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Abstract: This study compares the prevalence of drug use and the typologies of polydrug use (PDU)
in men who have sex with men (MSM) and general population men (GPM). Participants were
men aged 16–64, living in the provinces of Madrid and Barcelona: 1720 were recruited in a GPM
survey, and 2658 were HIV-negative MSM from HIV/STIs diagnosis services. Lifetime and last-year
prevalence of drug use and prevalence ratios (PRs) of MSM to GPM for the different drugs were
calculated using Poisson regression. Latent class analysis (LCA) was performed to identify typologies
of PDU. Lifetime use of the drugs considered was higher in MSM, and even higher for drug use in
the last-year: PRs for cannabis, hallucinogens and cocaine ranged from 2–5; for amphetamine, ecstasy
and methamphetamine 12–16; and above 60 for ketamine, GHB/GBL, inhalants and mephedrone. In
the LCA for lifetime PDU four classes arose from the GPM (No-PDU (79.6%); Conventional PDU
(13.8%); Intensive conventional PDU (4.9%); Heavy PDU (1.8%)) and four among MSM (No-PDU
(57.7%); Conventional PDU plus poppers (18.8%); PDU preferring chemsex drugs (6.4%); Heavy PDU
(17.2%)). For PDU during the last-year, three classes arose in the GPM: No-PDU (94.7%); Conventional
PDU (4.3%); Heavy PDU (0.9%). For MSM, we identified four classes: No-PDU (64.7%); Conventional
PDU plus poppers (15.6%); PDU preferring chemsex drugs (6.2%); Heavy PDU (13.5%). MSM should
be considered a priority group for the prevention of the use of all drugs but the heterogeneity of PDU
typologies regarding users’ preference towards conventional and/or sexualised drugs needs to be
taken into account.
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1. Introduction
Men who have sex with men (MSM) usually show poorer health indicators than
exclusively heterosexual men (HM) or general population men (GPM, that includes both
MSM and HM), including mental disorders (e.g., depression or anxiety), chronic diseases
or disabilities, and higher prevalence of human immunodeficiency virus (HIV), hepatitis

4.0/).

Int. J. Environ. Res. Public Health 2021, 18, 11609. https://doi.org/10.3390/ijerph182111609

https://www.mdpi.com/journal/ijerph

Int. J. Environ. Res. Public Health 2021, 18, 11609

2 of 14

C virus (HCV) and other blood-borne or sexually transmitted infections (STIs) [1–6]. Although less family and social support, discrimination, stigma, and victimization, as well as
greater barriers to accessing optimal health care across their life spans, could contribute to
this health disadvantage, it is probable that the greater frequency of particular unhealthy
behaviours such as drug use, including tobacco and alcohol, or high-risk sexual practices
are very important contributory factors to these health inequalities [1,4,7].
During the last decade a large number of research papers has been published, which
have focused on the use of different drugs immediately before or during sex (sexualised
drug use, SDU), especially centred on certain drugs whose use has spread recently among
MSM and that have been commonly labelled as “chem drugs”: crystal methamphetamine,
gamma-hydroxybutyrate/gamma-hydroxybutirolactone (GHB/GBL), mephedrone and,
sometimes, ketamine. However, all these studies show that the prevalences of SDU of more
traditional drugs (such as cannabis, cocaine, ecstasy or poppers) tend to be much higher
than the so called “chem drugs” [8–14]. That said, while a very important factor, sex is only
one of the reasons for using drugs, there are many others, and—with the exception of alkyl
nitrites and the four chem drugs—psychoactive drugs are probably used more frequently
by most MSM for purposes other than sex. In addition, some recent articles suggest that
drug use, both for sex and recreational purposes, is increasing, in both HIV-positive [15]
and HIV-negative MSM [16].
It is always assumed that the prevalence of drug use is much higher in MSM than
in their heterosexual counterparts, although there are not many studies outside the USA
comparing prevalence-of-use or related problems. First, it is not uncommon for authors to
claim in their conclusions that MSM have higher levels of drug use than their heterosexual
counterparts while having only MSM populations in their studies and no heterosexual
men [17–19]. So these conclusions are only based on a rough direct comparison of their
findings with the global figures for all males included in general population surveys,
without any consideration of age structure differences. Second, many of these studies are
restricted to alcohol, tobacco, cannabis or illicit/recreational drugs taken together, without
considering the specific drugs involved [4,20–25]. All of these latter studies are based
exclusively on general population surveys where the percentage of men who report having
sex with other men is very low, making it very difficult to compare the prevalence-of-use
of specific illicit drugs between MSM and other men. Practically all of these studies come
from the USA except one from the UK [4], one from Australia [26] and another from
Sweden [22] and these three have been published since 2016, because previous population
surveys did not include questions about sexual behaviour. As far as we know, only four
studies that actually compare particular levels of disaggregated prevalences of different
drugs have been published [27–30]. One [28] was carried out among men (MSM and
HM) attending two sexual health clinics in the UK, although this was in a fairly limited
sample and did not include age adjustment. The other three studies come from the USA
and present data for groups of drugs, but do not provide separate information for some
specific substances of great interest: ecstasy, methamphetamine, ketamine, GHB/GBL and
mephedrone [27,29,30].
On the other hand, in recent years there has been a growing interest in studying
polydrug use (PDU) to classify users into different profiles or typologies (two or more
subgroups with meaningful homogeneous characteristics) which take advantage of new
methodologies, especially Latent Class Analysis (LCA). This methodology offers substantial
advantages compared with more traditional techniques such as Cluster Analysis. LCA
has been described as a person-oriented approach, because it focus on similarities and
differences among individuals instead of relations among variables [31]. This approach
has been used more frequently to identify subgroups of SDU among MSM, but its use in
the analysis of PDU for any purpose is very scarce [32–35]. None of the aforementioned
studies that have compared the prevalence between MSM and HM have performed LCA
in the two populations to analyse how similar the subgroups of polydrug users and their
prevalences are in the different populations.

Int. J. Environ. Res. Public Health 2021, 18, 11609

3 of 14

The areas of Madrid and Barcelona are the two most populated in Spain and have
higher prevalences of MSM [13,36,37]. Previous studies have shown that they are among
the European cities with the highest SDU prevalences [8,9]. However, no study in these
cities, nor in Spain, has ever compared drug-use prevalence for any purpose between MSM
and GPM.
In this context, the objectives of this study were: first, to compare drug-use prevalence
between a wide sample of HIV-negative MSM attending HIV/STI services in Madrid and
Barcelona, and GPM (as a proxy of HM) from a general population survey; second, to
identify the main subgroups of polydrug users in the two populations.
2. Materials and Methods
2.1. Study Design and Participants
This is a cross-sectional study, which is part of the Methysos research project whose
purpose is to assess drug use (including SDU) in MSM. Participants were: (a) Subpopulation
of MSM: 2658 men, with the following inclusion criteria: aged 16–64, living in the provinces
of Madrid and Barcelona, attending early HIV or STI diagnosis services, self-reported
having previously had anal sex with other men and never having been diagnosed with
an HIV infection. They were recruited in 2018–2020 across four facilities, the two most
important STI clinics in Spain (Sandoval in Madrid and Drassanes in Barcelona) and two
community programmes for rapid HIV-testing (Pink Peace in Madrid and Agencia de Salut
Pública in Barcelona). The STI clinics are basically on demand services and perform testing
for all STIs. The community programmes also carry out active recruitment, including via
the use of dating apps or websites for MSM and only offer rapid testing for HIV, syphilis
and, during this project, also for HCV. (b) Subpopulation of GPM: 1720 men, aged 16–64
and living in the same two provinces. GPM were representative of general-population men
and recruited in 2018 within the framework of the EDADES Survey which uses three-stage
random sampling (census sections, households and individuals). More details can be seen
in the report of that survey [38]. The sample was stratified by age and region of residence.
2.2. Variables and Data Collection
In addition to questions on drug use, the two surveys have some sociodemographic
variables in common: age, country of birth, province of residence, size of town of residence,
highest education level achieved and employment status. The two surveys asked about
the use for any purpose of the different drugs considered in the current original: cannabis,
hallucinogens, cocaine, amphetamine, ecstasy, methamphetamine, ketamine, GHB/GBL,
volatile inhalants (poppers) and mephedrone. They also asked about the use of another two
groups of drugs: sedatives/tranquilizers/hypnotics and opioids. However, the EDADES
survey explicitly distinguished between its use “with” and “without” prescription, while
the MSM survey did not include this distinction. The wording of the MSM study was
tilted towards illegal use, because the word “drogas” in Spanish does not usually include
legally prescribed medication. In the case of opioids, EDADES asked separately about
heroin (self-reported) and many questions (by interview) about the use of many specific
prescribed opioid analgesics. However, the MSM survey asked about the use of heroin
and other opioids in a similar way to that of tranquilizers. Due to these differences, these
two groups of drugs were considered as not comparable and were thus not included in the
analysis. Detailed definitions of drug-use variables in the two questionnaires can be found
in Supplementary Table S1.
GPM data were collected through a paper-and-pencil self-administered questionnaire
(drug-use questions) or a face-to-face interview (socio-demographic questions) [38] and
MSM data through an online self-administered questionnaire, without personal identifiers,
using a tablet while waiting for consultation in the facilities.
The study was approved by the Research Ethics Committee of the Instituto de Salud
Carlos III (CEI PI 44_2018_subproyecto1-v2 and CEI PI 44_2018_subproyecto2).
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2.3. Data Analysis
Regarding outcomes, lifetime and last-year drug-use prevalence and its corresponding
95% confidence intervals (95% CI) were calculated. We compared the outcomes and
independent variables (sociodemographic) between MSM and GPM. Comparisons of
independent variables were assessed using Pearson’s χ2 or Fisher’s exact tests rejecting the
null hypothesis if p < 0.05. The relative difference in drug-use prevalence was assessed with
the crude prevalence ratio (cPR) of MSM to GPM. The variance of cPR to calculate 95% CI
was estimated using the normal approximation of the natural logarithm of cPR. Finally, to
compare the prevalence adjusting for other independent covariates the adjusted PR (aPR)
and its corresponding 95% CI were estimated from Poisson regression with robust variance
in the framework of generalized linear models [39,40]. These analyses were performed
using Stata v. 15 (Statacorp, College Station, TX, USA). Although the “age” sampling
design implied the use of weights, in the present analysis these weights were not taken
into account, as they primarily affected region and age, and here we analysed only two
regions and the aPRs were age-adjusted.
Latent class analysis (LCA) [41] was performed to identify and characterize meaningful latent classes or subgroups of participants who have similar typologies of PDU
in the reference period. We constructed ten dichotomous variables for lifetime-use and
another ten for last-year-use of the following drugs: cannabis, hallucinogens, cocaine,
amphetamine, ecstasy, methamphetamine, ketamine, GHB/GBL, volatile inhalants, and
mephedrone. We considered two different approaches. The first was to carry out different
latent class analyses for MSM and for GPM, and the second to perform one latent class
analysis for the entire population and to compare whether the prevalence of these typologies differs between MSM and GPM. Given the very wide range of PRs for the different
drugs, we thought that the existence of very different patterns among MSM and GPM were
very likely and that the conditional probabilities for the use of each substance would be
radically different for each subpopulation. For these reasons we thought it would be more
appropriate to perform a stratified analysis, similar to that performed by Achterbergh to
compare patterns of drug use for sex [42]. The results of the stratified analysis confirmed
our hypotheses, so it did not make much sense to perform the pattern analysis for the
entire population. Using the R package “PoLCA” [43] our sets of models were constructed:
two for MSM (one for lifetime use and another for last-year-use) and another two for
GPM. For each set we tested models with 2–6 classes. For the estimation of each model,
a maximum of 20 repetitions with different sets of random starting values (for avoiding
under-identification) and 1000 iterations per repetition were fixed. With this procedure all
the models with 2–6 classes converged. For the analysis of the goodness of fit of the models
with different numbers of classes the following statistical information criteria were calculated: maximum log-likelihood, G2, AIC, CAIC, BIC, ABIC, and relative entropy [44]. The
model also provides the probability (prevalence) of each latent class and the “conditional
probabilities,” which estimates the probability of a participant using each of the drugs
considered, given their membership of that class. In order to select the final model with a
specific number of classes, in addition to statistical information criteria of model fit, we also
contemplated and balanced other considerations, such as parsimony and interpretability,
including the fact that we were comparing two populations.
The proportion of missing values for outcomes ranged between 0.0% (MSM) and 4.3%
(last-year cannabis use) in GPM, and the proportions for independent variables were less
than 3%, except for area-of-birth among GPM, which was 8.8%. Employment status and
cohabitation among MSM were not collected in Barcelona. We performed a sensitivity
analysis for Madrid, to explore the effect of employment status and cohabitation on aPRs.
3. Results
3.1. Participant’s General Characteristics
Most participants were aged 16–34, born in Spain, living in urban areas, with secondary/university education, and in employment. Compared to GPM, MSM were younger,
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and more likely to be immigrants (born abroad), resident in cities with more than one
million inhabitants (Madrid or Barcelona) and secondary/university educated. The MSM
immigrants came mainly from Latin America while GPM were predominantly from other
countries (Table 1). In addition, immigrants’ length of stay in Spain was considerably lower
for MSM than GPM (7.3 vs. 12.6 years, p < 0.001).
Table 1. Comparison of sociodemographic characteristics between men who have sex with men
(MSM) and general population men (GPM) in Madrid and Barcelona, 2018–2020 (%).

GPM a
n = 1720

MSM
n = 2658
Age group
16–24
25–34
35–44
45–54
55–64
Country of birth
Spain
Latin American countries
Other countries
Size of place of residence (inhabitants)
>1 million
50,001–1 million
10,001–50,000
≤10,000
Education level
≤lower secondary (≤10 education years)
Upper secondary (11–12 education years)
University (>12 education years)
Employment status c
Employed
Unemployed
Other
Cohabitation c
Alone
Spouse/partner without children d
Spouse/partner with children d
Children without spouse/partner d
Other relatives
Non-relatives exclusively

n

%

n

%

414
1155
664
312
113

15.6 b
43.5
25.0
11.7
4.3

330
470
466
268
186

19.2
27.3
27.1
15.6
10.8

1606
765
287

60.4
28.8
10.8

1431
29
108

91.3
1.8
6.9

2073
393
97
72

78.7
14.9
3.7
2.7

665
607
303
145

38.7
35.3
17.6
8.4

169
905
1572

6.4
34.2
59.4

668
650
394

39.0
38.0
23.0

1262
120
293

75.3
7.2
17.5

1134
198
362

66.9
11.7
21.4

682
359
8
4
270
385

39.9
21.0
0.5
0.2
15.8
22.5

285
403
450
33
494
8

17.0
24.1
26.9
2.0
29.5
0.5

a

All the variables showed significant differences between MSM and GPM at p < 0.001. b The percentages are
calculated on the number of participants with known values for each variable. The proportion of missing values
for the different variables was less than 3%, except for area of birth among GPM which was 8.8%. c Employment
status and cohabitation among MSM were collected only in Madrid, not Barcelona. d Regardless of whether or
not the participants cohabit with other relatives or non-relatives.

3.2. Prevalence of Drug Use in MSM and GPM
Of the drugs considered, the most widespread were cannabis, cocaine and ecstasy,
with the addition of volatile inhalants among MSM (Table 2). Thus, the four drugs with
the highest prevalence-of-use in the last-year among MSM were volatile inhalants (51.7%),
cannabis (40.7%), cocaine (23.6%) and ecstasy (23.1%), while among GPM these were
cannabis (17.8%), cocaine (5.1%), ecstasy (1.8%) and hallucinogens (1.2%). The prevalenceof-use of all the drugs considered was significantly higher in MSM than GPM whether the
reference period was over a lifetime or during the previous year.
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Table 2. Comparison of psychoactive substance use prevalences by last-year and lifetime use between men who have sex with men
(MSM) and general-population men (GPM) in Madrid and Barcelona, 2018–2020 (%).

Prevalence in MSM a
Point

95% CI

Prevalence in GPM
Point

Crude Prevalence Ratio
MSM/GPM

95% CI

Point

95% CI b

1.2
1.3
2.0
3.8
5.0
6.2
14.7
18.6
52.0
151.2
1.6

1.1–1.3
1.1–1.6
1.8–2.2
3.1–4.7
4.1–6.0
4.6–8.4
9.5–22.9
12.0–28.8
33.8–80.0
33.4–685.3
1.5–1.7

2.3
3.5
4.6
12.3
12.8
15.2
62.1
176.8
258.5
∞
3.4

2.0–2.6
2.2–5.6
3.7–5.7
7.8–19.5
9.0–18.3
8.9–26.0
21.3–181.2
39.4–794.1
89.5–746.1
_
3.1–3.7

Psychoactive
Drug c
Lifetime drug use
Cannabis
Hallucinogens
Cocaine
Amphetamine
Ecstasy
Methamphetamine
Ketamine
GHB/GBL
Volatile inhalants
Mephedrone
Any drug d

57.3
10.4
32.9
21.0
31.2
16.1
17.7
22.3
62.4
15.1
77.6

55.4–59.2
9.3–11.7
31.2–34.8
19.5–22.6
29.5–33.0
14.7–17.6
16.3–19.2
20.8–24.0
60.6–64.3
13.8–16.6
76.0–79.2

47.1
7.9
16.7
5.5
6.3
2.6
1.2
1.2
1.2
0.1
48.7

44.7–49.5
6.6–9.2
14.9–18.5
4.4–6.6
5.2–7.5
1.9–3.5
0.7–1.8
0.7–1.8
0.7–1.8
0.0–0.3
46.8–50.6

Last-year drug use
Cannabis
Hallucinogens
Cocaine
Amphetamine
Ecstasy
Methamphetamine
Ketamine
GHB/GBL
Volatile inhalants
Mephedrone
Any drug d
Ne

40.7
4.2
23.6
13.5
23.1
12.2
12.4
17.7
51.7
12.4
67.0

38.8–42.6
3.5–5.1
22.1–25.3
12.3–14.9
21.5–24.8
11.0–13.5
11.2–13.8
16.3–19.2
49.8–53.7
11.2–13.7
65.2–68.8
2658

17.8
1.2
5.1
1.1
1.8
0.8
0.2
0.1
0.2
0.0
19.8

15.9–19.7
0.7–1.8
4.1–6.3
0.6–1.6
1.1–2.4
0.4–1.2
0.0–0.5
0.0–0.4
0.0–0.5
0.0–0.2
18.3–21.3
1720

a

All the differences between the prevalences in MSM and GPM were statistically significant at p < 0.001, except for lifetime prevalence of
hallucinogens use (p = 0.006). b To estimate the confidence intervals at 95% (95% CIs) of the crude prevalence ratios (cPRs), an estimate of
the
(SE) of the natural logarithm of the prevalence ratio (lncPR) based on the normal approximation was used. SE (lncPR) ≈
rstandard error

1−p1
1−p2
, where p1 is the prevalence in MSM, n1 is the number of MSM in the sample, p2 is the prevalence in GPM and n2 is the
n p + n p
1 1

2 2

number of GPM in the sample. c Only the most frequently used illicit psychoactive substances have been included. For this reason, alcohol,
tobacco, tranquilizers/sleeping pills, opioids and other psychoactive substances used in a medical or therapeutic context have not been
included. Psychoactive substances were ordered from the lowest to the highest lifetime prevalence ratios. d Use of any of the listed drugs
for any purpose. e The proportion of missing values for the different substances was zero in MSM and 2% or less for GPM, except for
last-year prevalence of cannabis use, which was 4.3%.

3.3. Differences in Drug Use Risk between the Two Groups of Men
The crude relative difference between MSM and GPM in the extent (prevalence) of
drug use in general (any drug) as measured by the cPR was 1.6 for lifetime and 3.4 for
last-year. However, the cPR magnitude was very different for each specific drug. Thus,
focusing on last-year, the cPRs for cannabis, hallucinogens and cocaine ranged from 2–5,
those for amphetamine, ecstasy and methamphetamine from 12–15, and those for ketamine,
GHB/GBL, volatile inhalants and mephedrone were over 60 (Table 2).
The adjusted risk of drug-use in general (any drug) as well as the risk of use of each
specific drug was significantly higher in MSM than GPM for both lifetime and last-year,
except for hallucinogens where the 95% CI for aPR for lifetime included the value 1 (Table 3).
The aPR for drug-use risk in general was 1.5 for lifetime and 3.1 for the last-year. However,
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the magnitude of aPR was very different for each specific drug. Thus, focusing on last-year,
the aPR for cannabis, hallucinogens and cocaine ranged from 2–4; those for amphetamine,
ecstasy and methamphetamine from 10–14; and that for ketamine, GHB/GBL, volatile
inhalants and mephedrone was higher than 70.
Table 3. Adjusted prevalence ratio (aPR) of psychoactive substance use between men who have sex
with men and general-population men in Madrid and Barcelona a , 2018–2020.

Lifetime Drug Use

Last-Year Drug Use

Psychoactive Drug b

aPR

95% CI

aPR

95% CI

Cannabis
Hallucinogens
Cocaine
Amphetamine
Ecstasy
Methamphetamine
Ketamine
GHB/GBL
Volatile inhalants
Mephedrone
Any drug c

1.1
1.2
1.8
3.6
4.2
5.4
11.6
15.5
53.6
190.4
1.5

1.1–1.3
0.9–1.5
1.6–2.2
2.9–4.7
3.4–5.2
3.9–7.6
7.3–18.6
9.8–24.8
33.6–85.7
26.2–1388.4
1.4–1.6

2.0
2.8
3.9
11.3
10.1
13.6
77.4
101.5
234.1
_
3.1

1.8–2.3
1.6–5.1
3.1–5.1
6.7–19.0
6.8–15.2
7.5–24.9
19.7–305.5
25.4–406.1
75.9–722.1
_
2.8–3.5

95% CI: 95% Confidence Interval. a The results come from Poisson regression models with robust variance. Results
were adjusted for age group, area of birth, province of residence (Madrid and Barcelona), size of place of residence
and educational level. b Only the most frequently used illicit psychoactive substances have been included. For
this reason, alcohol, tobacco, tranquilizers/sleeping pills, opioids and other psychoactive substances used in a
medical or therapeutic context have not been included. Psychoactive drugs are ordered from the lowest to the
highest crude prevalence ratios (See Table 2). c Use of any of the listed drugs for any purpose.

In a sensitivity analysis in Madrid, aPRs decreased somewhat when employment
status and cohabitation were added to the set of adjustment covariates, although they
continued to be very high, especially for drugs other than hallucinogens, cannabis and
cocaine (Supplementary Table S2).
3.4. PDU Typologies
Supplementary Table S3 shows the goodness-of-fit statistical information criteria used
to select the final models in the LCA. Figure 1 and Supplementary Table S4 display the four
final LCA models for MSM and GPM, and for lifetime and last-year prevalence of the ten
aforementioned drugs: three LCA with four-class models and only one with a three-class
model (last-year use in GPM).
In MSM, focusing on lifetime use, the four latent classes identified were:
-

-

-

-

Class (1) No-PDU, with a high probability of only cannabis and volatile inhalants
use (0.38 and 0.41) and a very low or zero probability (<0.05) of using any other
drugs considered;
Class (2) Conventional PDU plus poppers, with extremely high probability of using
both cannabis and volatile inhalants (0.85), very high probability of using cocaine and
ecstasy (>0.6), and medium probability of using amphetamine, methamphetamine
and GHB/GBL (0.12–0.27);
Class (3) PDU preferring chemsex drugs, with almost universal use of volatile inhalants (0.95), very high probability of using GHB/GBL, mephedrone, methamphetamine, cocaine and cannabis (0.44–0.61), and intermediate probability of using
other drugs under consideration, except hallucinogens;
Class (4) Heavy-PDU, with extremely high use-probability for all drugs (≥0.68) except
hallucinogens.
The prevalence of Class 1 was 57.7% and that of Class 4, 17.2%.
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Focusing on last-year drug-use, the model found the same four latent classes as for
lifetime use: however, the conditional probabilities of using any of the drugs were slightly
lower in all the classes and the prevalence of the classes increased for No-PDU (64.7%) and
decreased for heavy-PDU (13.5%).
For GPM lifetime use, four latent classes were also identified:
-

-

Class (1) No-PDU, very similar to the homonymous MSM class but with hardly any
volatile inhalant use;
Class (2) Conventional PDU, similar to the homonymous MSM group, but with zero or
≤2% probability of inhalant, GHB/GBL, ketamine, mephedrone, amphetamine, and
methamphetamine use, lower probability of ecstasy use, and similar use of cocaine,
hallucinogens, and cannabis;
Class (3) Intensive conventional-PDU, shows higher levels of more traditional drugs
being used than MSM;
Class (4) Heavy-PDU, again similar to the MSM group, but with practically universal
use of non-chemsex drugs and lower chemsex drug use, especially mephedrone.

The prevalence for Class 1 was 79.6% and Class 4 only 1.8%.
For last-year drug-use, only three latent classes were identified, because that most
similar to Class 3 for lifetime use disappeared; the conditional probabilities of using any of
the drugs were slightly lower in all the classes, and the prevalence of the classes showed a
strong increase for No-PDU (94.7%) and a decrease for heavy-PDU (0.9%).

Figure 1. Results of Latent Class Analysis among men who have sex with men (MSM) and general-population men (GPM)
for lifetime and last-year use: classes, prevalence of each class and conditional probabilities. a Polydrug use. * Mephedrone
is not displayed because there were no reported users for last-year among GPM. White bars: “More traditional drugs”;
Black bars: “chemsex drugs”.
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4. Discussion
4.1. Main Findings
This is the first study outside the USA that compares the prevalences of a large
number of specific drugs between MSM and GPM, and, to our knowledge, the first ever
published that compares the PDU typologies between these two populations. The study
shows that prevalences are higher among MSM for all the drugs considered, with adjusted
prevalence ratios, for lifetime use, ranging from one to five for the six more traditional
(cannabis, hallucinogens, cocaine, ecstasy and methamphetamine), and ranging from more
than ten to nearly two hundred for the four drugs that are thought to be consumed in
sexual contexts among MSM populations (ketamine, GHB/GBL, volatile inhalants and
mephedrone). When we focus on last-year use, these prevalence ratios at least doubled,
representing greater differences in the risk of recent, and probably more regular, use than
for lifetime use.
The analysis of PDU profiles shows rises in the number of drugs used and the probabilities lifetime and last-year use. The profiles in the two subpopulations are quite similar
in relation to how recreational drugs get incorporated into typologies of increasing risk.
However, in addition, MSM show their own typologies in each profile: beginning with
poppers in the no-PDU profile and ending up incorporating all the substances associated
with MSM’s sexualised drug use. Moreover, for last-year, only six out of ten MSM belonged
to the lower-risk profile (No-PDU) versus nine out of ten GPM, and for lifetime, more than
one in ten MSM matched the heavy-PDU profile, versus less than one in a hundred GPM.
4.2. Comparison with Other Studies
As can be deduced from the introduction, it is difficult to compare results from
the few studies available due to the way in which drugs are grouped differently in the
questionnaires or analysis. Regardless of the indicators employed, in practically all the
studies mentioned and for all substances, the ratios of MSM/GPM are always above
one. Data on cannabis are probably the most comparable and generally show the lowest
ratio: between 1.5 and 3 in most studies and 2.3 in this study for last-year. The ratios for
hallucinogens, cocaine and amphetamines tend to be very similar to that of cannabis in
the two general population surveys [27,29]; however, they are higher when MSM data
comes from specific MSM samples, [30] as it does with the present study. The highest
prevalence ratios are always for inhalants, due to the higher poppers-use prevalence among
MSM. However, once more, studies based on general-population surveys [27,29] show
much lower ratios (about 4–5) than those from specific MSM samples: from 21 [30] up
to 258 in the present study. We could not compare our results for the remaining drugs
(greater disaggregation) with population survey studies, because they did not distinguish
between some of the relevant drugs; ecstasy and ketamine are sometimes considered as
“hallucinogens” [29,30]. We could only compare the prevalence ratios for “the four chems”
with one other study [28]. However, in this study none of the prevalence ratios for these
drugs or inhalants were higher than 5.5, while in ours the prevalence ratios were much
higher—especially for mephedrone—with no last-year consumption in GPM. Comparisons
of studies based on prevalence ratios between MSM and GPM are more appropriate than
direct comparisons of the prevalences in MSM between studies from different countries;
this is because cross-border studies will be influenced by the prevalences in the general
population of the countries involved.
There are a number of different possible explanations for these differences among
studies. First, convenience recruitments of MSM tend to overrepresent more risk-taking
participants [45]. However, on the other hand, in general population surveys, participants
tend to hide more unusual or non-normative behaviours (reporting or social desirability
bias), so the use of “chemsex drugs” and/or poppers is probably more likely to be hidden
than that of cannabis. As a clear example, poppers-use prevalence was much lower in all
the MSM samples from general population surveys [27,29] than in those from convenience
samples [28,30].

Int. J. Environ. Res. Public Health 2021, 18, 11609

10 of 14

It was not possible to perform any comparison of the similarities and differences
of drug-use typologies between MSM and GPM obtained through LCA in the present
study, because we have not found any other studies where this analysis has also been
carried out. However, as in the present study the two LCA were independent, what
is feasible is to compare our MSM typologies with the few studies carried out in this
subpopulation that focused on the use of drugs for any purpose. One of these [34] is not
really comparable, because it targeted a 16–20-year-old population, and logically found
extremely low prevalence-of-use. The study from Malaysia [33] found very low prevalence
of use for all substances, with more than 80% of participants in a group who had not
consumed any drug in the previous six months. This is an important difference to the
present Spanish study and those from Vancouver [35] and the UK [32], because the group
using chemsex drugs in Malaysia had very low probability of cannabis or poppers use.
The LCA models in Vancouver, and especially in the UK—although not producing the
same number of classes—show a very similar pattern of typologies: a class of minimal
or practically no PDU, but who are dual users, with medium probabilities of using both
cannabis and poppers; a class with preference for “conventional/old-skool” drugs; a
class with preference for chemsex drugs, and a class of heavy users, with extremely high
probabilities of using all kinds of drugs studied. The current study in Madrid and Barcelona
found a heavy-PDU class prevalence three times higher than the other two studies, as a
consequence of having the highest prevalences for all drugs considered, though MSM tend
to live in big cities with higher levels of health risk behaviours.
4.3. Limitations
First of all, this study has employed a different way of sampling each population:
probability sampling for GPM and convenience sampling for MSM. In contrast, as noted
above, there are other studies where the two subpopulations were obtained using the same
probability sampling. However, this approach has both advantages and disadvantages.
We have already pointed out some of these when discussing possible explanations of the
heterogeneity of the prevalence ratio findings from different studies. In addition, studies
that use a general population survey for both GPM and MSM always have a very good
sample size of GPM, but a low or modest sample of MSM. In this study, as with [30], the
sizes of the two samples are more balanced. However both Woody [30] and the current
study have calculated prevalence ratios between MSM and GPM that are underestimations
of the MSM/heterosexual men ratios, as MSM are also included in GPM. However, the
magnitude of this bias should very limited as MSM are a low percentage of GPM [37]. This
bias could be compensated for by the fact that HIV positive men were not included in
the MSM sample and it is known that this group present higher levels of drug use than
HIV-negative MSM [13,32]. Comparing the prevalences ratios among homosexuals and
heterosexuals in different countries is a more effective way to study differences than direct
prevalence comparisons; this is because this approach accounts for prevalences in the
corresponding general populations, which is obviously a principal contextual determinant
of the prevalences in any given subpopulation.
The present study has focused on illegal substances and therefore does not present data
on two important groups of psychoactive substances: “sedatives/tranquilizers/sleeping
pills”, legally available on prescription but frequently obtained illegally, and “heroin or
other opiates” because of the difficulties of making valid comparisons, as explained in the
methods section. However, we estimate that sedative-use prevalence in MSM is double
that of GPM, a figure quite similar to those found in the two studies with disaggregated
data on these substances [27,30]. In the case of heroin or the main opiates we estimate that
there are no differences between the two subpopulations, as also found by the only other
study which makes the comparison [27].
Our study, as with all those mentioned here, did not ask about frequency of use
or purpose of substance use, nor, in particular, whether substances had been consumed
in sexual contexts. The findings tend to support the hypothesis that a very important
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component of prevalence differences could be attributable to use in sexual contexts, because
the main prevalence ratio differences between the two populations were for inhalants
(poppers) and “chemsex” drugs.
5. Conclusions
MSM showed higher prevalence ratios for having ever used all drugs for any purpose
than GPM, with this difference much higher for last-year use and for those substances
most considered sexualised, as inhalants and “chemsex” drugs. MSM also had different
PDU-typologies characterized by the presence of these sexualised drugs in all profiles and
the heavy all-drug-use profile which includes more than one in ten MSM for last-year use,
rising to nearly one in five for lifetime use.
Despite the limitations discussed above on comparability due to the different sampling
approach, these findings in Spain are consistent with those found in other cultural contexts,
as well as with drug use studies recently carried out in MSM populations, including
studies on the diffusion of chemsex. However, it is likely that the magnitude of the
difference may have been overestimated. New studies that employ different MSM sampling
procedures, such as convenience samples recruited online or probability surveys of the
general population with questions on both sexual behaviour and drug use, are needed.
In view of these results, MSM should be considered a high priority target group
when policy makers design prevention programmes for all kinds of substances and for
any purpose. However, these programmes should bear in mind the heterogeneity of PDU
typologies described in this population, depending on their preference either for more
conventional drugs, for drugs considered as sexualised, or for both groups of substances.
In addition, new specific studies should be carried out to provide relevant information
for the design of these preventive, harm reduction and care programs for physical and
mental health problems appropriate to the different patterns of drug use, as well as on
the role that can be played by the different types of health services where MSM who
use drugs most frequently seek care: primary health care services, STI clinics or mental
health services.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph182111609/s1, Table S1: Wording of the different psychoactive drugs included in the
analysis in the two surveys, Table S2: Adjusted prevalence ratio (aPR) of psychoactive drug use
between men who have sex with men and general population men in Madrid, using different sets
of adjustment covariates, Table S3: Goodness-of-fit statistical information criteria comparing class
membership models of polydrug use, Table S4: Results of Latent Class Analysis among men who
have sex with men (MSM) and general population men (GPM) for lifetime and last-year drug use:
classes, prevalence of each class and conditional probability of use of each drug within each class.
Author Contributions: Conceptualization, L.d.l.F., M.-J.B. and P.G.d.O.; methodology, J.H.,
M.-J.B. and P.G.d.O.; software, J.-M.G., J.H., L.H. and D.P.; validation, J.-M.G., D.P., J.d.R., J.-N.G.-P.
and Methysos Project Group; formal analysis, J.-M.G., J.H., L.H. and D.P.; investigation, L.d.l.F.,
J.-M.G., J.H., L.H., D.P., J.d.R., J.-N.G.-P., P.G.d.O. and M.-J.B.; resources, L.d.l.F., M.-J.B., P.G.d.O. and
Methysos Project Group; data curation, J.-M.G., J.H., L.H., D.P., J.d.R., J.-N.G.-P. and Methysos Project
Group; writing—original draft preparation, L.d.l.F. and J.-M.G.; writing—review and editing, J.-M.G.,
J.H., L.d.l.F., L.H., M.-J.B. and P.G.d.O.; visualization, L.H., D.P., J.d.R. and J.-N.G.-P.; supervision,
L.d.l.F., M.-J.B. and P.G.d.O.; project administration, P.G.d.O. and M.-J.B.; funding acquisition, M.-J.B.
All authors have read and agreed to the published version of the manuscript.
Funding: This study was supported by the Delegación del Gobierno para el Plan Nacional sobre
Drogas (2019I017). The Delegación del Gobierno para el Plan Nacional sobre Drogas had no further
role in study design, in the collection, analysis and interpretation of data, in the writing of the report,
and in the decision to submit the paper for publication.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the ethical committee of investigation and animal
welfare of the Instituto de Salud Carlos III (CEI PI 44_2018_subproyecto1-v2 and CEI PI 44_2018_subproyecto2).

Int. J. Environ. Res. Public Health 2021, 18, 11609

12 of 14

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.
Acknowledgments: The authors are grateful to the Delegación del Gobierno para el Plan Nacional
sobre Drogas, which has kindly provided access to the Household Survey on Alcohol and Drugs
in Spain (EDADES) database, to Pink Peace whose rapid HIV testing programme was responsible
for the recruitment of participants in Madrid and to Pablo Fernández and Mario Gonzalez of the
Bioinformatics and Data Management Unit, in the Cento Nacional de Epidemiología, for their help
in setting up our IT infrastructure for epidemiological analysis.
Conflicts of Interest: The authors declare no conflict of interest.
Methysos Project Group: Marta Donat, María del Carmen Burgos and Mario González Sánchez
(Instituto de Salud Carlos III, Madrid); José Antonio San Juan Bueno (Asociación Pink Peace, Madrid);
Francisca Roman Urrestaruzo, Jesús E Ospina and Miguel Alarcón Gutiérrez (Agència de Salut
Pública de Barcelona, Barcelona); Oskar Ayerdi, Carmen Rodríguez, Sonsoles del Corral Del Campo,
Natividad Jerez Zamora, Marta Ruiz Fernández and Montserrat González Polo (Centro Sanitario
Sandoval, Madrid); María Jesús Barbera Gracia, Luis López Pérez, Claudia Broto Cortes and Julio
Morais Martin (CAP Drassanes, Barcelona).

References
1.
2.

3.

4.

5.
6.

7.
8.

9.
10.

11.
12.
13.
14.

15.

Gonzales, G.; Henning-Smith, C. Health Disparities by Sexual Orientation: Results and Implications from the Behavioral Risk
Factor Surveillance System. J. Community Health 2017, 42, 1163–1172. [CrossRef]
Jin, F.; Dore, G.J.; Matthews, G.; Luhmann, N.; Macdonald, V.; Bajis, S.; Baggaley, R.; Mathers, B.; Verster, A.; Grulich, A.E.
Prevalence and incidence of hepatitis C virus infection in men who have sex with men: A systematic review and meta-analysis.
Lancet Gastroenterol. Hepatol. 2021, 6, 39–56. [CrossRef]
Kneale, D.; Thomas, J.; French, R. Inequalities in Health and Care Among Lesbian, Gay, and Bisexual People Aged 50 and Older
in the United Kingdom: A Systematic Review and Meta-analysis of Sources of Individual Participant Data. J. Gerontol. B Psychol.
Sci. Soc. Sci. 2020, 75, 1758–1771. [CrossRef]
Mercer, C.H.; Prah, P.; Field, N.; Tanton, C.; Macdowall, W.; Clifton, S.; Hughes, G.; Nardone, A.; Wellings, K.; Johnson, A.M.;
et al. The health and well-being of men who have sex with men (MSM) in Britain: Evidence from the third National Survey of
Sexual Attitudes and Lifestyles (Natsal-3). BMC Public Health 2016, 16, 525. [CrossRef] [PubMed]
Rice, C.E.; Vasilenko, S.A.; Fish, J.N.; Lanza, S.T. Sexual minority health disparities: An examination of age-related trends across
adulthood in a national cross-sectional sample. Ann. Epidemiol. 2019, 31, 20–25. [CrossRef] [PubMed]
Wei, D.; Wang, X.; You, X.; Luo, X.; Hao, C.; Gu, J.; Peng, S.; Yang, X.; Hao, Y.; Silenzio, V.M.B.; et al. Prevalence of depression,
anxiety and suicide among men who have sex with men in China: A systematic review and meta-analysis. Epidemiol. Psychiatr.
Sci. 2020, 29, e136. [CrossRef] [PubMed]
Knight, D.A.; Jarrett, D. Preventive Health Care for Men Who Have Sex with Men. Am. Fam. Physician 2015, 91, 844–851.
[PubMed]
Rosinska, M.; Gios, L.; Nostlinger, C.; Vanden Berghe, W.; Marcus, U.; Schink, S.; Sherriff, N.; Jones, A.M.; Folch, C.; Dias, S.; et al.
Prevalence of drug use during sex amongst MSM in Europe: Results from a multi-site bio-behavioural survey. Int. J. Drug Policy
2018, 55, 231–241. [CrossRef] [PubMed]
Schmidt, A.J.; Bourne, A.; Weatherburn, P.; Reid, D.; Marcus, U.; Hickson, F. Illicit drug use among gay and bisexual men in 44
cities: Findings from the European MSM Internet Survey (EMIS). Int. J. Drug Policy 2016, 38, 4–12. [CrossRef]
Guerra, F.M.; Salway, T.J.; Beckett, R.; Friedman, L.; Buchan, S.A. Review of sexualized drug use associated with sexually
transmitted and blood-borne infections in gay, bisexual and other men who have sex with men. Drug Alcohol Depend. 2020, 216,
108237. [CrossRef] [PubMed]
Maxwell, S.; Shahmanesh, M.; Gafos, M. Chemsex behaviours among men who have sex with men: A systematic review of the
literature. Int. J. Drug Policy 2019, 63, 74–89. [CrossRef] [PubMed]
Tomkins, A.; George, R.; Kliner, M. Sexualised drug taking among men who have sex with men: A systematic review. Perspect.
Public Health 2018, 139, 23–33. [CrossRef] [PubMed]
Guerras, J.M.; Hoyos, J.; Agusti, C.; Casabona, J.; Sordo, L.; Pulido, J.; de la Fuente, L.; Belza, M.J.; Euro HIVEdat Working Group.
Substance use in Sexual Context among Spanish Resident Men who have Sex with Men. Adicciones 2020, 0, 1371. [PubMed]
Guerras, J.M.; Hoyos, J.; Agusti, C.; Chanos, S.; Pichon, F.; Kuske, M.; Cigan, B.; Fuertes, R.; Stefanescu, R.; Ooms, L.; et al.
Association of Sexualized Drug Use Patterns with HIV/STI Transmission Risk in an Internet Sample of Men Who Have Sex with
Men from Seven European Countries. Arch. Sex. Behav. 2021, 50, 461–477. [CrossRef] [PubMed]
Hampel, B.; Kusejko, K.; Kouyos, R.D.; Boni, J.; Flepp, M.; Stockle, M.; Conen, A.; Beguelin, C.; Kunzler-Heule, P.; Nicca, D.; et al.
Chemsex drugs on the rise: A longitudinal analysis of the Swiss HIV Cohort Study from 2007 to 2017. HIV Med. 2020, 21, 228–239.
[CrossRef]

Int. J. Environ. Res. Public Health 2021, 18, 11609

16.

17.

18.

19.

20.

21.
22.
23.
24.

25.
26.
27.
28.

29.
30.

31.
32.

33.

34.
35.

36.
37.
38.

13 of 14

Coyer, L.; Boyd, A.; Davidovich, U.; van Bilsen, W.P.H.; Prins, M.; Matser, A. Increase in recreational drug use between 2008
and 2018: Results from a prospective cohort study among HIV-negative men who have sex with men. Addiction 2021, 0, 15666.
[CrossRef] [PubMed]
Barrett, P.; O’Donnell, K.; Fitzgerald, M.; Schmidt, A.J.; Hickson, F.; Quinlan, M.; Keogh, P.; O’Connor, L.; McCartney, D.; Igoe, D.
Drug use among men who have sex with men in Ireland: Prevalence and associated factors from a national online survey. Int. J.
Drug Policy 2019, 64, 5–12. [CrossRef]
Dirks, H.; Esser, S.; Borgmann, R.; Wolter, M.; Fischer, E.; Potthoff, A.; Jablonka, R.; Schadendorf, D.; Brockmeyer, N.; Scherbaum,
N. Substance use and sexual risk behaviour among HIV-positive men who have sex with men in specialized out-patient clinics.
HIV Med. 2012, 13, 533–540. [CrossRef] [PubMed]
Stall, R.; Paul, J.P.; Greenwood, G.; Pollack, L.M.; Bein, E.; Crosby, G.M.; Mills, T.C.; Binson, D.; Coates, T.J.; Catania, J.A. Alcohol
use, drug use and alcohol-related problems among men who have sex with men: The Urban Men’s Health Study. Addiction 2001,
96, 1589–1601. [CrossRef]
Gonzales, G.; Przedworski, J.; Henning-Smith, C. Comparison of Health and Health Risk Factors Between Lesbian, Gay, and
Bisexual Adults and Heterosexual Adults in the United States: Results From the National Health Interview Survey. JAMA Intern.
Med. 2016, 176, 1344–1351. [CrossRef]
Boyd, C.J.; Veliz, P.T.; McCabe, S.E. Severity of DSM-5 cannabis use disorders in a nationally representative sample of sexual
minorities. Subst. Abus. 2020, 41, 191–195. [CrossRef]
Branstrom, R.; Pachankis, J.E. Sexual orientation disparities in the co-occurrence of substance use and psychological distress: A
national population-based study (2008-2015). Soc. Psychiatry Psychiatr. Epidemiol. 2018, 53, 403–412. [CrossRef] [PubMed]
Schuler, M.S.; Rice, C.E.; Evans-Polce, R.J.; Collins, R.L. Disparities in substance use behaviors and disorders among adult sexual
minorities by age, gender, and sexual identity. Drug Alcohol Depend. 2018, 189, 139–146. [CrossRef]
Lunn, M.R.; Cui, W.; Zack, M.M.; Thompson, W.W.; Blank, M.B.; Yehia, B.R. Sociodemographic Characteristics and Health
Outcomes Among Lesbian, Gay, and Bisexual U.S. Adults Using Healthy People 2020 Leading Health Indicators. LGBT Health
2017, 4, 283–294. [CrossRef] [PubMed]
McCabe, S.E.; Hughes, T.L.; Bostwick, W.B.; West, B.T.; Boyd, C.J. Sexual orientation, substance use behaviors and substance
dependence in the United States. Addiction 2009, 104, 1333–1345. [CrossRef] [PubMed]
Roxburgh, A.; Lea, T.; de Wit, J.; Degenhardt, L. Sexual identity and prevalence of alcohol and other drug use among Australians
in the general population. Int. J. Drug Policy 2016, 28, 76–82. [CrossRef]
Goldstein, N.D.; Burstyn, I.; LeVasseur, M.T.; Welles, S.L. Drug use among men by sexual behaviour, race and ethnicity: Prevalence
estimates from a nationally representative US sample. Int. J. Drug Policy 2016, 36, 148–150. [CrossRef]
Hunter, L.J.; Dargan, P.I.; Benzie, A.; White, J.A.; Wood, D.M. Recreational drug use in men who have sex with men (MSM)
attending UK sexual health services is significantly higher than in non-MSM. Postgrad. Med. J. 2014, 90, 133–138. [CrossRef]
[PubMed]
Schuler, M.S.; Stein, B.D.; Collins, R.L. Differences in Substance Use Disparities Across Age Groups in a National Cross-Sectional
Survey of Lesbian, Gay, and Bisexual Adults. LGBT Health 2019, 6, 68–76. [CrossRef]
Woody, G.E.; VanEtten-Lee, M.L.; McKirnan, D.; Donnell, D.; Metzger, D.; Seage, G., 3rd; Gross, M.; Team, H.V.P. Substance use
among men who have sex with men: Comparison with a national household survey. J. Acquir. Immune Defic. Syndr. 2001, 27,
86–90. [CrossRef] [PubMed]
Bergman, L.R.; Magnusson, D. A person-oriented approach in research on developmental psychopathology. Dev. Psychopathol.
1997, 9, 291–319. [CrossRef]
Melendez-Torres, G.J.; Bourne, A.; Reid, D.; Hickson, F.; Bonell, C.; Weatherburn, P. Typology of drug use in United Kingdom
men who have sex with men and associations with socio-sexual characteristics. Int. J. Drug Policy 2018, 55, 159–164. [CrossRef]
[PubMed]
Lim, S.H.; Cheung, D.H.; Guadamuz, T.E.; Wei, C.; Koe, S.; Altice, F.L. Latent class analysis of substance use among men who
have sex with men in Malaysia: Findings from the Asian Internet MSM Sex Survey. Drug Alcohol Depend. 2015, 151, 31–37.
[CrossRef] [PubMed]
Newcomb, M.E.; Ryan, D.T.; Greene, G.J.; Garofalo, R.; Mustanski, B. Prevalence and patterns of smoking, alcohol use, and illicit
drug use in young men who have sex with men. Drug Alcohol Depend. 2014, 141, 65–71. [CrossRef]
Card, K.G.; Armstrong, H.L.; Carter, A.; Cui, Z.; Wang, L.; Zhu, J.; Lachowsky, N.J.; Moore, D.M.; Hogg, R.S.; Roth, E.A. A latent
class analysis of substance use and culture among gay, bisexual and other men who have sex with men. Cult. Health Sex. 2018, 20,
1424–1439. [CrossRef] [PubMed]
EMIS Spain. Encuesta Europea on-Line Para Hombres Que Tienen Sexo Con Hombres (EMIS-2017): Resultados en España. 2020.
Available online: https://sigmaresearch.org.uk/files/local/EMIS-2017_National-Report_ES.pdf (accessed on 12 October 2021).
Instituto Nacional de Estadística. Encuesta de Salud y Hábitos Sexuales. Spain. 2003. Available online: https://www.ine.es/uc/
olvXwfzA (accessed on 20 August 2021).
Observatorio Español de las Drogas y las Adicciones. Encuesta Sobre Alcohol y Drogas en España (EDADES), 1995–2017.
Ministerio de Sanidad, Consumo y Bienestar Social. Spain. 2019. Available online: https://pnsd.sanidad.gob.es/profesionales/
sistemasInformacion/sistemaInformacion/pdf/2019_Informe_EDADES.pdf (accessed on 20 August 2021).

Int. J. Environ. Res. Public Health 2021, 18, 11609

39.
40.
41.
42.

43.
44.
45.

14 of 14

Espelt, A.; Mari-Dell0 Olmo, M.; Penelo, E.; Bosque-Prous, M. Applied Prevalence Ratio estimation with different Regression
models: An example from a cross-national study on substance use research. Adicciones 2016, 29, 105–112. [CrossRef] [PubMed]
Barros, A.J.; Hirakata, V.N. Alternatives for logistic regression in cross-sectional studies: An empirical comparison of models that
directly estimate the prevalence ratio. BMC Med. Res. Methodol. 2003, 3, 21. [CrossRef] [PubMed]
Collins, L.M.; Lanza, S.T. Latent Class and Latent Transition Analysis: With Applications in the Social, Behavioral, and Health Sciences;
John Wiley & Sons: Hoboken, NJ, USA, 2009; Volume 718.
Achterbergh, R.C.A.; Druckler, S.; van Rooijen, M.S.; van Aar, F.; Slurink, I.A.L.; de Vries, H.J.C.; Boyd, A. Sex, drugs, and sexually
transmitted infections: A latent class analysis among men who have sex with men in Amsterdam and surrounding urban regions,
the Netherlands. Drug Alcohol Depend. 2020, 206, 107526. [CrossRef] [PubMed]
Drew, A.L.; Jeffrey, B.L. poLCA: An R Package for Polytomous Variable Latent Class Analysis. J. Stat. Softw. 2011, 42, 1–29.
Dziak, J.J.; Coffman, D.L.; Lanza, S.T.; Li, R.; Jermiin, L.S. Sensitivity and specificity of information criteria. Brief. Bioinform. 2020,
21, 553–565. [CrossRef]
Prah, P.; Hickson, F.; Bonell, C.; McDaid, L.M.; Johnson, A.M.; Wayal, S.; Clifton, S.; Sonnenberg, P.; Nardone, A.; Erens, B.; et al.
Men who have sex with men in Great Britain: Comparing methods and estimates from probability and convenience sample
surveys. Sex. Transm. Infect. 2016, 92, 455–463. [CrossRef] [PubMed]

