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ABSTRACT

Previous research has found that sexual minority individuals are more likely than heterosexual individuals to
engage in substance use behaviours such as the consumption of illicit drugs, heavy drinking and tobacco
smoking. This study innovates by comparing the association of different measures of sexuality with substance use
behaviours and exploring whether this association varies by place. We exploit multivariate multilevel models
with sexual attraction and sexual identity as exposure measures and Great Britain Local Authorities (LA) as
places. This study compares multivariate models for men and women, comparing measures of sexuality using
sexual attraction and sexual identity to look simultaneously at cannabis use, current smoking and alcohol use,
and variance across LAs. Sexual attraction was a stronger predictor of engaging in substance use behaviours
compared to sexual identity for men and women, and LGB women experienced greater odds of engaging in all
substance use behaviours than LGB men. After controlling for relevant covariates, there was residual LA level
variation only for women cannabis users, although it was not significant. These findings highlight the importance
of using different measures of sexuality, and that LGB women are more vulnerable to engaging in risky health
behaviours. LGB women in particular may require sexuality-specific interventions, support and policies in LAs

with greater cannabis use.

1. Introduction

Research has consistently demonstrated that lesbian, gay and
bisexual (LGB) individuals face greater health inequalities compared to
heterosexual individuals, and are more likely to engage in health-
damaging substance use including smoking, cannabis consumption
and risky alcohol use (Peacock et al., 2018). Inequalities in substance
use behaviours have received significant attention in recent research,
with reviews of the literature showing that LGB individuals have been
found to have a higher reported lifetime substance misuse of alcohol and
illicit drugs, and higher rates of smoking tobacco than heterosexual in-
dividuals (Blosnich et al., 2013; Davies et al., 2018; Goldbach et al.,
2014; Lee et al., 2009; Ritchwood et al., 2015).

Research has found higher smoking rates in lesbian and bisexual
women than in heterosexual women, suggesting unique factors associ-
ated with certain LGB groups might drive smoking behaviour, and re-
inforces the importance of looking within subgroups rather than LGB as
a whole group (Davies et al., 2020; Emory et al., 2016; Shahab et al.,
2017). Similarly, research on hazardous alcohol use has found higher
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odds for LGB women compared to heterosexual women, attributed to
greater incidences of anxiety and depression, whereby alcohol and other
substances might be used as a coping mechanism, particularly in
response to stigma (Roxburgh et al., 2016). Cannabis use in bisexual
women has also been suggested to be associated with the degree of
involvement of the lesbian, gay, bisexual and trans community, social
support available, and depression (Robinson et al., 2016), with research
finding that bisexual women were more likely to have poorer mental
health and use cannabis than lesbian women in the UK (Colledge et al.,
2015). A review by Green and Feinstein (2012) found mixed results in
terms of substance use and gender differences across LGB groups, but
ultimately suggested that certain demographic characteristics which are
protective against substance use in heterosexual populations, including
being a woman, are not protective amongst LGB populations for sub-
stance use.

Substance use has also been found to be higher in gay and bisexual
men compared to heterosexual men, and has similarly been linked to
stress arising from stigma and discrimination (Meyer, 2003), though
research is more mixed compared to women. Higher smoking
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prevalence has been found in gay and bisexual men compared to het-
erosexual men (Davies et al., 2020), though research looking at sexual
attraction rather than identity found smoking and other tobacco use
amongst those reporting attraction to both sexes a less clear pattern for
men than for women (Wheldon et al., 2018). Findings on alcohol use are
also inconsistent, as some have reported higher hazardous alcohol use in
gay and bisexual men, whilst other research has found when
socio-economic status was included in the model, this effect was then
muted (Shahab et al., 2017). Many of the studies on illicit substance use
in men who have sex with men have been associated with ‘chemsex’,
whereby individuals take drugs to enhance sexual activity, rather than
examining cannabis use on its own unrelated to sexual activity (Barrett
et al., 2019; Maxwell et al., 2019; Weatherburn et al., 2017).

Previous research on sexuality has focused mainly on using sexual
identity to represent sexuality, without considering the possible impact
of different measures. Whilst sexuality surveys have considered the use
of sexual behaviour as an indicator for sexuality (Aicken et al., 2011),
the use of sexual identity represents much of the work linking sexuality
and health outcomes, with sexual attraction much less represented than
identity and behaviour (Blosnich et al., 2013; Geary et al., 2018). The
use of sexual identity as a measure is often associated with ensuring
equal opportunities or equality monitoring purposes for surveys or or-
ganisations to represent minority groups and increase inclusion, rather
than for the purpose of analysis of sexuality measures (Geary et al.,
2018). Using sexual attraction may capture a population that may not
wish to attach an identity to themselves, as some individuals might not
identify as LGB, or be questioning their identity, but report same-sex
attraction. Whilst sexual behaviour is a useful and important part of
measuring sexuality as a whole, it is more beneficial when looking at
sexual behaviour specific issues, such as modelling sexually transmitted
infection risk. Sexual behaviour is a more sensitive topic, and therefore
individuals might not feel comfortable reporting their behaviour which
could lead to biases. Behaviour is also only useful for those that are or
have been sexually active, and therefore excludes those who are not
engaging in sexual activity.

The association between substance use behaviour and sexuality is, of
course, confounded by other factors such as education level and socio-
economic status. In Great Britain (GB), some research has found that
socio-economic status can sometimes confound the association of sexual
identity on substance use behaviours, whilst other studies have found
the effect of sexuality is still observed when including social class
(Davies et al., 2019; Shahab et al., 2017). Other individual determinants
of substance use behaviours in LGB populations include poor mental
health and wellbeing, particularly minority stress related to increased
stigma (Fallin et al., 2015; Kerr et al., 2014; Meyer, 2003). Individuals
with poorer mental wellbeing might be at risk for depression and anx-
iety, whereby substance use and maladaptive behaviours might be used
as a coping mechanism to decrease stress. Cannabis use itself in bisexual
women has been associated with depressive symptoms yet not associ-
ated with anxiety, suggesting that cannabis might have alleviated anx-
iety symptoms but exacerbated depressive ones (Robinson et al., 2016).
Thus, mental health and substance use may be a mutually reinforcing
cycle in LGB populations.

In addition, controlling for geographical clustering is also necessary,
as the role of place has been established in engaging in substance use
behaviours (Pearce et al., 2009). The influence of contextual factors in
GB has particularly been under-explored in LGB populations. In the
United States, studies have shown that states with more restrictive
same-sex legislations such as marriage bans had higher prevalence rates
of substance use disorders than states with more progressive legislations
(Hatzenbuehler, 2010). Higher prevalence rates of cannabis use in LGB
youths compared to heterosexual individuals has been found particu-
larly in neighbourhoods with lesbian, gay, bisexual and transgender hate
crimes reported (Duncan et al., 2014). A study looking at cannabis use in
young people living with HIV found that area level variables predicted
daily cannabis use for bisexual males only compared to other sexual
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orientation groups (Bruce et al., 2015). These findings suggest that the
impact of contextual effects and neighbourhoods can vary between
groups, and needs to be considered alongside other individual factors.

Whilst some research has established the link between smoking,
alcohol use and cannabis use, showing that engaging in one substance
use behaviour predicts increased use of another (Gubner et al., 2016;
Patton et al., 2005; Subbaraman and Kerr, 2015), studies have mainly
examined the association between sexuality and substance use behav-
iours in separate models. Examining the outcomes within the same
multivariate model can give better information about how sexuality is
implicated in substance use behaviour outcomes by controlling for each
other. In this model, we use a multilevel approach, whereby
within-individual outcomes are treated as level one units nested within
individuals at level two (Goldstein, 2011). This model structure can also
be extended by adding a third level to account for variability of area
level effects. Modelling the outcomes separately can result in ignoring
the possible correlation between the outcomes (Browne et al., 2019;
Rasbash et al., 2019). This multilevel multivariate approach allows us to
understand the influence of an exposure variable on the outcomes
simultaneously, and standard errors are more accurate for independent
variables than if the outcomes were modelled in isolation (Miohan et al.,
2011; Snijders and Bosker, 1999).

Based on the gaps in current research in substance use behaviours
and sexuality, this paper aims to (1) examine the associations between
sexuality and substance use behaviour, which throughout this paper
refers to the use of tobacco, alcohol and cannabis, whilst controlling for
known determinants, (2) compare if substituting sexual attraction for
sexual identity impacts on effectiveness at predicting substance use
behaviour for men and women, and (3) examine how these associations
vary geographically after taking into account compositional factors.

2. Methods
2.1. Data

We used data from the 2012 wave of the National Survey of Sexual
Attitudes and Lifestyle (NATSAL), the most recent available, which
collects data on sexuality in adults in GB. The survey was administered
to households, and a random individual aged between 16-74 was
selected from each household and asked a range of questions about
sexual behaviours and lifestyle, as well as demographic variables (Erens
et al., 2014). We were granted access to NATSAL data with attached
Local Authority (LA) geocodes. LAs consist of different councils, bor-
oughs and metropolitan districts across the UK, and administer local
services including many aspects of health promotion. There are 368 LAs
across England, Scotland and Wales. We excluded cases with less than 10
individuals in a LA, which left 347 LAs in this dataset. Missing data were
handled using listwise deletion.

2.2. Measures

2.2.1. Dependent variables

Three binary variables were used as outcomes in this analysis. The
first was smoking status, whereby individuals indicated they were light
smokers, heavy smokers, ex-smokers or non-smokers. We recoded light
smokers and heavy smokers to a single smoker category, and ex-smokers
were combined with non-smokers to estimate only those who were
current smokers. Smoking was collapsed to a binary variable due to
software limitations that do not allow for multilevel, multivariate
multinomial models. The second outcome was alcohol use, which was a
derived variable about weekly units of alcohol, collapsed into a binary
variable which measured if respondents regularly drink over the weekly
recommended limit, with the answers being ‘yes’ or ‘no’. When the data
were collected, the alcohol weekly recommended limit for men was 21
units and 14 for women. The third outcome variable was about cannabis
use, with the question asking, ‘have you ever used cannabis?’, with the
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answers being ‘yes’ or ‘no’.

2.2.2. Exposures: sexual identity and attraction

Sexuality was measured using two variables. The first asked, ‘which
of the following best describes how you think of yourself?’, measuring
individual’s self-reported sexual identity. The options included ‘gay or
lesbian’, ‘bisexual’, ‘heterosexual’ or ‘other’, the latter of which was
excluded from this analysis due to a small number of respondents in this
category. Sexual attraction was measured by asking ‘who are you
attracted to?’, with options being ‘only opposite sex’, ‘mostly same sex
and at least once opposite sex’, ‘equal sexes’, ‘mostly opposite sex and at
least once same sex’, and ‘only same sex’. We collapsed the categories
‘mostly same sex and sometimes opposite sex’ and ‘same sex only’ to
create a ‘mostly or only same sex’ category, as the numbers within these
for respondents were too small to model and would lead to biased
estimates.

2.2.3. Demographic covariates

In NATSAL, age was categorised into 5 categories with 10-year in-
tervals. Based on previous research that highlights differences within
sexual orientation groups, we stratified our data based on sex (in
NATSAL sex/gender was treated as singular and binary, referring to
male-man/female-woman) to have separate models for men and women
(Davies et al., 2018; Shahab et al., 2017).

2.2.4. Socioeconomic covariates

Education was measured by asking for the individual’s highest ed-
ucation level, which we collapsed into two categories: ‘post 16 qualifi-
cations’ for those with qualifications higher than GCSE, such as A level,
degree level, higher or equivalents. ‘No post 16 qualifications’ was
categorised as those whose highest qualification was GCSE level, or
equivalent, lower or no qualifications. Individual social class status was
derived using the National Statistics Socio-Economic Classification,
whereby occupation is used as an indicator. Five categories were
initially used: ‘professional occupation’, ‘intermediate occupation’,
‘routine workers’, ‘other’ and ‘non-classifiable’. Due to small numbers in
some categories and to avoid over-parameterisation of the model, we
combined ‘professional’ and ‘intermediate’ into one category which was
used as the referent category, and excluded ‘non-classifiable’.

2.2.5. Mental health covariate

We included a binary variable that was created based on mental
wellbeing scores from the Patient Health Questionnaire-2 (PHQ2),
whereby scores above 3 were indicated as screening positive for
depression (Arroll et al., 2010).

2.3. Statistical analysis

Data were prepared using SPSS version 24. We undertook multi-
variate multilevel modelling using MLwiN version 3.03 software to
analyse the impact of sexuality on three different substance use behav-
iours. Models were estimated using 1st order marginal quasi likelihood
(MQL) estimation, followed by 2nd order predictive quasi likelihood
(PQL) estimation. This method is recommended as MQL estimation can
lead to biased results, and so PQL provides better estimates (Rasbash
et al., 2009). Logit scores were then transformed into odds ratios (OR).
This is a single dataset multivariate model, whereby a set of dummy
variables are created to indicate which response variable is present for
the outcomes (Rasbash et al., 2019). The outcomes are therefore treated
as level one, which are then nested in individuals at level two. We have
then added third level to account for clustering across LAs. The model
for this can be expressed as;

logit (p]jk) = PouXoix + Pysexuality + Pgage + Poethnicity + f,depression
+pseducation + fgsocial class
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Where logit is the log odds for ever having used cannabis (p;), being a
current smoker (p2) and regularly going over the weekly limit of alcohol
(p3), respectively. By, ik, Pox are the random intercept terms for each
outcome varying at LA level (i). The coefficients from f; onwards are the
predictor variables that are added as coefficients to each outcome.
Sexuality refers to either sexual identity or sexual attraction. 6%, 6%,
0%, are the random effects at the LA level and the remainder of the
random effects matrix indicates covariances.

Using a multilevel multivariate model has many advantages when
testing for the effect of predictor variables on different outcomes. Firstly,
multivariate models are used when theory suggests that the outcomes
are likely to be correlated to a certain extent. By using multilevel
modelling, this allows us to test the outcomes together and infer the
relationship between the outcomes, at both the individual and LA level.
Secondly, only by looking at the outcomes together can we look at the
association between the effects of common independent variables. This
study looks at sexuality measures and other potential confounding
variables simultaneously, whilst other studies have looked at the effects
separately. Using multivariate multilevel modelling also allows us to
estimate correct standard errors and the residual variance at the LA level
to determine the effect of environmental factors that may be muted
using single level models (Mohan et al., 2011; Subramanian et al.,
2005). We examined the patterning in the residuals for each outcome
using the supergroup for the 2011 Area classifications for LAs, which has
8 supergroups (Office for National Statistics, 2015).

3. Results

3.1. Differences in substance use behaviours by sexuality for men and
women

Table 1 shows the number and percentage of individuals who report
being current smokers, regularly go over the weekly limit for alcohol,
and have ever tried cannabis. The prevalence of engaging in substance
use behaviours was lower for men and women attracted to the opposite
sex only, compared to the other sexual attraction groups. Lower preva-
lence was also seen in heterosexual men and women compared to gay or
lesbian and bisexual individuals. A chi-square test confirmed that the
association between sexuality and each substance use behaviour was
significant (p<.001).

3.2. Multivariate model results

Tables 2 and 3 show the unadjusted ORs for cannabis use, smoking
and alcohol use stratified by sex, with different models for sexual
attraction and sexual identity. The constant logit scores suggest that, for
both men and women, the likelihood of ever having used cannabis,
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Table 1
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Sample size and percentages of substance use behaviours by sexuality measure for men and women.

Ever used cannabis

Current smoker Alcohol use

Men Women Men Women Men Women

n % n % n % n % n % n %
Sexual attraction
Opposite sex only 2121 39 1731 24 1649 29 1957 26 483 8 753 10
Mostly opposite sex at least once same sex 145 54 557 62 87 32 343 38 38 14 165 18
Equal sexes 17 38 46 41 15 30 46 39 8 16 18 15
Mostly or only same sex 74 54 50 47 59 41 39 35 18 13 23 21
Sexual identity
Heterosexual 2258 39 2257 27 1729 29 2287 27 525 9 902 11
Bisexual 35 53 80 52 33 49 68 43 9 13 33 21
Gay/lesbian 60 51 43 47 47 39 34 37 16 13 21 23

Unadjusted odds ratios for sexual attraction for men and women.

Ever used cannabis Current smoker Alcohol use

Men Women Men Women Men Women

Constant -0.46 -1.17 -0.92 -1.06 -2.40 -2.22
logit (SE) (0.03) (0.03) (0.03) (0.03) (0.05) (0.04)

Sexual
attraction
(ref
opposite
sex only)

Mostly 1.92 5.27 1.14 1.74 1.73 1.98
opposite (1.50, (4.55, (0.87, (1.50, (1.20, (1.64,
sex, at 2.47) 6.10) 1.49) 2.01) 2.49) 2.39)
least once
same sex

Equal sexes 0.99 2.33 0.99 1.99 2.13 1.71

(0.53, (1.59, (0.50, (1.36, (0.93, (1.02,
1.85) 3.42) 1.94) 2.93) 4.87) 2.87)

Mostly same 1.77 2.97 1.68 1.58 1.49 2.47

sex (1.26, (2.02, (1.19, (1.05, (0.88, (1.53,
2.49) 4.38) 2.37) 2.36) 2.52) 3.96)

Bold text indicates confident intervals that do not span 1, significant at p<.05.

being a current smoker, and frequently going over the alcohol limit is
lower for those attracted to the opposite sex only and for identifying
heterosexuals. Men attracted to mostly the opposite sex but at least once
same sex were more likely to use cannabis and go over the weekly rec-
ommended alcohol limit than those attracted to the opposite sex only.
Being attracted to mostly same sex was associated with being a current
smoker for men. All three sexual attraction groups predicted cannabis
use, being a current smoker and going over the weekly alcohol limit for
women. Identifying as gay predicted being a current smoker and pre-
vious cannabis use for men. Sexual identity did not predict alcohol use
for men. Identifying as lesbian predicted cannabis use and alcohol use
for women and identifying as bisexual predicted being a current smoker
for both men and women.

3.3. Adjusted models
We adjusted the models for our two exposure measures to test the

impact of sexuality on substance use behaviours after controlling for
theoretically justified covariates, shown in Tables 4 and 5. Covariate

Table 3
Unadjusted odds ratios for sexual identity for men and women.

adjustment challenged suggestions that being attracted to mostly the
same sex was associated with cannabis use among men, and that being
attracted to mostly the same sex was associated with smoking among
women. Conversely, covariate adjustment strengthened suggestions of
an association between being attracted to mostly the same sex and
identifying as gay for smoking among men.

3.3.1. Sexual attraction

Ever having tried cannabis use for men was associated with increased
odds for those mostly attracted to the opposite sex and at least once same
sex [OR 1.90] than those attracted to the opposite sex only. Being
equally attracted to the opposite and same sex, and being attracted to
mostly same sex was not significantly associated with cannabis use for
men. Women mostly attracted to the opposite sex were more likely to
have ever tried cannabis [OR 4.17], those equally attracted to the same
and opposite sex were more likely [OR 1.80], and those attracted to
mostly or only same sex were more likely [OR 2.32] than those attracted
to the opposite sex only.

Smoking was not associated for men with being attracted to mostly
the opposite sex and at least once same sex or being equally attracted to
both the opposite and same sex. Being attracted to mostly same sex was
associated with being a current smoker compared to the opposite sex
only [OR 1.73]. For women, being attracted to mostly the opposite sex
and at least once same sex was associated with current smoking [OR
1.701, as was being equally attracted to both sexes [OR 1.75] compared
to being attracted to the opposite sex only. Being attracted to mostly or
only same sex was not significantly associated with being a current
smoker.

Frequently going over the weekly limit for alcohol for men was
associated with being most often attracted to the opposite sex but at least
once same sex [OR 1.60]. Being equally attracted to both sexes, and
mostly same sex, were not significant. For women, being most often
attracted to the opposite sex but at least once same sex was associated
with increased likelihood of frequently going over the weekly limit of
alcohol [OR 1.79], as did being attracted to mostly or only same sex [OR
2.16]. Being equally attracted to both the opposite and same sex was not
significant for women.

3.3.2. Sexual identity
Men who identified as bisexual were more likely than heterosexuals
to have ever tried cannabis [OR 1.87], but gay men were not

Ever used cannabis

Current smoker

Alcohol use

Men

Women

Men

Women

Men

Women

Constant logit (SE)

Sexual identity (ref heterosexual)

Bisexual
Gay/lesbian

-0.45 (0.03)

1.76 (1.07, 2.90)
1.59 (1.10, 2.30)

-0.97 (0.03)

2.95 (2.13, 4.09)
2.45 (1.61, 3.73)

-0.92 (0.03)

2.49 (1.52, 4.09)
1.51 (1.04, 2.21)

-1.00 (0.03)

2.01 (1.44, 2.79)
1.51 (0.98, 2.33)

-2.36 (0.05)

1.71 (0.83, 3.51)
1.51 (0.86, 2.64)

-2.13 (0.04)

2.18 (1.46, 3.26)
2.46 (1.50, 4.04)

Bold text indicates confident intervals that do not span 1, significant at p<.05
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Table 4
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Odds ratios fully adjusted model for men and women for cannabis use, current smoking and alcohol use by sexual attraction.

Ever used cannabis

Current smoker Alcohol use

Men Women Men Women Men Women
Constant logit (SE) 0.16 (0.07) -0.38 (0.07) -1.37 (0.08) -1.44 (0.08) -2.71 (0.14) -1.75 (0.09)
Sexual attraction (ref opposite sex only)
Mostly opposite sex, at least once same sex 1.90 (1.45, 4.17 (3.58, 1.23(0.93, 1.62) 1.70 (1.46, 1.60 (1.11, 1.79 (1.47,
2.50) 4.87) 1.99) 2.32) 2.17)
Equal sexes 0.91 (0.47,1.79)  1.80(1.21, 0.91 (0.45, 1.84) 1.75 (1.16, 2.16 (0.92, 5.05) 1.64 (0.98, 2.77)
2.68) 2.63)
Mostly or only same sex 1.35 (0.94, 1.93) 2.32 (1.55, 1.73 (1.21, 1.48 (0.97, 2.25) 1.35 (0.80, 2.29) 2.16 (1.34,
3.48) 2.48) 3.48)
Age (ref 16-25)
25-34 1.22 (1.04, 0.94(0.81,1.06) 1.19 (1.01, 0.96 (0.83, 1.10) 1.50 (1.11, 0.76 (0.63,
1.43) 1.41) 2.02) 0.92)
35-44 0.89 (0.74,1.07)  0.74 (0.62, 0.80 (0.65, 0.68 (0.57, 1.45 (1.03, 0.73 (0.58,
0.87) 0.98) 0.81) 2.06) 0.93)
45-54 0.48 (0.39, 0.39 (0.33, 0.82 (0.67, 1.00) 0.68 (0.57, 2.16 (1.57, 1.00 (0.79, 1.25)
0.58) 0.48) 0.81) 2.97)
55-64 0.22 (0.18, 0.22 (0.17, 0.46 (0.37, 0.44 (0.36, 2.15 (1.56, 0.67 (0.51,
0.27) 0.27) 0.58) 0.53) 2.96) 0.87)
65+ 0.07 (0.05, 0.07 (0.05, 0.41 (0.32, 0.34 (0.27, 1.79 (1.26, 0.55 (0.40,
0.12) 0.10) 0.52) 0.42) 2.53) 0.75)
Ethnicity (ref white)
Black/ Black British 0.40 (0.28, 0.34 (0.23, 0.56 (0.38, 0.37 (0.26, 0.18 (0.06, 0.11 (0.04,
0.57) 0.48) 0.83) 0.53) 0.57) 0.30)
Asian/Asian British 0.25 (0.19, 0.17 (0.11, 0.88 (0.66,1.17)  0.19 (0.12, 0.17 (0.07, 0.13 (0.06,
0.34) 0.25) 0.28) 0.43) 0.30)
Mixed/Chinese/other 1.00 (0.73,1.37)  0.69 (0.52, 1.30 (0.94, 1.81) 1.02 (0.78,1.34)  0.31 (0.12, 0.59 (0.38,
0.91) 0.76) 0.92)
Social class group (ref professional/
intermediate)
Routine 0.97 (0.84,1.12)  0.85(0.72,1.01)  1.67 (1.45, 1.59 (1.37, 0.97 (0.76, 1.23) 1.16 (0.94, 1.43)
1.93) 1.84)
Other 0.66 (0.54, 0.64 (0.55, 1.04 (0.86, 1.25) 1.00 (0.87,1.15)  0.80(0.58,1.10)  0.71 (0.57,
0.79) 0.75) 0.88)
Education (ref post 16 qualifications)
No post 16 qualifications 0.78 (0.69, 0.76 (0.69, 2.10 (1.84, 2.68 (2.39, 0.98 (0.81, 1.19) 0.84 (0.73,
0.88) 0.85) 2.39) 3.00) 0.98)
Depression (ref no)
Yes 1.68 (1.40, 1.33 (1.13, 1.77 (1.49, 1.74 (1.51, 1.27 (0.96, 1.68) 0.96 (0.78, 1.20)
2.02) 1.55) 2.13) 2.01)

Unexplained LA level variance (standard error) 0.033 (0.021)

0.066 (0.022)

0.030 (0.022) 0.034 (0.018) 0.075 (0.055) 0.054 (0.033)

Bold text indicates confident intervals that do not span 1, significant at p<.05.

significantly more likely. For women, identifying as a lesbian was
associated with increased odds of ever having tried cannabis [OR 1.92],
as was identifying as bisexual [OR 2.14] compared to heterosexuals.

Increased odds of being a current smoker was associated with iden-
tifying as gay [OR 1.57] and identifying as bisexual for men [OR 2.42]
compared to heterosexuals. For women, identifying as bisexual was
associated with increased odds of being a smoker [OR 1.55], whereas
identifying as lesbian was not significant.

For men, identifying as gay or bisexual was not significantly asso-
ciated with frequently going over the weekly limit of alcohol compared
to heterosexual men. For women, identifying as lesbian [OR 2.16] or
bisexual [OR 2.00] was associated with increased odds of frequently
going over the weekly alcohol limit.

3.3.3. Covariates

Associations with covariates were as expected. Older individuals had
decreased odds of ever having tried cannabis, except for 25-34 year old
men, and the same pattern was seen for current smoking. Increasing age
was associated with an increase in likelihood of frequently going over
the weekly limit for alcohol for men, but a decrease in likelihood for
women. Compared to white individuals, other ethnicities were associ-
ated with decreased odds of cannabis use, smoking and alcohol use for
men and women, though not all were significant. Routine occupation
was only significantly associated with increased likelihood of smoking
for men and women, and those in other professions were less likely to
have ever tried cannabis only. Having no post-16 qualifications was

associated with a decreased likelihood of cannabis use for men and
women, alcohol use only for women, and an increased likelihood of
smoking for men and women. Screening positive for depression was
associated with increased odds of ever having tried cannabis and being a
current smoker for both men and women. No significant results were
associated with alcohol use for either men or women.

3.3.4. Unexplained local authority level variance

The variance at LA level was significant only for cannabis con-
sumption among women, and this variation is evident for both sexual
attraction and sexual identity, with an estimated 7% and 9% residual
variance, respectively.

3.4. Analysis of residuals

Using the calculated residual variance and 95% confidence intervals
from the adjusted models, we examined the LA level residuals for
cannabis use for women, in the sexual identity and attraction exposure
groups.

Fig. 1 shows the residuals for sexual attraction and sexual identity for
women who have ever used cannabis, by LA type. The LA type most
clearly associated with positive residuals with cannabis use is London
Cosmopolitan, which also had the greatest variation between the re-
siduals for sexual attraction exposure group and that for sexual identity.
It is possible that women attracted to other women and living in this LA
type are more likely to have been cannabis users than the model
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Table 5
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Odds ratios fully adjusted model for men and women for cannabis use, current smoking and alcohol use by sexual identity.

Ever used cannabis

Current smoker Alcohol use

Men Women Men Women Men Women
Constant logit (SE) 0.20
(0.07) -0.17 (0.07) -1.37 (0.08) -1.34 (0.07) -2.66 (0.13) -1.66
(0.09)
Sexual identity (ref heterosexual)
Bisexual 1.87 (1.10, 2.14 (1.52, 2.42 (1.45, 1.55 (1.10, 1.69 (0.82, 3.52) 2.00 (1.34,
3.18) 2.99) 4.06) 2.19) 3.01)
Gay/lesbian 1.16 (0.79, 1.71) 1.92 (1.24, 1.57 (1.05, 1.53 (0.97, 2.41) 1.33 (0.76, 2.34) 2.16 (1.31,
2.98) 2.32) 3.56)
Age (ref 16-25)
25-34 1.23 (1.05, 0.95 (0.83, 1.09) 1.21 (1.02, 0.96 (0.83, 1.51 (1.12, 0.76 (0.63,
1.44) 1.43) 1.10) 2.04) 0.92)
35-44 0.89 (0.74,1.07)  0.73 (0.62, 0.80 (0.65, 0.67 (0.56, 1.45 (1.02, 0.73 (0.57,
0.86) 0.98) 0.80) 2.05) 0.93)
45-54 0.48 (0.40, 0.38 (0.32, 0.81 (0.66, 1.00) 0.66 (0.56, 2.15 (1.56, 0.97 (0.77, 1.21)
0.58) 0.46) 0.79) 2.96)
55-64 0.22 (0.18, 0.20 (0.16, 0.46 (0.37, 0.42 (0.35, 2.15 (1.56, 0.64 (0.49,
0.28) 0.25) 0.58) 0.51) 2.96) 0.83)
65+ 0.07 (0.05, 0.06 (0.04, 0.41 (0.32, 0.32 (0.26, 1.77 (1.25, 0.52 (0.38,
0.10) 0.09) 0.52) 0.40) 2.50) 0.71)
Ethnicity (ref white)
Black/ Black British 0.39 (0.27, 0.32 (0.22, 0.55 (0.37, 0.37 (0.26, 0.18 (0.05, 0.11 (0.04,
0.55) 0.46) 0.82) 0.52) 0.56) 0.30)
Asian/Asian British 0.25 (0.18, 0.16 (0.11, 0.86 (0.65, 1.15) 0.18 (0.12, 0.13 (0.05, 0.12 (0.05,
0.34) 0.24) 0.27) 0.37) 0.28)
Mixed/Chinese/other 0.99 (0.72,1.35)  0.69 (0.52, 0.69 (0.52, 1.02 (0.78, 1.34) 0.31 (0.12, 0.60 (0.39,
0.91) 0.91) 0.76) 0.94)
Social class group (ref professional/
intermediate)
Routine 0.97 (0.84,1.12)  0.86 (0.73,1.01) 1.67 (1.44, 1.58 (1.36, 0.96 (0.76, 1.22) 1.17 (0.95, 1.44)
1.92) 1.83)
Other 0.67 (0.55, 0.64 (0.54, 1.04 (0.87, 1.26) 0.99 (0.86, 1.14) 0.81 (0.59, 1.11) 0.71 (0.57,
0.80) 0.74) 0.88)
Education (ref post 16 qualifications)
No post 16 qualifications 0.77 (0.68, 0.72 (0.65, 2.08 (1.83, 2.59 (2.32, 0.96 (0.79, 1.17) 0.82 (0.71,
0.87) 0.80) 2.37) 2.90) 0.95)
Depression (ref no)
Yes 1.67 (1.39, 1.39 (1.19, 1.77 (1.48, 1.78 (1.54, 1.29 (0.97, 1.71) 0.99 (0.80, 1.23)
2.00) 1.62) 2.11) 2.06)

Unexplained LA level Variance (standard error) 0.034 (0.022)

0.086 (0.024)

0.031 (0.022) 0.036 (0.018) 0.073 (0.055) 0.050 (0.032)

Bold text indicates confident intervals that do not span 1, significant at p<.05

suggests. To a much lesser extent, this also applies to women attracted to
women in the LA types Affluent England and Countryside Living.
Conversely, the model is most likely to overestimate the likelihood of
cannabis use among women attracted to other women in Industrial
Legacy LAs. In the case of sexual identity, there is a generally even
spread of residuals around zero, with great model under-estimation
occurring in Cosmopolitan Living LAs and, paradoxically, LGB women
in London Cosmopolitan LAs tending to be less likely to be cannabis
consumers than suggested by the model. This latter finding suggests the
possibility that there are place-specific consequences at the LA level that
flow from the use of different measures of sexuality. Overall, however,
all LA types overlap zero, have both positive and negative LA residual
variation, and there is no systematic association between model per-
formance and LA types. Further examination of LA level covariances
showed no clear patterning to substance use behaviours once individual
factors taken into account.

4. Discussion

This study is the first to look at substance use behaviours simulta-
neously whilst comparing sexual attraction and sexual identity as
exposure groups stratified by sex. Using different measures for sexuality
may capture otherwise hidden populations that have a high risk of
substance use. Examining the outcomes together also gives better and
more accurate estimates of how the same covariates predict each
outcome (Mohan et al., 2011). Whilst some studies have started to look

at sexual attraction as a sexuality measure and acknowledge the need to
include it when examining inequalities (Geary et al., 2018; Kuyper and
Bos, 2016), our study extends current findings by also comparing
sexuality measures. We also extend previous research by using multi-
level modelling to adjust for possible higher-level influences on sub-
stance use overall and examine if there are differences in substance use
across LAs for men and women.

Our findings substantiate previous studies that suggest LGB women
use substances at higher rates than their heterosexual counterparts,
which was observed in both the sexual attraction and sexual identity
model (Fish et al., 2019; Shahab et al., 2017; Watson et al., 2018b).
Whilst the initial prevalence rates showed a higher percentage of some
substance use in different sexuality categories for men, these descriptive
statistics did not control for other factors. Previous research has attrib-
uted the inequalities in rates of alcohol use and smoking between LGB
male and female youths to a decrease in bullying for LGB males and
increased support, but less so for LGB females (Watson et al., 2018a).
Our study also suggests that bisexual individuals, or those attracted to
both sexes, might be more at risk for maladaptive behaviours in both
men and women (Shahab et al., 2017), which may be due to stigma and
less inclusive attitudes that stem from both heterosexual and gay and
lesbian communities (Homma et al., 2016).

We found that the sexual attraction model appears to show slightly
higher odds for some substance use behaviour than sexual identity and
appears to capture more differences between groups than sexual identity
alone. For women, bisexuality predicted substance use behaviour across
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Fig. 1. Residuals by LA type for women in sexual attraction and sexual identity groups.

all three outcomes, although there were differences in odds across the
level of same sex attraction. For example, being mostly attracted to the
opposite sex but at least once same sex predicted substance use more
than being attracted to equal sexes. In men, the findings were mostly
similar across the two models with few differences, though alcohol use
was not significant for LGB men in the identity model. This might sug-
gest that on the spectrum of same sex attraction and bisexuality, and
particularly for women, the increased vulnerability and potential stigma
could lead to engaging in more maladaptive behaviours than those
attracted to mostly the same sex or identifying as lesbian. Examining
same sex attraction in addition to sexual identity might uncover cate-
gories of individuals not captured within the LGB group. Using only
sexual identity may be missing some individuals who might not identify
as LGB but may be vulnerable to engaging in substance use behaviours.
These individuals could be uncertain about their identity, as previous
studies have shown questioning individuals have greater barriers to
healthcare and increased anxiety than LGB and heterosexual individuals
(Birkett et al., 2009; MacApagal et al., 2016).

Whilst other studies have demonstrated the link between sexuality
and substance behaviours (Davies et al., 2019; Robinson et al., 2016;
Shahab et al., 2017), our findings highlight the importance of looking
within LGB groups, and also across sexuality measures. This extends
previous research that has looked at smoking behaviours amongst
non-heterosexual individuals and even those examining trends amongst
sexual attraction by looking at multiple substance use outcomes (Emory

et al., 2016; Wheldon et al., 2018). Research on substance use behav-
iours in LGB populations has largely been carried out in a North
American context, and studies in GB have been limited and focussed
mainly on sexual identity as a measure of sexuality (Geary et al., 2018;
Semlyen et al., 2016; Shahab et al., 2017). This is largely due to access,
or lack thereof, to health and social surveys with appropriate sexuality
data (Uhrig, 2015). Using both sexual attraction and sexual identity has
merit in sexuality research, but incorporating measures beyond sexual
identity may give more insight into sub-categories of sexuality and
substance use and include more individuals at risk.

Adjusting for socio-economic factors affected some of the results for
men and women, particularly women reporting equal same sex attrac-
tion for alcohol use, and men reporting mostly same sex attraction or
identifying as gay and cannabis use. Other research in GB has found that
when controlling for socio-economic status, the effect of identifying as
gay for men disappeared for risky alcohol use, but not for women
(Shahab et al., 2017). This might suggest a more complex link between
alcohol use for LGB women, and cannabis use for LGB men. As depres-
sive symptoms were positively associated with ever having tried
cannabis, this might also imply that for men, inequalities persist for
bisexual individuals or those attracted to both sexes due to stigma and
greater levels of minority stress (Baams et al., 2015). In the United
States, whilst support for bisexual and gay men is better than for LGB
women (Watson et al., 2019, 2018a), it is unclear if support in GB is
equal between sexual minority groups for men.
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Looking at outcomes simultaneously using multilevel multivariate
modelling has several advantages, and allowed us to infer the relation-
ship between each outcome at LA level when controlling for individual
level covariates (Subramanian et al., 2005). We found that there was
some unobserved residual variance for cannabis use for women, but not
for other outcomes, and not for men across all outcomes. When we
examined the residuals for cannabis use in women, we found that LAs
did not differ significantly from the overall average. We also looked at
LA type, and found that there was some variation between exposure
groups, particularly in the case of London Cosmopolitan type areas, with
sexual attraction having higher positive residuals than sexual identity.
This corroborates previous research, albeit in gay men, finding that gay
enclaves, which are found mainly in cities and particularly London
Cosmopolitan areas with a concentration of LGB nightlife spaces, have
been found to facilitate cannabis use (Carpiano et al., 2011). Whilst
other research looking at smoking behaviours found the impact of
community level risk factors in the UK to be smaller than individual
level risk factors (Adachi-Mejia et al., 2012), we found that community
risk factors might be more important for cannabis use, and particularly
for women.

5. Limitations and policy implications

Despite our novel findings, our study is not without limitations.
Firstly, using predictors for sexuality is difficult with secondary health
surveys, as the groups are often unbalanced, and thus it is difficult to
examine particular trends without over-parameterising the model.
Numbers of sexual minority individuals are often small in survey data
and rely on self-reporting. The NATSAL sample size of sexual minority
individuals estimates are slightly higher than current UK estimates of
LGB individuals, which were roughly 2% in 2017 compared to 2.8% in
NATSAL wave 3 (Office for National Statistics, 2019a), though indi-
vidual categories are still small. Whilst using more robust analysis
techniques, such as MCMC, to account for small numbers would have
been preferential, limitations in current MLwiN software restrict which
estimation methods can be used. Secondly, the data in this survey were
captured before changes in guidelines for alcohol use for men, which are
now in line with guidelines for women at 14 units per week. Therefore,
male drinking habits in this study are based on outdated guidelines, and
the odds may actually be greater now. Thirdly, the inclusion of sex as a
binary variable and a lack of variables asking about individuals’ gender
did not allow for examining substance use amongst non-cis or
non-binary individuals. Fourthly, substance use behaviours were
self-reported and not objective measures, and again could
under-represent true figures of smoking, cannabis use and alcohol
intake, particularly where individuals might be less inclined to report
taking illicit drugs and other stigmatised health behaviours. Finally,
cannabis use in this study was reported as having ever used, whereas
smoking and alcohol use were current behaviours. This reflects data that
was available and suitable for analysis in this study, but ever using
cannabis may not be current and is likely to be a higher prevalence.

Future research could extend our findings by looking at other health
behaviours such as diet and exercise, and other drugs explored in the
context of sexual activity. Previous studies have also found that LGB
individuals engage in earlier initiation of substance use behaviours than
their heterosexual counterparts (Talley et al., 2019), and the role of
mental health in LGB individuals and substance use behaviours has been
well established (Davies et al., 2019; Watson et al., 2019). Looking at the
interaction of these known determinants and sexuality was beyond the
remit of this paper and would have risked over-parameterisation of the
models. Future studies could, however, look at these interactions
comparing sexuality measures. With recent policy calls for reducing
smoking in England and Wales (Department of Health, 2017), and cur-
rent research highlighting the negative health consequences of binge
drinking (Kuntsche et al., 2017), policies should take into account
different groups that are more vulnerable and consider sexuality specific
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interventions. Our results sustain calls for nationally standard policies to
reduce substance use behaviours for men and women, with a greater
focus on social determinants of health, including sexuality but also so-
cial class, education and the co-morbidity of mental health. There is,
however, still a need for LAs to assist specific populations that are un-
equally affected, such as LAs with a greater sexual minority population.
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