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Abstract

Over the past two decades, sexual and gender minority (SGM) youth health inequities have remained the same
or widened, highlighting the need for new approaches to foster health equity. Complex systems science (CSS)
techniques must be added to our armamentarium because of the following: CSS techniques can model cyclical
feedback loops inherent in the relationships between SGM youth health outcomes and their multilevel causes,
thereby enhancing the integration of real-world complexity in scientific models; and CSS can simulate multiple
hypothetical interventions, thereby identifying future interventions with great potential impact. We describe four
promising CSS techniques for advancing SGM youth health equity.
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Introduction

Sexual and gender minority (SGM) youth (e.g., les-
bian, gay, bisexual, and transgender people younger

than 18 years), compared with their cisgender heterosexual
peers, experience greater inequities in preventable negative
health outcomes, such as substance use, mental health issues,
sexually transmitted infections, and violence victimiza-
tion.1–4 Over the past several decades, many of these inequi-
ties have either remained unchanged or grown larger.5–8

Researchers have identified drivers of these inequities at
the structural, organizational, familial, interpersonal, and in-
trapersonal levels of the social ecological model9,10; how-
ever, few evidence-based interventions expand their focus
beyond these intrapersonal variables, and therefore do little
to address multiple drivers and efficaciously reduce SGM
youth health inequities.11

Complex systems science (CSS) is an approach that exam-
ines how collective patterns (such as population-level health
inequities) are derived from ever-evolving interrelationships
among the individual parts of the system (such as how people

dynamically interact with each other and their environment).
CSS uses a diverse set of methodological tools (such as
agent-based models, social network analysis, group-model
building, and system dynamics modeling) that allow re-
searchers to investigate complex mechanisms of health
(such as bidirectional relationships and feedback loops
present across multiple social ecological levels) that are
often constrained or prohibited in more traditional epidemi-
ologic and statistical modeling techniques.12–14 We argue
that CSS techniques can advance SGM youth health equity
and must be added to our armamentarium because of the fol-
lowing: (1) CSS can model cyclical feedback loops inherent
in the relationships between SGM youth health outcomes and
their multiple multilevel causes, thereby enhancing the inte-
gration of real-world complexity in our scientific models;
and (2) CSS allows for the simulation of hypothetical inter-
ventions at multiple points within the system, thereby
informing the design of interventions with the most potential
impact. Although the importance of CSS has been discussed
in the context of racial and ethnic minority health inequi-
ties,14 this article outlines the need for and benefits of
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adopting a CSS approach to better understand and reduce
persistent and substantial SGM youth health inequities. We
chose to focus on youth to highlight the potential of CSS
in promoting multilevel preventive health interventions.

Complex Features of SGM Youth Inequities

Several complex features of SGM youth health inequities
make them difficult to study and challenging to eliminate.
First, SGM youth health is influenced by factors or variables
across multiple social ecological levels (i.e., individual,
interpersonal, familial, school, and structural factors).15 The
multilevel drivers of inequities impact SGM youth health
through myriad, likely interconnected, pathways. Each path-
way can be envisioned as its own reciprocal system of drivers
that work in tandem, creating feedback loops across so-
cial ecological levels. For example, the role of SGM youth
substance use is influenced by individual levels of stress, a
function of SGM youth interpersonal discrimination, and vi-
olence.1 Stress, discrimination, and violence are all in turn
influenced by SGM youth policies.16 Thus, to effectively re-
duce SGM youth substance use, we must intervene in these
feedback loops at several levels simultaneously.

A second complex feature of SGM youth inequities is
the multiplicity of mechanisms at work within each social
ecological level.17 For example, multiple intrapersonal di-
mensions, including anxiety, stress, and self-esteem, interact
with each other and reinforce poor mental health outcomes.18

In this example, health outcomes are fed back into the system
as inputs, creating bidirectional linkages and feedback loops.
Although research often investigates the independent effects
of a single factor on a single health outcome, the bidirec-
tional feedback loops between such factors are not well stud-
ied or understood. In addition, no single mechanism (at any
level of the social ecological model) appears able to account
for all that we know about SGM youth health inequities. For
example, sexual orientation-inclusive antibullying policies
are associated with reduced risk of suicide attempts for sex-
ual minority youth, but they do not eliminate inequities be-
tween sexual minority and heterosexual youth.19

A third complex feature is the diversity of actors (‘‘actors’’
in CSS generally refers to people and places) and diversity in
actors’ characteristics, goals, rules, constraints, and contexts
that affect SGM youth health outcomes at the individual and
population levels. These actors include friends, family mem-
bers, schools, health care providers, government agencies,
media, and key decision makers. Each of these actors has dif-
ferent goals, motivations, constraints, sources of information,
modes of decision-making, and types of connection to other
actors and to SGM youth. Interventions can affect each
actor differently, and each actor, as well as each intervention,
has a different sphere of potential influence as an agent of
change. Research and interventions that fail to consider the di-
versity, or heterogeneity, of these actors cannot leverage po-
tential synergies. Interventions also run the risk of being
ineffective if they are counteracted by other actors’ behaviors.

Leveraging CSS to Advance SGM Youth Health
Inequities Research

CSS is a rapidly developing, interdisciplinary field whose
adherents study the nature of systems, or a group of interact-
ing or interrelated entities that form a unified whole.20 CSS

can provide language and methods for studying the multi-
level drivers and feedback mechanisms of SGM youth health
inequities that tend to be studied in disciplinary silos. As
shown in Table 1, complex systems have an additional
array of properties or features, such as nonlinearity and emer-
gence, that also pertain to the study of SGM youth health in
important ways.21–24

Modeling SGM youth health inequities
as a complex system

Currently, quantitative research on SGM youth health pre-
dominantly uses statistical modeling frameworks, in which re-
searchers typically test hypotheses using participant-reported
data. Qualitative research on SGM youth health primarily
uses interviews and focus group discussions to better under-
stand phenomena. Both these techniques—statistical modeling
and interviews/focus groups—have led to numerous advances
in the field, and we posit that CSS modeling techniques can
help advance the field further.20 Notably, the use of CSS ana-
lytic techniques often requires a shift in data collection as well.
For example, data collection may be at the individual level as
well as the groups in which they are embedded, such as neigh-
borhoods or cities, and be collected using self-report, adminis-
trative data sets, or smartphone data, among other methods.

To better understand complex phenomena, complex sys-
tem scientists use different kinds of analytic techniques
(Table 2).25–33 For example, the most widely used CSS tech-
nique in the study of SGM youth health is social network
analysis. Social network analysis is salient for mapping
and measuring relationships and flows between people or
groups of people, and has been used to study how peer rela-
tionships serve as risk or protective factors in the field of
SGM youth health.28 However, social network analysis is
limited in its ability to capture many of the complex features
of SGM youth health inequities, such as multiple levels of in-
fluence and multiple mechanistic drivers.

There are several other qualitative and quantitative CSS an-
alytic techniques that can help elucidate the complexity of
SGM youth health inequities (Table 2).30–33 Qualitatively,
group model building is a technique that has stakeholders cre-
ate causal loop diagrams that visually capture the relationships
and feedback loops among multilevel drivers of SGM youth
health inequities. These causal loop diagrams help to make
implicit mental models more explicit, thereby revealing our
assumptions about the cyclical relationships embedded in
the system. Subsequently, the results from group model build-
ing sessions can inform the design and testing of more quan-
titative, computational modeling techniques such as system
dynamics models and agent-based models. Unlike system dy-
namics models, agent-based models can capture individual
agent-level insights by incorporating heterogeneity, adapta-
tion, or emergence. These types of simulation models can fur-
ther help us understand the complexity of SGM youth health
inequities and test plausible hypotheses about an SGM
youth health driver to see whether they produce similar or dif-
ferent dynamics from the real behavior of the system.31,32

Identifying intervention points in the complex system
to reduce SGM youth health inequities

In addition to better modeling the complexity of SGM
youth health inequities, researchers can use CSS tools to
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Table 1. Complex System Features and Their Applications in Sexual and Gender

Minority Youth Health Research

Feature Description of the feature Applications in extant SGM youth health research

Multilevel Complex systems generally consist
of multilevel variables that span
micro-, individual-level behavior
to macro-, community-level
behavior.

Research often examines individual- and higher social
ecological-level exposures (e.g., school-level or policy-
level). This research often examines the impact/association of
the higher level exposure on an individual-level outcome but
does not examine how individual-level behaviors impact
higher level behaviors/exposures.

Heterogeneity Substantial diversity in actors’
characteristics, goals, rules, and
constraints at each level.

SGM youth research often incorporates agents with
heterogeneous individual-level characteristics (e.g., sexual
orientation, gender, race/ethnicity, age) and some research
incorporates actors with heterogenous school-level
characteristics (e.g., presence of a gay/straight alliance,
presence of inclusive sexual education) or state-level
characteristics (e.g., structural stigma, gay marriage legality,
housing rights).

Nonlinearity Small actions can have large
consequences. A change in the
size of the input does not produce
a proportional change in the size
of the output.

SGM youth research often uses statistical modeling that
assumes linearity, however, statistical interaction terms are
sometimes explored and tested. For example, research may
examine the statistical interaction among several
demographic characteristics and a health outcome such as
quality of life, or how multiple forms of discrimination
statistically interact to affect outcomes.

Stochasticity Outcomes and system behaviors are,
unpredictable, sometimes random
and uncontrollable, and many times
unknowable in advance.

SGM youth research often assumes uncertainty or error in
regression models. Research often recognizes that only a
proportion of the variance in outcome (e.g., R2) is explained
by variables in the statistical model.

Dynamicism Interactions within, between, and
among systems are often changing.
Past behavior of the system affects
future behavior of the system.

A large proportion of SGM youth research is cross-sectional,
and therefore static in nature. However, longitudinal research
and serial cross-sectional research are starting to grow.

Interdependence Complex systems usually contain
many interdependent and
interacting actors, connected
across different levels with
feedback and nonlinear dynamics.

In cross-sectional SGM youth research, researchers will often
control for the nonindependence of school or familial
clusters. In longitudinal research, researchers will often
control for nonindependence of observations within
individuals. However, rarely does SGM youth health research
examine the bidirectional interactions between agents, except
in the rare instances of social network analyses.

Feedback Feedback, also known as feedback
loops, is a closed chain of causal
connection. For example, a
change in one variable X affects
change in another variable Y;
subsequently, the change in
variable Y affects change in
variable X. Feedback loops result
in either amplification (positive
feedback) of both variables or
balancing (negative feedback) of
both variables.

SGM youth health research often assumes a cyclical
relationship between variables, although some longitudinal
research examines the bidirectionality of associations
between variables. One example looks at the overlap and
separation of SGM youths’ experiences and their
relationships with their parents; the reinforcement of these
experiences creates a feedback loop, where parental
affirmation or discouragement feeds into SGM youths’ other
experiences.23

Emergence Occurrence of unexpected
phenomena—patterns of
collective behavior that form in
the system are difficult to predict
from separate understanding of
each individual element.

Rarely does SGM youth health research examine emergence
because dynamicism and feedback loops are often not
incorporated into statistical modeling.

Adaptation and
self-organization

Interacting elements and agents
respond and adapt to each other;
emergent behavior is a function of
ongoing adaptation among both
interacting elements and the
responsive relationships
interacting agents have with their
environment.

It is rare for research to examine how collective behavior
emerges and changes over time or is sensitive to initial
conditions. SGM youth emergent behaviors are often rooted
in emergent identities; upon coming out, reactive adaptations
due to multiple oppressive systems may influence an
adolescent’s identity and subsequent behaviors.24 However,
these behaviors are rarely contextualized as an ongoing
adaptation, and it is difficult to track changes to initial
conditions in SGM youth health research.

SGM, sexual and gender minority.
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Table 2. Complex Systems Science Analytic Techniques and Their Applications in Sexual

and Gender Minority Youth Health Research

Analytic technique Description of the technique Example research question(s)
Related applications in extant
SGM youth health research

Social network
analysis

Analysis of social structures
using networks and graph
theory by mapping and
measuring relationships
among any types of connected
entity (e.g., people, groups,
organizations). One of its
main goals is to understand a
community by mapping the
relationships that connect
them as a network.

Does victimization starting at
age 9 differ by sexual
orientation, whereby youth
who report a sexual minority
status by age 15 indicate
higher self, teacher, and
primary caregiver reported
victimization?25

Do students’ experiences in
their GSAs over the school
year predict positive
development or thriving in the
form of higher relative levels
of hope at the end of the school
year? Do GSA experiences
promote resilience by
attenuating the link between
victimization and lower
relative levels of hope among
366 student members of
38 GSAs?26

A few studies have examined
how social networks serve as
risk or protective factors
among SGM youth.
Stigmatization, aggression,
and homophobic behaviors
within high school peer
networks increase mental
health inequities and
perpetuate victimization.26,27

One such factor is homophobic
name-calling, which predicts
lower levels of self-esteem and
affects how gender minority
youth self-identify.28 Among
Black young MSM, social
network analysis has linked
health risk behaviors to social
venues.29 These social clusters
serve as a nexus for youth to
engage in health risk
behaviors, including drug use
and condomless sex.29 Social
networks may also serve to
guard SGM youth.
Homophilous friendships and
school diversity are two
protective factors that mitigate
negative social influences and
lessen health risk
behaviors.25,30

Group model
building

A participatory systems
modeling method that
involves stakeholders in the
process of conceptualizing,
formulating, testing and
validating, analyzing, and
implementing system models.
One of its main goals is to
build the capacity of
stakeholders to think
systemically as well as create
consensus around a topic or
issue.

To our knowledge, this
technique has not been used in
health research with SGM
youth; however, it could help
researchers and community
partners to analyze where in
their system an intervention or
policy may have the most
impact. In addition, because
this technique is participatory
in nature, it could be useful for
understanding the multilevel
drivers among marginalized
groups whose experiences are
underrepresented in research
literature.

System dynamics
modeling

A mathematical approach to
understand the nonlinear
behavior of complex systems
using an array of modeling
techniques such as stock and
flow diagrams and causal loop
diagrams. One of its main
goals is to visualize and
understand complex issues.

To our knowledge, this
technique has not been used in
SGM youth health research;
however, it could help
researchers and community
partners to analyze where in
their system an intervention or
policy may have the most
impact.

(continued)
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advance SGM youth health equity policy and interventions.
Current research on policy and interventions for improving
SGM youth health has (1) relied heavily on observational
data and/or experimental trials11; (2) focused largely on
HIV with limited evidence-based interventions on mental
health, substance use, and violence victimization33; and (3)
rarely focused on examining the effects of interventions on
multiple health outcomes among SGM youth.6,11 CSS can
help advance SGM youth health equity intervention research
in multiple ways. Causal loop diagramming can qualitatively
identify the primary driving mechanisms through which
SGM youth health inequities are reinforced, and then can be-
come the targets for future interventions. More quantitative
CSS techniques, such as system dynamics models, can sim-
ulate the effects of a hypothetical intervention as well as po-
tential intervention combinations for maximal effect on
SGM youth health equity. In addition, agent-based models
can explicitly be used to simulate where interventions should
be placed geographically and how widely the interventions
have to be disseminated to achieve certain levels of SGM
youth health equity. These simulations can be used to plan
and test future experimental trials, as well as to help re-
searchers, public health decision makers, and program im-
plementers identify dissemination and implementation
challenges.34

Conclusion

Several attributes of complex systems—the number of
ecologic levels involved, the multiplicity of mechanisms
implicated, and the substantial diversity of relevant actors—
are relevant to the study of SGM youth health. Therefore,
CSS approaches are warranted in SGM youth health (as we
have illustrated) and may also enhance the field of SGM
health research more broadly. CSS techniques—such as
agent-based modeling, social network analysis, group-
model building, and system dynamics modeling—are prom-
ising methodological tools for future research and have the
ability to inform effective interventions and policies that fos-
ter SGM health equity.
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Table 2. (Continued)

Analytic technique Description of the technique Example research question(s)
Related applications in extant
SGM youth health research

Agent-based
modeling

A computational modeling
process that simulates the
actions and interactions of
heterogeneous and
autonomous agents. One of its
main goals is to understand the
effects of individual behavior
on the system as a whole by
modeling interactions of
agents in their environment.

Can referral networks among
HIV testing and LTC
providers have the potential to
reduce time from diagnosis to
linkage to care?31

What are the impacts of
different PrEP prioritization
strategies among Black and
Latino MSM in the United
States?32

This technique has been utilized
primarily in SGM youth
research to examine HIV
outcomes among young MSM.
A recent study used agent-
based modeling to test two
LTCs, which can help youth
living with HIV to engage in
timely care despite systemic
barriers.31 This is particularly
pertinent for non-Hispanic
Black youth and young MSM,
as HIV prevalence is
disproportionately higher
among these populations.33

Similar studies have used
agent-based modeling to
identify network-level
mechanisms to further
understand racial/ethnic
disparities in HIV spread
among Black and Latino
MSM.32 For example, agent-
based modeling has been used
among adults to examine the
impact of various PrEP
prioritization strategies on
HIV transmission among
Black and Latino MSM.32

GSAs, gender-sexuality alliances; LTCs, linkage to care interventions; MSM, men who have sex with men; PrEP, pre-exposure prophy-
laxis.
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minants of mental health: Where we are and where we need
to go. Curr Psychiatry Rep 2018;20:95.

19. Hatzenbuehler ML, Keyes KM: Inclusive anti-bullying pol-
icies and reduced risk of suicide attempts in lesbian and gay
youth. J Adolesc Health 2013;53:S21–S26.

20. Burke JG, Thompson JR, Mabry PL, Mair CF: Introduction
to the theme issue on dynamics of health behavior: Revisit-
ing systems science for population health. Health Educ
Behav 2020;47:185–190.

21. Patton MQ: Developmental Evaluation: Applying Complex-
ity Concepts to Enhance Innovation and Use. New York,
NY: Guilford Press, 2010.

22. Hammond RA: Complex systems modeling for obesity re-
search. Prev Chronic Dis 2009;6:A97.

23. Mehus CJ, Watson RJ, Eisenberg ME, et al.: Living as an
LGBTQ adolescent and a parent’s child: Overlapping or
separate experiences. J Fam Nurs 2017;23:175–200.

24. Velez G, Spencer MB: Phenomenology and intersectional-
ity: Using PVEST as a frame for adolescent identity forma-
tion amid intersecting ecological systems of inequality. New
Dir Child Adolesc Dev 2018. [Epub ahead of print]; DOI:
10.1002/cad.20247.

25. Martin-Storey A, Fish J: Victimization disparities between
heterosexual and sexual minority youth from ages 9 to 15.
Child Dev 2019;90:71–81.

26. Poteat VP, Rivers I, Vecho O: Membership experiences in
gender-sexuality alliances (GSAs) predict increased hope
and attenuate the effects of victimization. J Sch Psychol
2020;79:16–30.

27. Martin-Storey A, Baams L: Gender nonconformity during
adolescence: Links with stigma, sexual minority status, and
psychosocial outcomes. In: Handbook of Children and Prej-
udice: Integrating Research, Practice, and Policy. Edited by
Fitzgerald HE, Johnson DJ, Qin DB, et al. Cham, Switzer-
land: Springer International Publishing, 2019, pp 583–596.

28. DeLay D, Hanish LD, Zhang L, Martin CL: Assessing the
impact of homophobic name calling on early adolescent
mental health: A longitudinal social network analysis of
competing peer influence effects. J Youth Adolesc 2017;
46:955–969.

384 MOORE ET AL.



29. Young LE, Michaels S, Jonas A, et al.: Sex behaviors as social
cues motivating social venue patronage among young black
men who have sex with men. AIDS Behav 2017;21:2924–2934.

30. Gillig TK, Bighash L: Gendered spaces, gendered friend-
ship networks? Exploring the organizing patterns of
LGBTQ youth. Int J Commun 2019;13:4895–4916.

31. McKay VR, Cambey CL, Combs TB, et al.: Using a
modeling-based approach to assess and optimize HIV link-
age to care services. AIDS Behav 2021;25:886–896.

32. Elion RA, Kabiri M, Mayer KH, et al.: Estimated impact of
targeted pre-exposure prophylaxis: Strategies for men who
have sex with men in the United States. Int J Environ Res
Public Health 2019;16:1592.

33. Hergenrather KC, Emmanuel D, Durant S, Rhodes SD:
Enhancing HIV prevention among young men who have
sex with men: A systematic review of HIV behavioral inter-
ventions for young gay and bisexual men. AIDS Educ Prev
2016;28:252–271.

34. Burke JG, Lich KH, Neal JW, et al.: Enhancing dissemina-
tion and implementation research using systems science
methods. Int J Behav Med 2015;22:283–291.

Address correspondence to:
Robert W.S. Coulter, PhD, MPH

Center for Social Dynamics and Community Health
Graduate School of Public Health

University of Pittsburgh
6129 Public Health Building

130 De Soto Street
Pittsburgh, PA 15261

USA

E-mail: robert.ws.coulter@pitt.edu

COMPLEX SYSTEMS SCIENCE AND SGM YOUTH HEALTH 385


