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Aims—\We estimated sexual-orientation differences in alcohol use trajectories during emerging
adulthood, and tested whether alcohol use trajectories mediated sexual-orientation differences in
alcohol use disorders (AUDSs).
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Design—Longitudinal self-reported survey data from the Growing Up Today Study.
Setting—United States.

Participants—A total of 12 493 participants aged 18-25 during the 2003, 2005, 2007 or 2010
surveys.

Measurements—Stratified by gender, longitudinal latent class analyses estimated alcohol use
trajectories (using past-year frequency, quantity and binge drinking from 2003 to 2010).
Multinomial logistic regression tested differences in trajectory class memberships by sexual
orientation [comparing completely heterosexual (CH) participants with sexual-minority
subgroups: mainly heterosexual (MH), bisexual (BI) and gay/lesbian (GL) participants]. Modified
Poisson regression and mediation analyses tested whether trajectories explained sexual-orientation
differences in AUDs (past-year DSM-1V abuse/dependence in 2010).

Findings—Six alcohol use trajectory classes emerged for women and five for men: these
included heavy (23.5/36.9% of women/men), moderate (31.8/26.4% of women/men), escalation to
moderately heavy (9.7/12.0% of women/men), light (17.0% for women only), legal (drinking
onset at age 21; 11.1/15.7% of women/men) and non-drinkers (7.0/9.1% of women/men).
Compared with CH women, MH and Bl women had higher odds of being heavy, moderate,
escalation to moderately heavy and light drinkers versus non-drinkers (odds ratios = 2.02-3.42; ~-
values < 0.01-0.04). Compared with CH men, MH men had higher odds of being heavy, moderate
and legal drinkers versus non-drinkers (odds ratios = 2.24-3.34; P-values < 0.01-0.01). MH men
and women, Bl women and GLs had higher risk of AUDs in 2010 than their same-gender CH
counterparts (risk ratios = 1.34-2.17; P-values < 0.01). Alcohol use trajectories mediated sexual-
orientation differences in AUDs for MH and GL women (proportion of effect mediated = 30.8—
31.1%,; P-values < 0.01-0.02), but not for men.

Conclusions—In the United States, throughout emerging adulthood, several sexual-minority
subgroups appear to have higher odds of belonging to heavier alcohol use trajectories than
completely heterosexuals. These differences partially explained the higher risk of alcohol use
disorders among mainly heterosexual and gay/lesbian women but not among sexual-minority men.
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INTRODUCTION

Alcohol use and binge drinking (i.e. consuming at least four drinks for women or five drinks
for men on one occasion [1]) in the United States is highest during the emerging adulthood
period (i.e. ages 18-25) [2-4]. Nevertheless, emerging adults have diverse alcohol use
trajectories (AUTS). This diversity is often characterized using statistical approaches well-
suited for identifying homogeneous subgroups of AUTSs [5-7]. A recent review of
longitudinal alcohol use throughout emerging adulthood found common trajectories, such as
consistently heavy drinkers, escalation drinkers and non-drinkers [8]. Importantly,
consistently heavy or escalating AUTSs place emerging adults at greater risk for acquiring
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alcohol use disorders- [9-12], which are associated with morbidity, mortality and economic
burden [13,14].

Alcohol use behaviors are not equal across all populations of emerging adults. For example,
some sexual-minority subgroups (e.g. gay/lesbian, bisexual and those who describe their
sexual orientation as ‘mostly heterosexual’) have higher alcohol use than their completely
heterosexual peers, according to both cross-sectional [15-20] and longitudinal [21-26]
research. Sexual-minority women are at greater risk of alcohol use and binge drinking than
completely heterosexual women [15-24]. Contrastingly, findings among men are mixed:
most studies found no sexual-orientation differences in the prevalence of alcohol use or
binge drinking [15-18,21,22,26]; some studies found a higher prevalence of drinking and
binge drinking for sexual-minority versus heterosexual men [20,22,23,26,27], while others
found a lower prevalence of heavy drinking among sexual-minority men [15,18,19].
However, there is little information about how sexual orientation is related to membership in
different AUT groups throughout emerging adulthood, which is a focus of the current study.
Understanding sexual-orientation differences in AUTs throughout emerging adulthood can
inform the need for and design of future alcohol use interventions, a sentiment echoed by
researchers and the Institute of Medicine [28,29].

Sexual-minority adults are also at higher risk than heterosexual adults for having alcohol use
disorders (AUDs; i.e. abuse or dependence) [30-32]. Scant research suggests that this is also
true during emerging adulthood [33], when people in the United States are at greatest risk
for AUDs [34]. Generally, the development of AUDs is associated positively with earlier or
concurrent high AUTSs [8,35,36]; therefore, sexual-orientation differences in AUTs may
partially explain sexual-orientation differences in subsequent AUDs. Support for this
hypothesis would suggest that interventions reducing sexual-orientation differences in AUTSs
may also decrease differences in AUDs. Additionally, theory and prior literature suggest that
minority stressors and social stigma related to minority sexual orientations are contributors
to elevated alcohol use and AUDs among sexual-minority populations [30,37-48].

This paper addressed gaps in knowledge about how sexual orientation is related to AUTS
and AUDs using data from a prospective cohort study. First, we estimated longitudinal AUTSs
during the emerging adulthood period. Secondly, we tested for sexual-orientation differences
in AUT memberships. Thirdly, we estimated sexual-orientation disparities in AUDs in late
emerging adulthood and tested whether longitudinal AUTSs throughout emerging adulthood
mediated these disparities in AUDs. The results of this study can help to identify sexual-
orientation subgroups at risk for having heavy AUTs and AUDs and can inform public

health strategies aimed at reducing sexual-orientation disparities in AUTs and AUDs.

METHODS

Study design and population

We analysed data from participants in the Growing Up Today Study (GUTS), which began
in 1996. GUTS initially enrolled 16 875 participants aged 9-14 years who were children of
women participating in the Nurses’ Health Study 1l (NHS2)—a cohort study of 116 430
registered nurses from 14 US states begun in 1989. The GUTS sample is similar in racial/
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ethnic distribution as the NHS2 (93.4 and 93.8% non-Hispanic White, respectively).
Additional information about GUTS is reported elsewhere [24,49]. The Brigham and
Women’s Hospital Institutional Review Board approved original study procedures.

The current study included participants who were aged 18-25 years when they responded to
at least one alcohol use item during the 2003, 2005, 2007 or 2010 survey waves, and who
provided information on sexual orientation and did not select ‘unsure’ for their sexual
orientation (11 participants were missing or ‘unsure’ of their sexual orientation). We
selected these waves because they assessed alcohol use and contained the age range focus on
in this analysis. Our analytical sample included 12 493 participants (7465 women; 5027
men), representing 74.0% of the cohort. Compared to cohort participants excluded from our
analyses, participants in our analytical sample were: more likely to be female (59.8 versus
35.8%, respectively; £< 0.001); more likely to live in the western region of the United
States at baseline (14.7 versus 11.5%, respectively; £< 0.001); more likely to have a mother
who reported her household income as = $100 000 in year 2001 (33.2 versus 27.4%,
respectively); and less likely to have a mother who did not report her household income in
2001 (18.9 versus 29.1%, respectively; £< 0.001). Participants included versus excluded in
our analytical sample did not differ by age at baseline (2= 0.094), their own race/ethnicity
(P=0.838) or their mother’s race/ethnicity (P=0.5459).

Participants’ mean age in our analytical sample was 18.8 years in 2003 and 25.2 years in
2010. Among participants in our analytical sample, 84.2% responded to the 2003 survey,
83.3% in 2005, 78.1% in 2007 and 68.2% in 2010. Overall, 53.3% responded to all four
waves, 19.7% responded to three waves, 14.6% responded to two waves and 12.5%
responded to one wave. A higher number of completed surveys was associated with being
female (P < 0.0001), younger age at baseline (P < 0.0001), living in the western region of
the United States at baseline (P < 0.0001), having a mother who reported her household
income as = $100 000 in 2001 (P < 0.0001) and with having a minority sexual orientation
(for most subgroups, see Table 1)—but was not associated with participant’s race/ethnicity
(P=0.6762) or mother’s race/ethnicity (P=0.3943).

Alcohol use—Three indicators assessed alcohol use in 2003, 2005, 2007 and 2010. These
indicators were distributed non-normally, hence we modeled them as ordinal variables. We
assessed past-year average frequency: ‘On average, in the past year, how often did you drink
beer, wine or liquor? don’t drink; less than once a month; less than once a week; 1-2 days
per week; 3-5 days per week; almost every day; or daily’. We combined daily and almost
every day because of small cell sizes, and coded this variable from 0 (“‘don’t drink’) to 6
(“daily or almost every day”). We assessed past-year average quantity: “When you drink
alcohol, how much do you usually drink at one time? don’t drink; less than 1; 1; 2; 3; 4; 5;
or 6 or more drinks’. We coded this variable from 0 (‘don’t drink’) to 7 (‘6 drinks”). We
assessed past-year binge drinking: ‘Over the past year, how many times did you drink four
(for women) or five (for men) or more alcohol drinks over a few hours? none; 1; 2; 3-5; 6-8;
9-11; or 12 or more times’. We coded this from 0 (‘none’) to 6 (‘12 or more times’).
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Alcohol use disorders—We measured criteria for probable AUD during the past 12
months for the first time in 2010, with items assessing symptoms based on the DSM-1V
[50], adapted from the National Survey on Drug Use and Health [51]. The DSM-IV
described two distinct disorders, alcohol abuse and alcohol dependence. If participants met
criteria for alcohol abuse or dependence, we coded them as having a probable AUD, creating
a single binary variable. We made this analytical decision based on prior research [30,40,52]
and because the DSM-5 [53] integrates abuse and dependence into a single disorder. We
conducted sensitivity analyses with the original DSM-IV categorizations, which yielded
similar results (not shown) to the single binary AUD variable.

Sexual orientation—Sexual orientation was assessed at each survey wave included in this
analysis. We classified participants’ sexual orientation based on their last report. An adapted
item [54] assessed sexual orientation: ‘Which one of the following best describes your
feelings?’. Completely heterosexual (attracted to people of the opposite sex); mostly
heterosexual; bisexual (equally attracted to men and women); mostly homosexual;
completely homosexual (attracted to persons of the same sex); or unsure’. Like prior
research [24], we combined mostly and completely homosexual into a single group
(henceforth gay/lesbian) to increase statistical power.

Covariates—Covariates included race/ethnicity (white versus non-white; measured at
baseline), region of residence (West versus midwest, southwest and northeast; measured in
2010), mothers’ household income (reported in the 2001 NHS2 survey), number of
completed surveys from 2003 to 2010 and age (we used age in 2010 because this is when
AUD was assessed). We assessed college attendance in 2010 using the adapted item [55]:
‘What is the highest grade of school you have completed or the highest degree you have
received?’. We dichotomized the response options into any college attendance versus none
(i.e. high/trade/vocational school graduate or less). We prospectively assessed life-time
pregnancy (yes/no) from 1999 to 2010 for women. We used the missing indicator method
[56] for college attendance, pregnancy and mothers’ household income, which creates an
additional ‘missing’ category for each variable, allowing us to analyze all available data and
preserve statistical power.

We used a classify-analyze approach to characterize longitudinal AUT classes and estimate
predictors and outcomes associated with these classes [7].

Alcohol use trajectory classes—We estimated AUTSs using longitudinal latent class
analyses in Mplus version 7.2 (Muthén & Muthén, Los Angeles, CA, USA), allowing for the
estimation of subgroup populations who differ across multiple indicators of alcohol use over
time. We estimated the unconditional model (i.e. no covariates) with the three ordinal
alcohol use variables at each participant’s age using a cohort-sequential design [57]. We
used full information maximum likelihood estimation (to use all available observations
[5,58]), the robust maximum likelihood estimator (to account for non-normality [59,60]) and
the complex survey command (to account for non-independence of sibling clusters [58]).
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We estimated the trajectory classes separately by gender because men drink higher quantities
of alcohol on average than women [61,62]. We estimated 1-9-class solution models for
women, and 1-7-class solution models for men. To determine the best-fitting number of
classes, we examined several fit statistics, including the Bayesian information criterion
(BIC), the Bayes factor (BF) and the correct model probability (cmP) [7,58,63,64]. We
considered the best-fitting model to have the lowest BIC, BF > 10, the greatest cmP and
highest interpretative validity [7,60,63]. We examined entropy and other classification
qualities, i.e. average posterior probabilities (AvePP) and odds of correct classification
(OCC) [7,65]. We considered good latent class separation and classification precision as
classes that had AvePP > 0.7 and OCC > 5 [65]. We assigned participants to the class for
which they had the highest posterior probability of membership.

Disparities in alcohol use trajectory class membership—Using SAS version 9.4
(SAS Institute, Cary, NC, USA), we used Rao-Scott XZ tests adjusting for sibling clusters to
examine the bivariate associations of trajectory groups with sexual orientation and
covariates. We fitted multinomial logistic regression models to test for sexual-orientation
differences in trajectory class membership (polytomous variables), controlling for
covariates, using generalized estimating equations (GEE) to account for sibling clusters.
Reference groups were non-drinkers (versus other trajectory classes) and completely
heterosexuals (versus sexual-minority subgroups).

Alcohol use disorders—Because AUD prevalence was greater than 10%, we fitted
modified Poisson regression models using GEE [66]. First, we estimated sexual-orientation
differences in AUDs, controlling for covariates. Secondly, we estimated the effects of sexual
orientation and alcohol trajectory classes on AUD, controlling for covariates. Subsequently,
we tested whether the AUT classes mediated sexual-orientation differences in AUDs using
the publicly available %MEDIATE macro, which computes the mediation proportion (i.e.
indirect effect) of exposure effects explained by the effect of the exposure on proposed
mediator variable (i.e. AUTSs) [67]. Using the difference method, the mediation proportion is
calculated as 1 - (g) where B is the coefficient of the exposure variable on the outcome
variable when controlling for the proposed mediator, and a is the coefficient for the
exposure variable on the outcome variable when not controlling for the proposed mediator
[68].

Overall, 81.1% of women identified as completely heterosexual [CH], 15.0% as mostly
heterosexual [MH], 2.3% as bisexual and 1.5% as lesbian (Table 1). Among men, 90.4%
identified as CH, 6.0% as MH, 0.7% as bisexual and 2.9% as gay.

We selected the six-class model for women and the five-class model for men because these
models met our selection criteria (i.e. thresholds for certain values), had agreement
throughout the most fit statistics (Table 2) and had theoretical and meaningful
interpretations. These classes had good separation and adequate assignment (all AvePP >
0.77 and OCC > 11).

Addiction. Author manuscript; available in PMC 2019 October 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Coulter et al.

Page 7

Supporting information, Fig. S1 depicts the latent classes for women. Non-drinkers (7.0%)
mostly abstained from drinking. Heavy drinkers (23.5%) used 1-2 days/week, consumed
four to five drinks/occasion, and 55-80% of them engaged in monthly binge drinking.
Moderate drinkers (31.8%) increased their frequency slightly from ages 18-21 to 1-2 days/
week, and then plateaued until age 25. Their average quantity increased slightly from ages
18 to 19 at three drinks, and decreased to two drinks by age 25. Their binge drinking
increased slightly from 18-21 to 6-8 times/year, and then plateaued until age 25. Legal
drinkers (11.1%) abstained from alcohol use from ages 18-20, and nearly all of them drank
alcohol from ages 21-25. Escalation to moderately- heavy drinkers (9.7%) abstained from
drinking at age 18, and escalated to moderately heavy use by age 21, plateauing thereafter.
Light drinkers (17.0%) consumed two drinks/occasion less than once a month and engaged
in one binge drinking episode/year, on average, from ages 18 to 25.

Supporting information, Fig. S2 depicts the latent classes for men. Non-drinkers (9.1%)
mostly abstained from drinking. Heavy drinkers (36.9%) consumed alcohol 1-2 days/week
at age 18, which increased slightly to age 21, plateauing thereafter. Most heavy drinkers
consumed six drinks/occasion at age 18, decreasing slightly from ages 19 to 25. Fifty per
cent of heavy drinkers engaged in monthly binge drinking at age 18, and 75-95% engaged in
monthly binge drinking from ages 19-25. Moderate drinkers (26.4%) increased their
frequency slightly from ages 18-21 to 1-2 days/week and then plateaued until age 25. Their
quantity was three to four drinks/occasion from ages 18 to 22, decreasing slightly thereafter.
Their binge drinking remained consistent from ages 19 to 25 at approximately three to five
binge drinking episodes/year. Legal drinkers (15.7%) largely abstained from alcohol use
from ages 18 to 20, and nearly all drank from ages 21 to 25. Escalation to moderately heavy
drinkers (12.0%) abstained from drinking at age 18, and escalated to moderately heavy use
by age 20, plateauing thereafter.

Sexual orientation and covariates were associated with AUT classes (Table 3). For women,
MH and bisexual participants had significantly higher odds [odds ratios (ORs) range = 2.02—
3.42; P-values range < 0.0001-0.0351; Table 4] than CH participants of being heavy,
moderate, escalation to moderately heavy and light drinkers versus non-drinkers. For men,
MH participants had significantly higher odds (ORs range = 2.24-3.34; P-values range <
0.0001-0.0084) than CH participants of being heavy, moderate and legal drinkers versus
non-drinkers. Gay men had 3.38 times the odds (£ =0.0027) of CH men of being moderate
drinkers versus non-drinkers.

Among women, the prevalence of probable AUD was 17.2% (8.7% with abuse only and
8.5% with dependence). Sexual-minority subgroups were 2.00-2.17 times more likely (~-
values < 0.0001) than CHs to meet criteria for probable AUD in 2010 (Table 5; multivariable
model 1). Heavy, moderate and escalation to moderately heavy drinkers were more likely
than non-drinkers to evidence AUD [risk ratios (RRs) range = 11.79-29.82; P-values <
0.0001; multivariable model 2]. AUT classes mediated differences in AUD for MH and
leshian women (mediated proportions range = 30.8—-31.1%; P-values range < 0.0001-
0.0180). After controlling for AUT classes, MH, bisexual, and leshian women remained
more likely than CH women to evidence AUD (RRs range: 1.71-1.85; P-values range <
0.0001-0.0013).
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Among men, the prevalence of probable AUD was 28.0% (13.1% with abuse only and
14.9% with dependence). Compared with CH men, MH men were 1.34 times more likely (P
= 0.0044), and gay men were 1.59 times more likely (= 0.0001) to evidence AUD (Table 5;
multivariable model 1). Heavy, moderate, legal and escalation to moderately heavy drinkers
were more likely than non-drinkers to meet criteria for AUD (RRs range = 5.60-38.69; ~-
values range < 0.0001-0.0037; multivariable model 2). AUT classes did not mediate sexual-
orientation differences in probable AUD for men. After controlling for AUTs, MH (RR =
1.40; P=0.0002) and gay men (RR = 1.72; £< 0.0001) were more likely than CH men to
meet criteria for AUD.

DISCUSSION

We found distinct AUT classes for women and men: this includes heavy, moderate,
escalation to moderately heavy, legal, light (for women only) and non-drinkers. While our
trajectories were similar to previous research [8], our study extended previous literature by
simultaneously modeling three indicators of alcohol use for each year of the emerging
adulthood period, providing rich longitudinal descriptions of alcohol use. Moderate and
heavy drinkers comprised the largest classes for both men and women (55-63%), suggesting
moderate to heavy alcohol use during emerging adulthood is normative. Chronic heavy and
moderate alcohol use have myriad short- and long-term consequences, such as AUDs,
reduced neurocognitive functioning, alcohol-impaired driving, high-risk sexual behaviors,
cardiovascular diseases and cancers [20,69-81]. Non-drinkers were the smallest class. We
also found a small class of legal drinkers which, to our knowledge, only emerged in a study
conducted in Sweden [82]; this small AUT class may be related to minimum legal drinking
age laws in the United States, which prohibit drinking before age 21.

We also found that several sexual-minority subgroups had greater odds of being in higher
AUT classes than CHs, and these disparities were larger for women than men. Our
longitudinal study extends prior research [15-26] by showing that certain sexual-minority
subgroups have greater odds of having higher AUTSs across emerging adulthood. This
probably places sexual-minority emerging adults at greater risk than CHs for numerous
alcohol-related problems [20,69-81]. Additionally, long-term problems may be heightened
among sexual-minority populations because they begin drinking alcohol at earlier ages than
CHs [24,43].

Several sexual-minority subgroups were at greater risk than CHs for probable AUDs. While
AUD:s are usually higher among sexual-minority adults [30-32], we corroborated the little
research [33] quantifying sexual-orientation differences in AUDs during the emerging
adulthood period. Furthermore, we added novel contributions by examining whether sexual-
orientation differences in AUDs were mediated by longitudinal AUTs. We found
longitudinal AUTSs explained 30.8-31.1% of sexual-orientation disparities in AUDs for MH
and lesbian women, but did not explain these associations for men. Therefore, decreasing
sexual-minority populations’ alcohol use may reduce some of the burden of AUDs in MH
and leshbian women, but not among sexual-minority men.
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Social ecological factors may be determinants of sexual-orientation disparities in AUTSs and
AUDs. Prior research shows that minority stress—internalized, interpersonal or structural
stigma—may influence sexual-orientation disparities in alcohol use and disorders [30,37—
48]. For example, sexual-minority populations face chronic and acute stressors because of
their minority sexual orientation, which can lead to drinking as a coping mechanism [37].
Furthermore, sexual-minority stressors and cultural norms (e.g. gay bar attendance) may
interact with alcohol use to place sexual-minority populations at greater risk for AUDs, as
posited by differential vulnerability models of health [83,84]. This may be particularly
relevant for the paradoxical finding among gay men, wherein they had a higher risk of
probable AUD than CH men but in most circumstances did not have higher odds of heavier
AUTSs. Alternatively, sexual-minority populations may be more likely than CHs to report
AUD symptoms because they are more likely to be in mental health treatment [85], thereby
increasing their awareness about how alcohol negatively impacts their wellbeing.

Our study has limitations. GUTS participants were sampled non-probabilistically from the
United States, were predominantly college-attending non-Hispanic white and were children
of mothers who were NHS2 participants; our results may not generalize to more globally,
racially, ethnically or socio-economically diverse populations. For example, AUD prevalence
in our sample was slightly higher in our study than national US estimates in 2010 [86].
Additional research on this topic is needed with more diverse and representative samples.
Attrition bias may be present if non-response was related differentially to sexual orientation,
AUT classes or AUD; however, the extent of this bias is unknown. Despite using prospective
cohort data, we cannot confirm causality or temporality. Additionally, sexual orientation was
measured using each participant’s last report of sexual identity/attraction; thus, our findings
may not be generalizable to other operationalizations of sexual orientation (e.g. sexual
behavior, sexual orientation trajectories). Some sexual-orientation subgroups were small,
limiting statistical power. We also removed the few people who reported being ‘unsure’ of
their sexual orientation (limiting our knowledge of this subgroup), and had few bisexual men
in our study (limiting statistical power). GUTS measured past-year AUD for the first time in
2010 (precluding us from solely examining incident AUDSs) using self-reported items (not
clinical assessments) based on the DSM-IV criteria and not DSM-5, which slightly revised
the definition of AUD [50,53]. There may be measurement error attributable to the
classification of longitudinal latent classes. However, a sensitivity analysis comparing the
results from classification-error corrected analyses (not shown) to our reported findings did
not differ substantively. As such, we expect that classification error-corrected results of AUD
analyses would be similar to our reported findings, even in the presence of minimal non-
differential misclassification. We may have residual confounding, despite controlling for
several covariates.

Our study extended the literature by investigating sexual-orientation differences in AUTS
and AUDs in emerging adulthood. Our findings can inform future intervention and
epidemiological studies. Given the sexual-orientation disparities in our study, sexual-
minority emerging adults should be a priority target population for interventions aimed at
reducing alcohol use and AUDs. However, scant intervention research aims to reduce
alcohol use and disorders among sexual-minority populations [29]. Sexual-orientation
disparities in AUDs were explained partially by AUTs for MH and lesbian women but not
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for men, highlighting the need for research testing additional causal mechanisms that can
serve as modifiable targets for interventions. Epidemiological and intervention research can
help to understand and eliminate sexual-orientation disparities in AUTs and AUDs, thereby
fostering health equity for sexual-minority populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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