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ABSTRACT

ARTICLE HISTORY

Introduction: The purposes of this study were (1) to summarize multiple related health
indicators within a health domain using latent class analysis (LCA) to identify the patterns
of risky behaviors and health conditions; (2) to profile high-risk behaviors and health
conditions among sexual minority students.
Methods: The Rhode Island Youth Risk Behavior Survey is a population-based high
school survey conducted in odd years between 2007 and 2015 with a total sample size of
14,718. Thirty-four indicators of five domains were identified: safety and being bullied,
depression and suicide, substance use, sexual behavior, and health conditions. LCA was
used to categorize students into high- and low-risk classes based on similar patterns of
indicators, then these two classes were cross-tabbed with sexual minority categories.
The analysis was conducted in 2017.
Results: Bisexual, lesbian and gay, and unsure (of sexual orientation identity) students
had higher health-related risks and conditions than their heterosexual peers. Students
who reported sexual contact were more likely to have engaged in risky behaviors than
those who reported they never had sexual contact. Those who identified as heterosexual,
but who had sexual contact with the same sex or both sexes, were more likely to have
engaged in risky behaviors than those who identified as heterosexual, but who did not
have sexual contact with the same or both sexes.
Conclusions: The LCA method can be applied to identify and define risk behavior
patterns among subgroups, which can improve the specification of high-risk populations
and allocation of prevention resources.
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Introduction
Sexual minority youth refer to gay, lesbian, bisexual,
transgender, queer, and questioning adolescents and
youth who have had sexual contact with both sexes
or same-sex—only in the literature [1,2]. Numerous
studies have demonstrated that sexual minority
youth experience notable disparities in many risk
behaviors and health conditions [3–5]. They exhibit
a greater prevalence of violent victimization, dating
violence, depression, suicidal behaviors, substance
use, homelessness, sexual risk-taking, overweight,
physical inactivity, and eating disorder symptoms
than heterosexual peers [4,5–15]. Bisexual youth
have higher odds of reporting dating violence compared with heterosexuals, and youth who have had
sexual contact with both sexes are more vulnerable
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to physical dating violence than youth having
sexual contact with same-sex partners only [2].
Health risks and health conditions tend to co-occur
and cluster among sexual minorities [3,14]. For
instance, unprotected sexual intercourse or sexual
intercourse with multiple partners is related to
alcohol and illicit drug use among sexual minority
students [14]. However, there is little research on
the patterns underlying this co-occurrence, and traditional analytic methods are not sufficient for this
purpose.
The Youth Risk Behavior Survey (YRBS), is a
statewide population-based health survey, which
monitors multiple health domains, including safety
and being bullied, depression and suicide, substance use, sexual behavior, and health conditions.
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Since 2007, Rhode Island’s (RI’s) YRBS has included
sexual identity and sexual contact questions. Each
of these health domains included risk behaviors
or health conditions, most of which are highly
correlated. Traditional analytical methods such
as logistic regression can adjust for multiple risk
behaviors, but they focus more on individual risk
behaviors or health conditions of each domain
[16]. If they included multiple highly correlated
behaviors, it can cause multi-collinearity, which
will distort estimates of the findings. Therefore,
conventional analytical methods were not designed
to analyze complex relationships involving multiple
domains [16].
Latent class analysis (LCA) is a model-based
latent class profile method that can categorize
students according to their patterns of health risk
behaviors and conditions. Therefore, the authors
adopted LCA, a more robust method, which enabled
a more complete examination of the co-occurrence
or clustering of student risk behaviors and health
conditions in sexual minority and unsure (of
sexual orientation identity) population. One of
the goals of Healthy People 2020 is “To improve
the health, safety, and well-being of lesbian, gay,
bisexual, and transgender individuals [17].” The
purposes of this study were to use LCA to identify
patterns of risky behaviors and health conditions
among RI public high school students, and to profile the influence of high-risk behaviors on sexual
minority students.

concerning health-risk behaviors and health conditions [18].

Data source

LCA can summarize many discrete indicators into
an interpretable number of latent classes [19]. The
unit of analysis is the combination of indicators
[16]. In the study, the eight indicators of safety
and being bullied have a total of 256 (28) possible
combinations; the four indicators of depression
and suicide have a total of 16 (24) possible combinations; the 12 indicators of substance use have a
total of 4,096 (212) possible combinations; the five
indicators of sexual behavior have a total of 32 (25)
possible combinations; and the five indicators of
health conditions have a total of 32 (25) possible
combinations [16,20].
To determine the most parsimonious model, a
two-class model was fit, followed by sequentially
increasing the number of latent classes (up to five
classes in our study). Criteria used to select this
model included the classification statistics (entropy
R², standard R², and classification errors) to assess

Methods

Data are from RI’s 2007–2015 High School YRBS.
The YRBS is used to monitor health risk behaviors and conditions related to the major causes
of mortality, disease, injury, and social problems
among youth and adults in the United States and
is sponsored by the Centers for Disease Control
and Prevention (CDC) [18]. The RI high school
YRBS data for the years 2007, 2009, 2011, 2013,
and 2015 were combined to increase the sample
size of sexual minority youth groups. The overall
response rates across these 5 years ranged from
66% to 71%. Respondents with missing data on sex
(n = 69), sexual orientation (n = 307), and sexual
contact (n = 437) were excluded. The final data set
contained a total of 14,718 students. These self-reported, weighted findings are representative of
9th- to 12th-grade public high school students in
RI and can be used to make important inferences
194

Domains, and health behaviors and conditions

Based on the exploratory data analysis, 34 dichotomous student-level indicators of five health
domains were identified: safety and being bullied,
depression and suicide, substance use, sexual
behavior, and health condition. Then, LCA was
utilized to identify latent classes of students
with similar profiles in the five domains of 34
student-level indicators. The detailed definitions
of health-related risk behaviors and conditions are
shown in the Appendix Table A.
Sexual minority students

Sexual orientation identity was based on the
state-added question, “Which of the following best
describes you?” heterosexual (straight); gay or
lesbian; bisexual; or not sure. Sex of sexual contacts was based on “What is your sex?” female; or
male, along with the state-added question, “During
your life, with whom have you had sexual contact?”
I have never had sexual contact; females; males;
or females and males. Students were classified as
having had opposite-sex contact only, same-sex
contact only, both-sex contact, or have never had
sexual contact. For this study, sexual minority students were defined as those who identified as gay
or lesbian, bisexual or unsure, or who had same-sex
contact or both-sex contact.

Analysis
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Appendix Table A. Questions for 34 health-risk behaviors, RI High School YRBS, 2007–2015.
Health risk behaviors
Safety and Being Bullied
Rarely/Never wore a seatbelt
Rode with a drinking driver
Carried a gun on school property
Did not go to school due to
feeling unsafe
Fought at school
Hit by boyfriend/girlfriend on
purpose
Forced to have sexual intercourse
Bullied on school property

Questions
How often do you wear a seat belt when riding in a car driven by someone else?
1: Never/Rarely; 2: Sometimes/Most of the time/Always
During the past 30 days, how many times did you ride in a car or other vehicle driven by
someone who had been drinking alcohol? 1: 0 times; 2: 1+ times
During the past 30 days, on how many days did you carry a weapon such as a gun, knife, or club
on school property? 1: 0 days; 2: 1+ day
During the past 30 days, on how many days did you not go to school because you felt you
would be unsafe at school or on your way to or from school? 1: 0 days; 2: 1+ day
During the past 12 months, how many times were you in a physical fight on school property?
1: 0 times; 2: 1+ time
During the past 12 months, did your boyfriend or girlfriend ever hit, slap, or physically hurt you
on purpose? 1: Yes; 2: No
Have you ever been physically forced to have sexual intercourse when you did not want to?
1: Yes; 2: No
During the past 12 months, have you ever been bullied on school property?
1: Yes; 2: No

Depression and Suicide
Felt sad/hopeless
Considered suicide
Planned suicide
Attempted suicide

During the past 12 months, did you ever feel so sad or hopeless almost every day for two weeks
or more in a row that you stopped doing some usual activities? 1: Yes; 2: No
During the past 12 months, did you ever seriously consider attempting suicide?
1: Yes; 2: No
During the past 12 months, did you make a plan about how you would attempt suicide?
1: Yes; 2: No
During the past 12 months, how many times did you actually attempt suicide?
1: 0 times; 2: 1+ time

Substance Use
Current cigarette use
Current smokeless tobacco use
Current cigar use
Current alcohol use
Consumed five+ drinks in a row
Current marijuana use
Ever tried cigarette smoking
Ever used marijuana
Ever used cocaine
Smoked a cigarette before the age
of 13 years
Drank alcohol before the age of 13
years
Tried marijuana before the age of 13
years
Sexual Behavior
Currently sexually active
Ever had sexual intercourse
Ever had sex with 4+ persons during
their life
Had sexual intercourse before the
age of 13 years
Not taught in school about AIDS/HIV
Health Condition
Actual overweight (BMI percentile)

www.jbehavioralhealth.com

During the past 30 days, on how many days did you smoke cigarettes?
1: 0 days; 2: 1+ days
Did you use chewing tobacco, snuff, or dip on one or more of the past 30 days?
1: Yes; 2: No
During the past 30 days, on how many days did you smoke cigars, cigarillos, or little cigars?
1: 0 days; 2: 1+ days
During the past 30 days, on how many days did you have at least one drink of alcohol?
1 0 days; 2 1+ days
During the past 30 days, on how many days did you have 5 or more drinks of alcohol in a row,
that is, within a couple of hours? 1: 0 days; 2: 1+ days
During the past 30 days, how many times did you use marijuana?
1: 0 times; 2: 1+ times
Have you ever tried cigarette smoking, even one or two puffs?
1: Yes; 2: No
During your life, how many times have you used marijuana? 1: 0 times; 2: 1+ times
During your life, how many times have you used any form of cocaine, including powder, crack,
or freebase? 1: 0 times; 2: 1+ times
Do you smoke a whole cigarette for the first time before the age of 13 years?
1: Yes; 2: No
Did you have your first drink of alcohol other than a few sips before the age of 13 years?
1: Yes; 2: No
Did you try marijuana for the first time before the age of 13 years?
1: Yes; 2: No
Did you have sexual intercourse with one or more people during the past three months?
1: Yes; 2: No
Have you ever had sexual intercourse? 1 Yes; 2 No
Did you have sexual intercourse with four or more people during their life?
1: Yes; 2: No
Did you have sexual intercourse for the first time before the age of 13 years? 1: Yes; 2: No
Have you ever been taught about AIDS or HIV infection in school? 1: Yes; 2: No
Percentage of students who were overweight or obese (>= 85th percentile for BMI, based on
sex- and age-specific reference data from the 2000 CDC growth chart)
Continued
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Health risk behaviors
Described themselves as overweight
Not active 60 minutes on 5+ past
7 days
Have long-term health problems
Have learning disabilities

Questions
Do you describe yourselves as slightly or very overweight?
1: Yes; 2: No
During the past 7 days, on how many days were you physically active for a total of at least 60
minutes per day? 1: 0–4 days; 2: 5+ days
Do you have any physical disabilities or long-term health problems? 1: Yes; 2: No
Do you have any long-term emotional problems or learning disabilities? 1: Yes; 2: No

the goodness of fit of the model (Table 1) [20,21].
Entropy R-squared and standard R-squared indicate
how well one can predict class memberships based
on the indicators, and the closer these values are to
1, the better the predictions [20,21]. It is common
to select the model with a classification error closest to 0 [20,21]. The interpretability of the classes
was also considered.
Latent GOLD 4.5 [21] was used to perform the
LCA because this software can accommodate the
complex sampling design of YRBS and can also
handle missing data [21]. LCA was used to group
students into two distinct latent classes distinguished by five health domains: low risk (class
1) and high risk (class 2). The software identified
the indicators as structurally missing and treated
them as missing at random and totally dependent
on the covariates [21,22]. Weighted percentages
were computed to profile high-risk behaviors and
health conditions among sexual minority students.
SAS version 9.4 [23] was used for all other analysis and accounted for the complex sampling design
of YRBS. The YRBS year was included as another
stratum. CDC’s Institutional Review Board (IRB)
approved the survey administration; IRB approval
was unnecessary for this secondary analysis. The
analysis was conducted in 2017.

Results
Based on the classification statistics and interpretability, LCA classifies RI high school students into
two distinct classes. The two-class LCA yielded
good entropy R-squared, standard R-squared, and
classification errors and provided the fit for all the
five health domains (Table 1).
Fourteen percent (14%) of RI’s high school
students belonged to the high-risk class for the
safety and being bullied domain: 30% or more in
this class reported that they rarely/never wear a
seatbelt, did not go to school due to feeling unsafe,
fought at school, were hit by boyfriend/girlfriend on
purpose, or were forced to have sexual intercourse.
In the remaining 86% of the population, less than
7% reported any of these risky behaviors (Fig. 1A).
Thirteen percent (13%) of the students belonged to
the high-risk class for the depression and suicide
domain: at least 48% in this class reported that
they felt sad/hopeless, considered suicide, planned
suicide, or attempted suicide. In the remaining 87%
of the population, 4% or less reported any of these
behaviors except felt sad/hopeless (16%) (Fig. 1B).
Over one-third (35%) of the student population
belonged to the high-risk class for the substance
use domain: at least 47% of these reported having
current alcohol use, consumed five+ drinks in a row,

Table 1. Fit of Latent Class Models Using Classification Statistics for Health Domains of the RI YRBS, 2007–2015
Classification Statistics
Health Domain

Safety and
Bullied
Depression and
Suicide
Substance Use
Sexual Behavior
Health Condition

Entropy R-squared

Standard R-squared

Classification errors

2-Class
Model

3-Class
Model

4-Class
Model

5-Class
Model

2-Class
Model

3-Class
Model

4-Class
Model

5-Class
Model

2-Class
Model

3-Class
Model

4-Class
Model

5-Class
Model

0.5856

0.6034

0.4896

0.4908

0.5999

0.5836

0.4702

0.4500

0.0607

0.0631

0.1302

0.1381

0.8359

0.6621

0.5936

0.3802

0.8490

0.6554

0.5982

0.2789

0.0224

0.0683

0.0928

0.4424

0.9070
0.8276
0.7217

0.8263
0.8954
0.6665

0.8347
0.7877
0.5814

0.8043
0.5555
0.6551

0.9218
0.8263
0.7855

0.8291
0.9019
0.6928

0.8095
0.7876
0.6001

0.7694
0.4653
0.6598

0.0238
0.0693
0.0648

0.0642
0.0388
0.1022

0.0834
0.0713
0.1595

0.1096
0.2943
0.1292

Models were sequentially fitted from 2 to more latent classes and compared to successive models using Classification Statistics.
Entropy R-squared and Standard R-squared indicate how well one can predict class memberships based on the indicators. The closer
these values are to 1, the better the predictions.
Classification Errors: When classification of cases is based on modal assignment (to the class having the highest membership probability),
the proportion of cases that are estimated to be misclassified is reported by this statistic. The closer this value is to 0, the better.
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current marijuana use, ever tried cigarette smoking, or ever used marijuana. Less than 15% of the
remaining 65% of the student population reported
those behaviors (Fig. 1C).
The classification of the first three domains
clearly separated the high school students into
distinct classes. However, the classes of the last two
domains did not separate very well. Thirty-six percent (36%) of RI’s student population belonged to
the high-risk class for the sexual behavior domain:
at least 82% of this group reported they were
currently sexually active or ever had sexual intercourse. In the remaining 64% of the population, less
than 8% were currently sexually active or ever had
sexual intercourse (Fig. 1D). In terms of a health
condition, 34% of the high school student population belonged to the high-risk class: at least 65%
in this class reported being overweight based on
percentile for body mass index (BMI) or described
themselves as overweight. In the remaining 66% of
the population, 7% or less reported actual or perceived overweight (Fig. 1E).
Thirty-four indicators were summarized in five
health domains to crosstab sexual minority categories. Bisexually-identified students had higher
health-related risks and conditions than lesbian
and gay individuals. Unsure students were more
likely to have risky behaviors and health conditions
than heterosexual students (Fig. 2A). Students who
reported sexual contact with persons of both sexes
were more likely to have engaged in risk behaviors and have health conditions than students who
reported sexual contact with a person of the same
sex (Fig. 2B). Students who identified as heterosexual (straight) but who reported sexual contact with
a person of the same sex or persons of both sexes
were more likely to have engaged in risk behaviors
and have health conditions than students who identified as heterosexual (straight) and who did not
report sexual contact with a person of the same sex
or persons of both sexes (Fig. 2C).

Discussion

The LCA with two classes fitted four of the five
domains well based on standard R-squared and
classification error. The LCA with three classes fitted the sexual behavior domain well based on all
three classification statistics. In addition to model
fit, interpretation of the meaningful classes and
suitable numbers of students in each group were
considered. Finally, two classes were chosen across
all domains. The latent classes themselves required
www.jbehavioralhealth.com

interpretation and should be interpretable in light
of the empirical evidence about the domain they
represent. Each class should have a substantial
number of students because small classes may be
artefactual outliers [16].
Our results are consistent with previous findings
[6,14,24–27]. Individual risky behaviors or health
conditions were higher among sexual minority
students. Sexual minority youth report significantly
higher rates of violent victimization in school, dating violence, depression, suicidality, substance
use, sexual risk behaviors, overweight, stress,
physical inactivity, and lower social support compared with their sexual nonminority counterparts
[2–4,6,8,9,11–15,28]. Luo et al. note that youth having sexual contact with both sexes have significantly
higher odds of dating violence than do youth with
same-sex sexual contact only [2]. To avoid multicollinearity, previous studies evaluate only some
risk behaviors or health conditions, which partially
reflect a specific aspect of each domain. LCA allows
the authors to go beyond these findings by including 34 correlated indicators for five domains.
LCAs revealed consistent and unexpected
patterns in Figures 1 and 2. (1) LCAs did differentiate the majority of the 34 indicators among five
domains very well as expected, but not “not taught
in school about AIDS/HIV” in sexual behavior and
“have learning disabilities” in health condition
(Fig. 1). (2) LCAs differentiated subgroups of sexual minority youth across five domains very well,
but Figure 2 displays several unexpected features.
Figure 2A shows that unsure students had the lowest probability of sexual behavior, and three groups
(bisexual, gay/lesbian, and unsure) had a similar
probability of multiple conditions. Figure 2B illustrates that “opposite sex only” students had higher
probabilities of sexual behavior than “same-sex
only” students, and “never had sexual contact” students had higher probabilities of multiple conditions than “opposite sex only” students. “Both sexes”
students had the highest probability of substance
use (66%). Figure 2C demonstrates that among
those who identified as heterosexual but who had
sexual contact with the same sex or both sexes, the
probabilities of their first two domains were similar to unsure students, but the probabilities of their
last three domains were similar to gay or lesbian or
bisexual students. This subgroup experienced the
highest probability of substance abuse and sexual
behavior.
All students deserve a safe, supportive, and
inclusive school climate with equal opportunities
197
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(A) Safety and being bullied*

Class 2: High Risk (12.8%)

(B) Depression and suicide

(C) Substance use
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(D) Sexual behavior

(E) Health condition

Figure 1. Probabilities of (A) safety and being bullied, (B) depression and suicide, (C) substance use, (D) sexual
behavior, and (E) health condition by latent class, RI YRBS, 2007–2015.
*
Bullied question was initiated in the RI YRBS in 2009.

for participation and achievement [29]. Targeted
health interventions to reduce these risk behaviors
are needed. School-based strategies, such as mental health screening, which could help to identify
youth at higher risk, need to consider confidentiality concerns related to the targeting of subgroups.
Interventions focused on clustering substance use
and sexual behaviors may be beneficial for this subgroup and can include screening adolescents who
present with problematic behaviors and connecting
them to mental health and other support services
[30,31]
School nurses, school psychologists, and social
workers play a critical role in advocating for
practices and policies that provide for the physical,
www.jbehavioralhealth.com

psychological, and social safety of all students
[29,32–34]. These school support professionals
need to be sensitive to health disparities experienced by sexual minority students and increase
their cultural competence to care for and support
these youth. Schools should consider utilizing the
“Whole School Whole Community Whole Child”
framework and these research findings to support
all youth in their schools [32].
This study has several limitations. (1) YRBS is a
cross-sectional survey. Our findings cannot indicate
causality and only indicate an association between
sexual minority status and health-risk behaviors and
health conditions [27]. (2) Because YRBS students
self-report information, not being able to validate
199
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(A) Sexual orientation identity

(B) Sex of sexual contact

(C) Sexual orientation identity/sex of sexual contact

Figure 2. Distribution of (A) sexual orientation identity, (B) sex of sexual contact, and (C) sexual orientation
identity/sex of sexual contact by high-risk behaviors and conditions, RI YRBS, 2007–2015.
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this information and possible recall bias may have
affected the observed distributions. (3) Since we
combined 5 years of data that span 8 years, it is possible that the behaviors or characteristics of the students may have changed over time. (4) If the same
school was examined in the 2007, 2009, 2011, 2013,
and 2015 surveys, it is possible that a small number
of students were sampled twice. However, the situation is different from asking respondents twice since
each year was treated as a different survey.
Despite these limitations, LCA provides some
strength in analyzing data from surveys. (1) By
grouping multiple correlated health indicators into
a few health domains, LCA allows these indicators
to be analyzed together through the domains and
minimizes multi-collinearity [16]. (2) This analysis
suggests that LCA can be adopted in other states,
surveys, or programs. (3) Our findings suggested
that bisexuals have different health-related risks
and health conditions than lesbian and gay individuals. Therefore, it is important to recognize these
differences within the broader category of “sexual
minority youth.” (4) LCA simplified the patterns
[19]. Five latent class models provided a fuller picture of sexual minority students.

Conclusions

Risk behaviors and health conditions may differ substantially between heterosexual and sexual minority
students. Risk appears to be highest among bisexual
students, and lower among unsure students. LCA
may help public health and education officials to
intervene with sexual minority students who may
need extra attention due to their risk behaviors
and health conditions. LCA is an effective statistical
approach for identifying populations and the allocation of public health and education resources.

Implications for Practice

Results from this report can aid educators and public health professionals in planning to reduce those
risk health behaviors. There are at least five implications for practice.

(1)	Effective school-wide programs to support
sexual minority youth must address safe,
supportive, and inclusive environments.
Inclusivity means that differences within
subgroups are recognized, acknowledged,
and accepted (Bisexual Invisibility and the
Bisexual Report) [35,36]. Although the term
sexual minority youth is used for research

www.jbehavioralhealth.com

purposes, in practice, it is important to distinguish among sexual minority categories.
Our research highlighted the unique disparities in risk among youth who identify as
bisexual. When youth feel included they are
less likely to take harmful risks. When sexual minority adolescents are able to build
relationships with teachers, nurses, and
other school staff, they will feel comfortable asking for help, knowing that they are
accepted for who they are [2].
(2)	School-based efforts such as anti-bullying,
dating violence, substance use prevention,
and sexual health education programs are
opportunities to promote inclusivity and
acceptance of differences [2,4,6]. Public
health interventions should be tailored to
promote positive health behaviors and consider the unique needs of sexual minority
subpopulations [2].
(3)	
Public health programs can utilize mass
media interventions to reduce health
risk behaviors for sexual minority youth.
Intervention programs need to help them
overcome individual- and structural-level
barriers by reinforcing healthy community
norms, strengthening networks, and incorporating self-efficacy and family support to
eliminate perceived barriers to reduce risk
health behaviors.
(4)	
The American Academy of Pediatrics recommends pediatricians “create teen-friendly
offices that are welcoming to sexual
minority youth, strive to obtain a comprehensive psychosocial and sexual history
and avoid biased language that implies that
all patients are heterosexual”. Healthcare
providers are encouraged to assess sexual
behaviors and risks, and not make assumptions about sexual identity and behaviors
[37].
(5)	Disparities among subcategories of sexual
minority youth need additional research
and consideration [35,36]. Furthermore,
continued research in this area is needed to
create intervention programs that are relevant to different subpopulations within sexual minority students.
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