alcohol consump-
tion levels [47]. Therefore, the relationship between lack
of physical exercise and onset of aspects of problematic
alcohol use should be further addressed in future re-
search.

Strengths and Limitations

Our study has important strengths, including the large
population-based sample of adults, the prospective de-
sign covering 3-, 6-, and 9-year follow-up waves, the use
of a standardized diagnostic instrument (CIDI) to assess
alcohol consumption and presence of AUD and other
mental disorders, and the possibility to explore a wide
range of potential associated characteristics and predic-
tors. Yet, some limitations merit discussion.

As alcohol consumption and AUD symptoms were
based on self-report, recall bias, and social desirability
could have influenced the results. People may have diffi-
culties remembering the amounts and frequencies of al-
cohol consumption in an average week or they may have
been reluctant to report problems with alcohol use. This
may have resulted in a biased estimate, most likely an un-
derestimation of excessive alcohol use and AUD symp-
toms [43] and subsequently an underestimation of the
prevalence of problematic alcohol use groups. Second,
the DSM-5 clustering criterion (2+ symptoms in the same
12-month period) was not assessed, and therefore, we
used a symptom count to generate the AUD diagnosis
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[37, 48]. This may have resulted in an overestimation of
AUD. However, the bias is likely to be limited because the
presence of multiple symptoms has been associated with
poor outcomes, regardless of 12-month clustering [49].
Finally, the number of subjects with specific transition
patterns was small, resulting in limited power in the ex-
plorative analyses where we tried to predict these transi-
tions. Moreover, we could only examine two general tran-
sition patterns, not transitions between specific states.
Replication of these findings in studies with even larger
samples and further characterization of these transitions
is therefore warranted.

Conclusion

This general-population study with many data points
found evidence for four alcohol use groups based on ex-
cessive drinking and AUD: one nonproblematic and
three problematic alcohol use groups. Of note is the iden-
tification of an AUD-only group, i.e., an AUD group
without excessive drinking. This underscores the need to
explicitly address alcohol-related problems in screening
besides alcohol consumption. We also found that, in
3-year periods, the groups with excessive drinking and/or
AUD were quite stable or shifts to other problematic al-
cohol use groups occurred. This suggests that all prob-
lematic groups may benefit from interventions, prefera-
bly tailored to the intensity of alcohol use or with a focus
on specific AUD symptoms. Lastly, our explorative anal-
yses suggest that lack of physical exercise seems to in-
crease the risk of problematic alcohol use and to decrease
the likelihood of changing from the most problematic
group over time. Additional studies are needed to con-
firm this potentially important role of physical exercise.
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