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Abstract
Objective. Psychoactive substance use is largely found to involve multiple substances. 
In recent years, the COVID-19 pandemic has changed psychoactive substance use pat-
terns. Aim of this study is to investigate profiles of polysubstance and their pattern dur-
ing and after the COVID-19 pandemic.
Methods. We collected information on alcohol consumption, use of tobacco, cannabis 
and other psychotropic substances, and nicotine-containing electronic devices (NCEDs; 
i.e., heated tobacco products and electronic cigarettes) on representative samples of the 
Italian adult population in five surveys from 2020 to 2023 (3,000≤n≤6,600). We used a 
Latent Class Analysis model to identify substance use profiles and their associated vari-
ables in each time period. 
Results. We initially identified two profiles, “light users”, characterized by a low use of 
tobacco and NCEDs (3%-20%) and a 40% at-risk alcohol consumption, and “polysub-
stance users”, characterized by a large use of all psychoactive substances. After the 2020 
COVID-19 lockdown, we also found the “dual users” profile, which show a large use 
of tobacco (90%) and NCEDs (50%), and also alcohol (50%). Being “dual users” and 
“polysubstance users” were associated with younger age and high economic status, with 
strengths of association less pronounced during lockdown but more marked immediately 
thereafter. Moreover, reporting anxiety or depressive symptoms as well as using psycho-
tropic drugs were strongly associated with both profiles, especially in the last two years. 
Conclusions. Heterogeneity of polysubstance users and their socio-demographic charac-
teristics need to be considered to design tailored prevention interventions, with special at-
tention to the new “dual users” profile, which confirmed the increasing trend in NCED use.

Address for correspondence: Giulia Carreras, Istituto per lo Studio, la Prevenzione e la Rete Oncologica, Via Cosimo il Vecchio 2, 50139 Florence, 
Italy. E-mail: g.carreras@ispro.toscana.it.
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INTRODUCTION
Polysubstance use refers to the consumption of more 

than one psychoactive substance on separate occasions 
(sequential use) or at the same time (concurrent/simul-
taneous) [1]. Although substance use is often centered 
around individual substances, it is largely found to in-
volve multiple substances [2, 3]. Substance-dependent 
individuals report using an average of 3.5 substances 
[4], both simultaneously and sequentially. Psychoactive 
substances include alcohol, nicotine, cannabis and oth-
er psychotropic substances such as opioids and stimu-
lants, and the use of one substance often co-occurs with 
the use of another. For instance, tobacco smoking is 
strongly associated with alcohol and marijuana use [1] 
and cannabis is the most commonly used drug among 
those who drink, besides tobacco [5].

Polysubstance use leads to poor physical and men-
tal health, including psychotic disorders, and substance 
use outcomes, such as increased violence and suicidal 
risk, and increased overdoses and mortality risks [6-8]. 
Most research on substance use and its consequences 
(i.e., substance use disorders) addresses use, control 
and treatment of single substances [2]. Concurrent 
substance use, which is more often studied in adoles-
cents [9-12], may complicate diagnosis and treatment 
of substance use disorders, as well as the effectiveness 
of prevention and control interventions [13].

Many individuals who develop substance use disor-
ders are also diagnosed with mental disorders, and vice 
versa [14]. In recent years, the COVID-19 pandemic 
has enhanced mental disorders and changed substance 
use patterns [15, 16]. Several surveys were carried out 
in European countries on single substance use during 
the COVID-19 initial phase [17-24]. In Italy, the CO-
VID-19 pandemic was associated with an increase in 
anxiety and depressive symptoms and with a worsening 
in the use of smoking and nicotine-containing electron-
ic devices (NCEDs), i.e., electronic cigarettes (e-ciga-
rettes) and heated tobacco products (HTPs), especially 
in its initial phase [17-20].

The extent to which polysubstance use has changed 
during the COVID-19 pandemic was little investigated 
in Europe only among youths in the initial phase of the 
COVID-19 pandemic [12], and it needs to be studied 
more in depth. Moreover, profiles of polysubstance use 
integrating new consumption patterns, such as the in-
creasing use of NCEDs, are underexplored.

The aim of this study is to investigate profiles of 
polysubstance use and its pattern in the COVID-19 
pandemic and subsequent phases together with the as-
sociated risk factors. The study was carried out in the 
Italian adult population between 2020 and 2023, using 
representative samples within the study LOckdown and 
lifeSTyle IN ITALY (LOST IN ITALY) and its extension 
LOST IN TOSCANA.

METHODS
Study design and population 

The LOST IN ITALY study cohort, described in detail 
elsewhere [25], is based on a cross-sectional survey con-
ducted on 6,003 participants representative of the Ital-
ian adult population aged 18-74 years who completed a 

web-based interview during the Italian lockdown (April 
27-May 3, 2020) which collected information on two 
time points recording changes before and during the 
lockdown (Time 1: pre-lockdown, February 2020; Time 
2: lockdown, April-May 2020). The fieldwork was con-
ducted by Doxa, the Italian branch of the Worldwide In-
dependent Network/Gallup International Association.

Following surveys, mostly based on the same study 
participants of the first one, were carried out in corre-
spondence with the main COVID-19 waves. Within 
the LOST IN ITALY study, other two surveys were con-
ducted on about half of the initial sample (Time 3: 3,185 
in November 27-December 20, 2020; Time 4: 3,000 in 
May 7-18, 2021). Finally, two years after the start of 
the COVID-19 pandemic, 6,600 participants took part 
to a comparable web-based survey (Time 5: February 
24-March 21, 2022) within the LOST IN TOSCANA 
study, and lastly, a follow-up of the LOST IN TOSCANA 
study was conducted between April 4 and May 3, 2023 
on 6,600 participants (Time 6). In each follow-up survey, 
some individuals were lost, therefore, to maintain the 
sample’s representativeness, new individuals were added 
from the appropriate strata in each survey (Supplementa-
ry Figure S1 available online). Slight differences in the age 
distribution between lost and new enrolled respondents 
were found (Supplementary Table S1 available online), but 
the sample representativeness was maintained.

In all surveys, participants completed an online ques-
tionnaire on socio-demographic information, lifestyle 
habits and symptoms of mental distress. Moreover, in 
the first survey, changes before and during the lock-
down were recorded. Distribution of individuals by 
socio-demographic and individual features in all time 
periods considered are reported in Supplementary Table 
S2 available online.

Outcome and independent variables
Current smokers were defined as respondents who 

reported having smoked ≥100 cigarettes during their 
life and who were current smokers at the time of the 
interview. Users of NCEDs were defined as respon-
dents using e-cigarettes or HTPs occasionally or regu-
larly. Alcohol drinkers were classified based on the total 
score obtained on the alcohol use disorders identifica-
tion test-concise (AUDIT-C). Respondents with a score 
≥4 for women and ≥5 for men were identified as heavy 
drinkers [26]. Binge drinkers were defined as respon-
dents who drank 6 or more alcoholic beverages at one 
time at least once in the last month, where 1 alcoholic 
beverage corresponds to 1 standard unit of alcohol, i.e., 
12 g of pure alcohol (approximately a 330 ml beer, a 
125 ml glass of wine or a 40 ml of spirits). A dichoto-
mous variable describing respondents with at-risk alco-
hol consumption was defined as 1 for those who were 
heavy drinkers according to AUDIT-C or binge drinkers 
and as 0 for those who were neither heavy drinkers nor 
binge drinkers. Finally, current users of cannabis and 
users of other psychotropic substances were defined as 
respondents who reported using respectively cannabis 
(or cannabis light) and psychotropic substances (e.g., 
cocaine, heroin, synthetic psychostimulants, etc.) at 
least once in the previous month.
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Information on sociodemographic characteristics, 
such as age, sex, level of education and economic status 
was collected at the baseline. In each survey, informa-
tion about mental health (anxiety or depressive symp-
toms, quantity and quality of sleep) and consumption 
of selected psychotropic drugs was collected [17, 25]. 
Individuals scoring higher than 3 in the 2-item gener-
alized anxiety disorder (GAD-2) scale [27] or in the 
2-item patient health questionnaire (PHQ-2) scale 
[28] were identified as presenting anxiety or depres-
sive symptoms, respectively. Individuals who reported 
sleeping less than 7 hours per night or who rated their 
overall sleep as fairly poor or very poor were identified 
as having sleep disorders [29]. Individuals reporting the 
use, in the last month, of at least one drug among an-
tidepressants, hypnotics, anxiolytics/benzodiazepine, 
antipsychotics and mood stabilizers were considered 
psychotropic drug users.

Statistical analysis 
To identify substance use profiles in each time, we 

used latent class analysis (LCA), a statistical model-
based approach for clustering individuals in unobserved 
groups on the basis of substance consumption [30]. In 
the LCA analysis we included five indicators of sub-
stance use (i.e., conventional cigarettes, e-cigarettes or 
HTPs, at-risk alcohol, cannabis or cannabis light, other 
psychotropic substances) as binary variables. We ran an 
iterative process to identify the best profile solutions 
in each time using the corresponding survey weights. 
In detail, we tested four different variance-covariance 
structures for profiles (i.e., invariant diagonal, varying 
diagonal, invariant non-diagonal, and varying non-diag-
onal) for each set of models ranging from 1 to 3 profile 
classes. We used five different sets of random starting 
points in each model selecting the one with the best 
log likelihood after the expected-maximization itera-
tions. We used the Akaike information criterion (AIC) 
and the Bayesian information criterion (BIC) to assess 
model fit. Once we identified the preferred model, we 
analyzed whether the profiles of the model were iden-

tified correctly by calculating the average posterior 
probability (AvePP), the odds of correct classification 
(OCC) and the entropy which provides a summary for 
the overall classification precision of the model. AvePP 
closer to 100% and OCC >5 support adequate profile 
separation and precision [30, 31], and entropy values 
<0.8 are considered high [32].

Finally, we assessed factors associated with substance 
use profiles from the LCA models in logistic regressions 
with the bias-adjusted three-step approach which con-
sists in first identifying the underlying latent variable, 
then assigning individuals to latent classes, and finally 
analyzing class membership and covariates accordingly 
[33]. We reported adjusted odds ratios (aORs) for sex, 
age, education, economic status, anxiety or depression 
symptoms, sleep disorders and use of psychotropic 
drugs, after adjusting also for geographic area.

All the statistical models were weighted for the cor-
responding survey weights, applied to guarantee the 
representativeness of the national sample in terms of 
sex, age, socio-economic status, and geographic area.

All statistical analyses were performed using Stata 
Version 17 (StataCorp. 2021. Stata Statistical Software: 
Release 17. College Station, TX: StataCorp LLC).

RESULTS
The weighted prevalence of the use of each substance 

at all times are displayed in Table 1. The use of NCEDs 
increased throughout the whole period, from 9% before 
lockdown to 14% in 2023, whereas the use of other psy-
chotropic substances decreased from 4% to 1%. At-risk 
alcohol use, cannabis use and smoking showed a slight 
decrease during lockdown, followed by a sharp 61% in-
crease in alcohol use, a maintenance of lockdown prev-
alence for cannabis use and a return to pre-lockdown 
levels for smoking.

In the first two times points (i.e., pre-lockdown in 
February 2020; during lockdown in April-May 2020) 
only the LCA models with up to two classes converged 
whereas, in the remaining times, also models with up 
to three classes reached convergence. The latter was 

Table 1
Prevalence of substance use in the time periods (weighted proportions)

Time 11

N=6,003
% (95% CI)

Time 21

N=6,003 
% (95% CI)

Time 31 

N=3,185 
% (95% CI)

Time 41 

N=3,000 % 
(95% CI)

Time 51 

N=6,600 
% (95% CI)

Time 61 

N=6,600 
% (95% CI)

Conventional cigarette 
smokers

23.3 
(22.0, 24.7)

21.9 
(20.6, 23.2)

24.5 
(22.7, 26.5)

26.3 
(24.2, 28.4)

24.4 
(23.1, 25.7)

23.3 
(22.1, 24.6)

Alcohol at risk2 or binge 
drinkers

28.1 
(26.7, 29.6)

25.2 
(23.8, 26.6)

33.2 
(31.1, 35.3)

43.7 
(41.5, 46.0)

44.9 
(43.4, 46.4)

45.4 
(43.9, 47.0)

Cannabis or cannabis light 
users

7.0 
(6.2, 7.9)

6.0 
(5.2, 6.8)

7.9 
(6.8, 9.1)

7.8 
(6.6, 9.2)

4.9 
(4.3, 5.7)

5.4 
(4.7, 6.1)

Psychoactive substances 
users

4.2 
(3.6, 4.9)

4.0 
(3.4, 4.7)

2.0 
(1.5, 2.7)

1.5 
(1.0, 2.2)

0.7 
(0.5, 1.0)

1.2 
(0.9, 1.6)

NCEDs users 8.9 
(8.1, 9.9)

9.8 
(8.9, 10.8)

11.8 
(10.4, 13.3)

12.1 
(10.6, 13.8)

11.7 
(10.8, 12.7)

13.8 
(12.7, 14.9)

N: number; CI: confidence interval; NCEDs: nicotine-containing electronic devices.
1Time 1: pre-lockdown (February 2020); Time 2: lockdown (April-May 2020); Time 3: November-December 2020; Time 4: May 2021; Time 5: February-March 2022; 
Time 6: April 2023.
2Alcohol at risk: respondents with a total Alcohol Use Disorders Identification Test-Concise score ≥ 4 for women and ≥ 5 for men.
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reached in all times with all the variance-covariance 
specifications. We then chose the least restrictive vari-
ance-covariance structure, i.e., varying non-diagonal, 
and ran the models at all times. Fit indices suggested 
a better fit for the two-classes LCA model for times 
1 and 2, and the three-class model for the remaining 
times (Supplementary Table S3 available online). At all 
time points, the selected models returned AvPP above 
the desired threshold of 70% for all classes, suggesting 
adequate classification accuracy. The OCC showed a 
high classification accuracy for Class 2 and Class 3 (in 
times 3 to 6), for which the OCC was well above the 
threshold criteria of 5, whereas accuracy classification 
for Class 1 resulted low. Finally, the entropy was be-
tween 0.7 and 0.9 suggesting a borderline overall model 
classification precision (Table 2).

Figure 1 displays the three profiles identified with the 
LCA. The first, defined as “light users”, included most 
of the total sample at all times (from 68.7% in time 6 to 
91.7% in time 2, Table 2) and shows proportions close 
to 0 for cannabis and psychotropic substance use, up 
to 8.8% and 20.9% for NCEDs and conventional ciga-
rette, respectively, and up to 40.4% for at-risk alcohol 
use. The second class identifies the “polysubstance us-
ers” and it includes between 4.3% (in time 6) and 9.6% 
(in time 1) of respondents characterized by an average 
proportion of 23.3% and 23.7% of psychotropic sub-
stance and NCEDs users, respectively, around 44.8% 
of tobacco smokers and over 80% of at-risk alcohol us-
ers and cannabis users. Finally, the third class, defined 
as “dual users”, which arises from December 2020, in-
cludes between 11.0% and 14.7% of the total sample in 
times 3 to 5 and up to 27.0% in time 6. In addition to 
the at-risk alcohol use (on average 54.2%) that charac-
terizes all the profiles, it is mainly characterized by the 
dual use of tobacco cigarettes and NCEDs with aver-
age proportions of 82.3% and 59.1%, respectively (Table 
2, Figure 1, Supplementary Table S4 available online).

The proportion of substance use shows variations in 
time. At-risk alcohol users increased in the last three 

Table 2
Latent Class Analysis models measures of classification and ac-
curacy for all time periods

Model estimated 
class proportion

% (95% CI)

AvPP OCC Entropy

Time 11

    Class 1 90.4 (83.7, 94.6) 95.6 2.3 0.873

    Class 2 9.6 (5.4, 16.3) 91.5 102.1

Time 21      

    Class 1 91.7 (88.3, 94.2) 96.9 2.8 0.897

    Class 2 8.3 (5.8, 11.7) 92.7 140.1

Time 31    

    Class 1 81.2 (74.5, 86.4) 92.6 2.9 0.824

    Class 2 6.5 (5.1, 8.3) 88.6 112.2

    Class 3 12.3 (7.8, 19.1) 85.3 41.2

Time 41

    Class 1 78.8 (51.6, 92.8) 91.3 2.8 0.812

    Class 2 6.5 (4.7, 9.0) 86.7 93.1

    Class 3 14.7 (3.4, 45.8) 91.7 64.2

Time 51

    Class 1 84.5 (78.2, 89.2) 94.7 3.3 0.845

    Class 2 4.6 (3.3, 6.3) 84.5 114.0

    Class 3 11.0 (6.4, 18.2) 90.3 75.7

Time 61

    Class 1 68.7 (58.4, 77.4) 91.7 5.0 0.708

    Class 2 4.3 (3.4, 5.4) 82.7 106.2

    Class 3 27.0 (18.5, 37.6) 77.1 9.1

CI: confidence interval; AvPP: average posterior probability; OCC: odds of 
correct classification; Class 1: light users; Class 2: polysubstance users; Class 3: 
dual users.
1Time 1: pre-lockdown (February 2020); Time 2: lockdown (April-May 2020); 
Time 3: November-December 2020; Time 4: May 2021; Time 5: February-March 
2022; Time 6: April 2023. 

Figure 1
Expected proportions, at each time, of the population by substance use in each class identified by the Latent Class Analysis model. 
Time 1: pre-lockdown (February 2020); Time 2: lockdown (April-May 2020); Time 3: November-December 2020; Time 4: May 2021; 
Time 5: February-March 2022; Time 6: April 2023.
NCEDs: nicotine-containing electronic devices (electronic-cigarettes or heated tobacco products).
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time points compared to the previous time points in 
both “light users” (almost doubling) and “polysubstance 
users”. Cigarette smokers and NCEDs users in “light 
users” show a reduction from time 3 afterwards presum-
ably captured in the new class of “dual users”.

Tables 3 and 4 report the results of the logistic regres-
sion models for the analysis of factors (Supplementary Ta-
ble S2 available online) associated with the substance use 
profiles identified with the LCA models, respectively the 
“polysubstance users” or “dual users” in comparison to 
“light users”. In all the time points, males were more likely 
to be “polysubstance users” vs “light users” in comparison 
to females, with a strength of association that decreased 
from time 4, i.e., May 2021. Increasing age was associ-

ated with a decreasing odds of being “polysubstance us-
ers”, with younger respondents that were up to 10 times 
more likely to be “polysubstance users” than older ones. 
During lockdown (time 2) such differences appeared 
slightly less pronounced and became more marked im-
mediately afterwards. Increasing self-reported economic 
status was associated with an increasing odds of being 
“polysubstance users” vs “light users”, with people with 
high economic level that were over 2 times more likely to 
be “polysubstance users” than people with low economic 
level before lockdown and immediately afterwards. Dur-
ing lockdown (time 2), such difference reached 3 times 
and, from time 4, i.e., May 2021, it increased up to 6 
times. Finally, reporting anxiety or depressive symptoms 

Table 3
Results of the logistic regression models for the factors associated with substance use profiles from the Latent Class Analysis mod-
els in all time points: “polysubstance users” vs “light users”

  Time 11 Time 21 Time 31 Time 41 Time 51 Time 61

aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI)

Sex

     Female ref ref ref ref ref ref

     Male 1.60 (1.22, 2.11) 1.50 (1.15, 1.97) 1.56 (1.07, 2.27) 1.30 (0.84, 2.01) 1.24 (0.87, 1.77) 1.26 (0.89, 1.78)

Age

     55-74 ref ref ref ref ref ref

     35-54 2.05 (1.38, 3.04) 2.19 (1.51, 3.20) 3.82 (2.16, 6.75) 1.64 (0.77, 3.50) 2.51 (1.38, 4.58) 1.98 (1.18, 3.30)

     18-34 4.23 (2.85, 6.27) 3.51 (2.37, 5.19) 7.91 (4.38, 14.31) 4.15 (1.93, 8.95) 10.43 (5.63, 19.32) 7.52 (4.35, 13.01)

      p for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Level of 
education

     High ref ref ref ref ref ref

     Medium 1.01 (0.74, 1.36) 1.10 (0.82, 1.48) 0.93 (0.64, 1.35) 0.90 (0.56, 1.44) 0.87 (0.60, 1.28) 0.83 (0.56, 1.22)

     Low 1.29 (0.85, 1.97) 1.42 (0.94, 2.15) 1.01 (0.55, 1.88) 0.94 (0.49, 1.81) 1.23 (0.68, 2.23) 1.17 (0.68, 1.99)

Economic status

     �Under the 
national mean

ref ref ref ref ref ref

     On average 1.10 (0.79, 1.53) 1.13 (0.82, 1.57) 1.34 (0.84, 2.13) 2.09 (1.14, 3.83) 1.77 (1.05, 3.00) 0.98 (0.61, 1.58)

     �Over the 
national mean

2.34 (1.54, 3.58) 3.01 (1.99, 4.56) 2.40 (1.33, 4.32) 6.29 (3.43, 
11.50)

6.12 (3.40, 11.02) 4.83 (2.89, 8.09)

      p for trend <0.001 <0.001 0.006 <0.001 <0.001 <0.001

Anxiety or 
depression

     No ref ref ref ref ref ref

     Yes 2.61 (1.96, 3.48) 1.35 (1.01, 1.82) 2.48 (1.68, 3.68) 1.89 (1.19, 2.99) 3.26 (2.22, 4.78) 2.12 (1.39, 3.23)

Sleep disorders

     No ref ref ref ref ref ref

     Yes 1.13 (0.85, 1.49) 0.99 (0.75, 1.32) 0.98 (0.66, 1.45) 1.13 (0.76, 1.69) 1.13 (0.78, 1.64) 1.19 (0.78, 1.81)

Use of 
psychotropic 
drugs

     No ref ref ref ref ref ref

     Yes 4.25 (3.07, 5.87) 4.84 (3.57, 6.57) 4.36 (2.82, 6.75) 4.71 (2.92, 7.60) 7.62 (5.23, 11.11) 10.03 (6.79, 14.84)

aOR: adjusted odds ratio; CI: confidence interval.
1Time 1: pre-lockdown (February 2020); Time 2: lockdown (April-May 2020); Time 3: November-December 2020; Time 4: May 2021; Time 5: February-March 2022; 
Time 6: April 2023. 
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as well as using psychotropic drugs was strongly associ-
ated with being “polysubstance users”. In the last two 
time points, i.e., 2022 and 2023, people using psychotro-
pic drugs resulted 8-10 times more likely to be “polysub-
stance users” compared to non-users (Table 3).

Being “dual users” in comparison to “light users” 
was associated with a younger age, especially in latest 
time points, with a high economic status, with anxiety 
or depressive symptoms and psychotropic drugs use, 
although the association of the last two factors only 
reached significance at the last time points (Table 4).

DISCUSSION
In the present study we found that patterns of psy-

choactive substance use among Italian adults in the 
COVID-19 pandemic period was initially characterized 
by two profiles, “polysubstance users” and “light users”, 
that become three after the lockdown, with the identi-
fication of a new profile of “dual users”, e.g., those who 
mainly smoked tobacco cigarettes and used NCEDs. 

At-risk alcohol use characterizes all profiles. “Light us-
ers” were characterized by no use of cannabis neither 
psychotropic substances, a light use of conventional 
cigarettes and NCEDs, which decreased after lock-
down (since November-December 2020), and use of 
alcohol at risk, which, albeit it showed a little reduction 
during lockdown, it largely increased afterwards. Poly-
substance use was characterized by the use of all sub-
stances, especially alcohol at risk and cannabis which 
showed an increase in use after lockdown. Finally, the 
“dual users” profile showed a constant use of conven-
tional cigarettes, NCEDs and alcohol at risk, with a 
decrease, especially in smokers, in the last time point.

Results confirm findings on the use of single sub-
stances during the COVID-19 pandemic in Italy, which 
showed a modest reduction during the phase of first re-
strictions followed by an increase to values higher than 
those recorded in the pre-pandemic period [19, 34-36].

The emergence of the new profile of “dual users” con-
firms the increasing trend in NCEDs use, in particular 

Table 4
Results of the logistic regression models for the factors associated with substance use profiles from the Latent Class Analysis mod-
els in all time points: “dual users” vs “light users”

  Time 31 Time 41 Time 51 Time 61

aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Sex

     Female ref ref ref ref

     Male 1.06 (0.76, 1.48) 1.20 (0.81, 1.79) 1.10 (0.85, 1.43) 1.15 (1.00, 1.33)

Age

     55-74 ref ref ref ref

     35-54 1.41 (0.92, 2.17) 1.32 (0.85, 2.05) 1.33 (1.02, 1.73) 1.13 (0.97, 1.32)

     18-34 1.69 (1.00, 2.84) 1.78 (1.03, 3.07) 1.48 (1.01, 2.16) 1.26 (1.02, 1.57)

      p for trend 0.042 0.039 0.034 0.028

Level of education

     High ref ref ref ref

     Medium 1.00 (0.70, 1.45) 1.08 (0.72, 1.63) 1.12 (0.87, 1.46) 1.27 (1.08, 1.49)

     Low 1.06 (0.57, 1.97) 0.99 (0.53, 1.88) 1.07 (0.74, 1.55) 1.22 (0.98, 1.53)

Economic status

     Under the national mean ref ref ref ref

     On average 1.14 (0.73, 1.79) 1.06 (0.68, 1.67) 1.17 (0.82, 1.68) 0.93 (0.79, 1.09)

     Over the national mean 1.90 (1.05, 3.44) 2.68 (1.30, 5.54) 1.67 (1.05, 2.63) 1.01 (0.80, 1.27)

      p for trend 0.064 0.028 0.046 0.85

Anxiety or depression

     No ref ref ref ref

     Yes 0.91 (0.63, 1.32) 1.06 (0.70, 1.61) 1.39 (1.07, 1.79) 1.23 (1.06, 1.44)

Sleep disorders

     No ref ref ref ref

     Yes 1.21 (0.87, 1.68) 1.29 (0.88, 1.88) 1.04 (0.82, 1.31) 0.99 (0.86, 1.14)

Use of psychotropic drugs

     No ref ref ref ref

     Yes 1.44 (0.88, 2.35) 1.33 (0.75, 2.35) 1.10 (0.69, 1.73) 1.39 (1.1, 1.77)

aOR: adjusted odds ratio; CI: confidence interval.
1Time 3: November-December 2020; Time 4: May 2021; Time 5: February-March 2022; Time 6: April 2023. 
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HTPs and disposable e-cigarettes. Most use of NCEDs 
is accompanied by more than replacing the use of con-
ventional cigarettes [37].

We found that men were more likely to be polysub-
stance users than women, confirming results from sev-
eral studies [38] although a growing body of research 
suggests a narrowing of the “gender gap” in overall drug 
patterns [39]. Moreover, according to the literature, we 
found that polysubstance use was associated with hav-
ing younger age [1, 5, 40-41] and being lower educated 
[41]. Our findings also highlight an association of poly-
substance use with high economic status that provides 
greater access to a wider range of substances, poten-
tially contributing to polysubstance use [42].

Finally, our results confirm the association between 
the risk of polysubstance use and the increase in symp-
toms of anxiety and depression, and, above all, with 
the use of psychotropic drugs (aOR=3.90 for ≥2 sub-
stances) [14].

Strengths and limitations
Among the strengths of the present study, there are 

the large samples considered in the various surveys. The 
selection of the samples from online panels should be 
considered, since this could invalidate the generalizabil-
ity of the findings to the whole Italian adult population. 
However, our results are in line with other national stud-
ies (IPSAD, ISTAT) [43-44] confirming the good degree 
of representativeness obtained in the LOST samples. In 
order to explore the generalizability of our findings, it 
should be noted that the definitions of at-risk behaviours 
could be different among studies depending on both the 
questions and the scales, as well as the age size of the 
samples, returning in different prevalence estimates. As 
an example, the prevalence of at-risk alcohol users de-
fined using the AUDIT-C score is higher in comparison 
to that defined form the National Institute of Health in 
the Report to the Parliament [45]. In addition, we did 
not take into account for the longitudinal structure of 
our data in order not to reduce sample size and to add 
complexity to the models, but further analyses explor-
ing changes in time in polysubstance use could improve 
understanding the phenomenon. Although other studies 
used the same data of this work to study trends in the use 
of substances during the pandemic period and their asso-
ciated factors [17-20, 34, 35], here we wanted to investi-
gate a different aspect, i.e. the characteristics and trends 
in the concomitant use of substances, an aspect that 
has been little studied, especially in adults. Our analysis 
employed LCA models which have emerged in recent 
years as a modern approach to polysubstance research, 
especially among adolescents, emphasizing a person-
centered, rather than variable-centered, approach [46]. 
Finally, the surveys were carried out during most of the 
COVID-19 pandemic waves, thus allowing us to capture 
the possible effect of the pandemic peaks on the popu-
lation’s psychological distress and lifestyle changes. Sev-
eral surveys were carried out during the COVID-19 pan-
demic in Europe, however most of them focused on the 
lockdown period. The added value of this study is also to 
explore changes in the long term after the emergency pe-
riod and the pattern of polysubstance use normalization.

CONCLUSIONS
The COVID-19 pandemic has carried changes in 

psychoactive substance use patterns as highlighted by 
the emergence of consumption profiles diversified over 
time. To facilitate the development and design of tai-
lored prevention strategies, it is essential to acknowl-
edge the peculiarities within polysubstance users, 
including their associated socio-demographic factors 
and developmental antecedents. Given the harmful 
health consequences of polysubstance use and since 
polysubstance use seems to be associated to similar 
characteristics as heavy users of single substances 
(e.g., higher psychological distress, male) a special at-
tention of prevention should be focused on this sub-
group of users. Targeting specific polysubstance use 
patterns and corresponding risk profiles may offer sig-
nificant benefits in both prevention efforts and clinical 
research.

Funding
The survey of the LOST IN ITALY study was co-fund-

ed by the Italian National Institute of Health (Istituto 
Superiore di Sanità, ISS) and Fondazione Cariplo. The 
LOST IN TOSCANA study was funded by Tuscany Re-
gion within the Bando Ricerca COVID-19. The work of 
SG is partially supported by funding from AIRC under 
IG 2021 - ID 25987 and by the Italian League Against 
Cancer (LILT, Milan, Italy).

Ethics approval
The two study protocols of the LOST IN ITALY and 

LOST IN TOSCANA studies were approved by the 
Ethics Committee of the coordinating centres (Istituto 
Besta, file number: 71-73, April 2020, and Comitato 
Etico Regionale per la Sperimentazione Clinica della 
Toscana, Sezione Area Vasta Centro, file number: 
CEAVC 19834, April 2021, respectively). All the en-
rolled participants provided informed consent to par-
ticipate in the study.

Availability of data and materials
Data that support the findings of the present study 

and materials are available from the corresponding au-
thor upon reasonable request. 

Conflict of interest statement
None to declare.

Received on 10 May 2024.
Accepted on 21 October 2024.

The members of the “LOST IN ITALY” and “LOST 
IN TOSCANA” Study Investigators are: 

Fabio Voller, Elena Andreoni, Martina Pacifici (ARS 
Toscana, Florence, Italy), Valentino Patussi, Chia-
ra Cresci, Donatello Cirone (Azienda Ospedaliero-
Universitaria Careggi, Florence, Italy), Saverio Caini, 
Giovanna Masala, Guido Miccinesi (ISPRO, Florence, 
Italy), Gianluca Serafini (Università degli Studi di Ge-
nova, Genova, Italy), Silvia Biagioni, Sabrina Molinaro 
(CNR-IFC, Pisa, Italy).



Polysubstance use in Italy

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

301

REFERENCES

1.	 Connor JP, Gullo MJ, White A, Kelly AB. Polysubstance 
use: diagnostic challenges, patterns of use and health. 
Curr Opin Psychiatry. 2014;27:269-75.

2.	 Crummy EA, O’Neal TJ, Baskin BM, Ferguson SM. One 
is not enough: Understanding and modeling polysub-
stance use. Front Neurosci. 2020;14:569.

3.	 Bailey AJ, McHugh RK. Why do we focus on the excep-
tion and not the rule? Examining the prevalence of mono- 
versus polysubstance use in the general population. Ad-
diction. 2023;118:2026-9.

4.	 Onyeka IN, Uosukainen H, Korhonen MJ, Beynon C, 
Bell JS, Ronkainen K, et al. Sociodemographic character-
istics and drug abuse patterns of treatment-seeking illicit 
drug abusers in Finland, 1997-2008: the Huuti study. J 
Addict Dis. 2012;31:350-62.

5.	 Subbaraman MS, Kerr WC. Simultaneous versus concur-
rent use of alcohol and cannabis in the National Alcohol 
Survey. Alcohol Clin Exp Res. 2015;39:872-9.

6.	 Pennings EJM, Leccese AP, De Wolff FA. Effects of 
concurrent use of alcohol and cocaine. Addiction. 
2002;97:773-83.

7.	 Lorvick J, Browne EN, Lambdin BH, Comfort M. Poly-
drug use patterns, risk behavior and unmet healthcare 
need in a community-based sample of women who use 
cocaine, heroin or methamphetamine. Addict Behav. 
2018;85:94-9.

8.	 Gilmore D, Zorland J, Akin J, Johnson JA, Emshoff JG, 
Kuperminc GP. Mortality risk in a sample of emergency 
department patients who use cocaine with alcohol and/or 
cannabis. Subst Abus. 2018;39:266-70.

9.	 de Jonge MC, Bukman AJ, van Leeuwen L, Onrust 
SA, Kleinjan M. Latent classes of substance use in 
young adults – A systematic review. Subst Use Misuse. 
2022;57:769-85.

10.	 Evans BE, Kim Y, Hagquist C. A latent class analysis of 
changes in adolescent substance use between 1988 and 
2011 in Sweden: associations with sex and psychosomatic 
problems. Addiction. 2020;115:1932-41.

11.	 Zuckermann AME, Williams GC, Battista K, Jiang Y, de 
Groh M, Leatherdale ST. Prevalence and correlates of 
youth poly-substance use in the COMPASS study. Ad-
dict Behav. 2020;107:106400.

12.	 Rodríguez-Cano R, Kypriotakis G, Cortés-García L, 
Bakken A, von Soest T. Polysubstance use and its cor-
relation with psychosocial and health risk behaviours 
among more than 95,000 Norwegian adolescents dur-
ing the COVID-19 pandemic (January to May 2021): 
a latent profile analysis. Lancet Reg Health Eur. 
2023:28:100603.

13.	 Substance Abuse and Mental Health Services Adminis-
tration (SAMHSA). Treating concurrent substance use 
among adults. Rockville, MD: National Mental Health 
and Substance Use Policy Laboratory. Substance Abuse 
and Mental Health Services Administration; 2021.

14.	 Kelly TM, Daley DC. Integrated treatment of substance 
use and psychiatric disorders. Soc Work Public Health. 
2013;28(0):388-406.

15.	 COVID-19 Mental Disorders Collaborators. Global 
prevalence and burden of depressive and anxiety disor-
ders in 204 countries and territories in 2020 due to the 
COVID-19 pandemic. Lancet. 2021;398(10312):1700-
12.

16.	 Mellos E, Paparrigopoulos T. Substance use during the 
COVID-19 pandemic: What is really happening? Psychi-
atriki. 2022;33:17-20.

17.	 Amerio A, Lugo A, Stival C, Fanucchi T, Gorini G, 

Pacifici R, et al. COVID-19 lockdown impact on mental 
health in a large representative sample of Italian adults. J 
Affect Disord. 2021;292:398-404.

18.	 Carreras G, Lugo A, Stival C, Amerio A, Odone A, Paci-
fici R, Gallus S, Gorini G. Impact of COVID-19 lock-
down on smoking consumption in a large representative 
sample of Italian adults. Tob Control. 2022;31:615-22.

19.	 Carreras G, Monti F, Lugo A, Gallus S, Stival C, Mo-
linaro S, Cerrai S, Odone A, Mastrobattista L, Mortali C, 
Gorini G; “LOST IN TOSCANA” Study Investigators. 
Smoking intensity changes during the COVID-19 pan-
demic waves in a cohort of smokers in Italy. Ann Ist Super 
Sanità. 2023;59(3):219-22.

20.	 Gallus S, Stival C, Carreras G, Gorini G, Amerio A, 
McKee M, Odone A, van den Brandt PA, Spizzichino L, 
Pacifici R, Lugo A. Use of electronic cigarettes and heat-
ed tobacco products during the COVID-19 pandemic. 
Sci Rep. 2022;12:702.

21.	 Manthey J, Kilian C, Carr S, et al. Use of alcohol, tobac-
co, cannabis, and other substances during the first wave of 
the SARS-CoV-2 pandemic in Europe: a survey on 36,000 
European substance users. Subst Abuse Treat Prev Policy. 
2021;16(1). doi:10.1186/S13011-021-00373-Y

22.	 Sun Y, Li Y, Bao Y, et al. Brief Report: Increased addic-
tive internet and substance use behavior during the COV-
ID-19 pandemic in China. Am J Addict. 2020;29(4):268-
70. doi:10.1111/ajad.1306626

23.	 Jackson SE, Garnett C, Shahab L, Oldham M, Brown J. 
Association of the COVID‐19 lockdown with smoking, 
drinking, and attempts to quit in England: an analysis 
of 2019‐2020 data. Addiction. 2021;116(5):1233-44. 
doi:10.1111/add.15295

24.	 Rolland B, Haesebaert F, Zante E, Benyamina A, Haese-
baert J, Franck N. Global Changes and factors of increase 
in caloric/salty food intake, screen use, and substance use 
during the early COVID-19 containment phase in the 
general population in France: survey study. JMIR Public 
Heal Surveill. 2020;6(3):e19630. doi:10.2196/19630

25.	 Odone A, Lugo A, Amerio A, Borroni E, Bosetti C, 
Carreras G, Cavalieri d’Oro L, Colombo P, Fanucchi T, 
Ghislandi S, Gorini G, Iacoviello L, Pacifici R, Santucci 
C, Serafini G, Signorelli C, Stival C, Stuckler D, Tersalvi 
CA, Gallus S. COVID-19 lockdown impact on lifestyle 
habits of Italian adults. Acta Biomed. 2020;91:87-9. doi: 
10.23750/abm.v91i9-S.10122

26.	 Bush K, Kivlahan DR, McDonell MB, Fihn SD, Brad-
ley KA. The AUDIT alcohol consumption questions 
(AUDIT-C): an effective brief screening test for problem 
drinking. Ambulatory Care Quality Improvement Project 
(ACQUIP). Arch Intern Med. 1998;158:1789-95.

27.	 Kroenke K, Spitzer RL, Williams JB, Monahan PO, Lowe 
B. Anxiety disorders in primary care: prevalence, im-
pairment, comorbidity, and detection. Ann Intern Med. 
2007;146:317-25.

28.	 Kroenke K, Spitzer RL, Williams JB. The Patient Health 
Questionnaire-2: validity of a two-item depression 
screener. Med Care. 2003;41:1284-92.

29.	 Buysse DJ 3rd, Reynolds CF, Monk TH, Berman SR, 
Kupfer DJ. The Pittsburgh Sleep Quality Index: a new in-
strument for psychiatric practice and research. Psychiatry 
Res. 1989;28:193-213.

30.	 Masyn KE. Latent class analysis and finite mixture mod-
eling. In: Little TD (Ed.). The Oxford handbook of quan-
titative methods: Statistical analysis. Oxford University 
Press; 2013. pp. 551-611.

31.	 Nagin DS. Group-based modeling of development. Cam-



Cosimo Campagni, Giuseppe Gorini, Andrea Amerio et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

302

bridge, MA: Harvard University Press; 2005.
32.	 Ram N, Grimm KJ. Growth mixture modeling: A method 

for identifying differences in longitudinal change among 
unobserved groups. Int J Behav Dev. 2009;33:565-76.

33.	 Vermunt JK. Latent class modeling with covariates: 
Two improved three-step approaches. Political Analysis. 
2010;18:450-69.

34.	 Amerio A, Stival C, Bosetti C, Carreras G, Fanucchi 
T, Gorini G, Lugo A, Pacifici R, Serafini G, Odone A, 
Gallus S; “LOST IN TOSCANA” Study Investigators. 
Cannabis use in repeated representative cross-sectional 
studies on Italian adults after the COVID-19 pandemic. J 
Psychiatr Res. 2023;164:382-8.

35.	 Cerrai S, Carreras G, Monti F, Stival C, Lugo A, Bosetti 
C, Biagioni S, Fanucchi T, Gorini G, Amerio A, Mastro-
battista L, Mortali C, Odone A, Molinaro S, Smits L, Gal-
lus S; the “LOST IN ITALY” and “LOST IN TOSCANA” 
Study Investigators. Changes in alcohol consumption 
during and after the COVID-19 pandemic from 2020 to 
2023 in a prospective cohort of Italian adults. J Epide-
miol. 2024, in press.

36.	 Biagioni S, Baldini F, Baroni M, Cerrai S, Melis F, Po-
tente R, Scalese M, Molinaro S. Adolescents’ psychoac-
tive substance use during the first COVID-19 lockdown: 
A cross sectional study in Italy. Child Youth Care Forum. 
2023;52:641-59. 

37.	 Carreras G, Minardi V, Lugo A, Gallus S, Masocco M, 
Spizzichino L, Gorini G. Italian are still loyal to conven-
tional cigarettes. Ann Ist Super Sanità. 2022;58:264-8.

38.	 Goodwin SR, Moskal D, Marks RM, Clark AE, Squeglia 
LM, Roche DJO. A Scoping review of gender, sex and 
sexuality differences in polysubstance use in adolescents 

and adults. Alcohol Alcohol. 2022;57:292-321.
39.	 Steinhoff A, Bechtiger L, Ribeaud D, et al. Polysub-

stance use in early adulthood: Patterns and developmen-
tal precursors in an urban cohort. Front Behav Neurosci. 
2021;15:797473.

40.	 Frone MR. Workplace substance use climate: Preva-
lence and distribution in the US workforce. J Subst Use. 
2012;71:72.

41.	 Redonnet B, Chollet A, Fombonne E, et al. Tobacco, al-
cohol, cannabis and other illegal drug use among young 
adults: The socioeconomic context. Drug Alcohol De-
pend. 2012;121:231-9.

42.	 Patrick MW, Wightman P, Schoeni RF, Schulenberg JE. 
Socioeconomic status and substance use among young 
adults: A comparison across constructs and drugs. J Stud 
Alcohol Drugs. 2012;73(5):772-82.

43.	 Department for Drug Policies (DPA) - Presidency of the 
Council of Ministers. Italian Parliament 2023 Report on 
drug addiction. Available from: https://www.politiche-
antidroga.gov.it/media/ix0b0esf/relazione-al-parlamen-
to-2023.pdf.

44.	 Italian National Institute of Statistics. Aspects of Daily 
Life Survey. Available from: http://dati.istat.it/Index.
aspx?QueryId=15513#.

45.	 Italian Ministry of Health. Parliament 2022 Report on 
interventions implemented under Act. 30.3.2001 N. 
125 “Framework law on alcohol and alcohol-related 
problems”. Available from: https://www.salute.gov.it/
imgs/C_17_pubblicazioni_3338_allegato.pdf.

46.	 Tomczyk S, Isensee B, Hanewinkel R. Latent classes of 
polysubstance use among adolescents – a systematic re-
view. Drug Alcohol Depend. 2016;160:12-29.


