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Northwestern University Research Image Processing System
Office of the Director, National Institutes of Health
Orbitofrontal Cortex

Office of Human Research Protection

Office of Regulatory Affairs and Research Compliance
Power Analysis & Sample Size

Pediatric Adverse Childhood Experiences and Related Life Events Screener
Pubertal Development Scale

Pediatric HIV/AIDS Cohort Study

Perinatal HIV Exposure who are Uninfected

Protected Health Information

Perinatally Acquired HIV

Patient Health Questionnaire-9

Principal Investigator

Participant Identification Number; also known as Patid
Personal Identification Number

Peripheral Nerve Stimulation

Primary Care Evaluation of Mental Disorders
Pittsburgh Sleep Quality Inventory

Pulse Wave Velocity

Quality Assurance

Quality of Life

Query and Notification System

Rey-Auditory Verbal Learning Test

Reynolds Intellectual Assessment Scales

Region of Interest

Resting-State

Resting-State Functional Connectivity

Screen for Child Anxiety Related Disorders

Standard Deviation

Structural Equation Modeling

Study Enrollment System

Study Identification Number

Single Institutional Review Board

Surveillance Monitoring for ART Toxicities
Standardized Mortality Ratio

Salience Network

Secure Sockets Layer

Stop Signal Task

Sexually Transmitted Infection

Substance Use Disorders

T1-weighted Magnetic Resonance Imaging
T2-weighted Magnetic Resonance Imaging

Tract Based Spatial Statistics

Thalamus

Trajectories of Emotional Regulation and Behavior Outcomes and related Brain
Regions And Intrinsic Networks

Uninterruptible Power Supply

Uniform Resource Locator

United States
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Ventrolateral Prefrontal Cortex

Ventromedial Prefrontal Cortex

versus

Ventral Striatum

Wechsler Adult Intelligence Scale, Fourth Edition
Women’s Interagency HIV Study

Wechsler Intelligence Scale for Children, Fourth Edition
Extensible Neuroimaging Archive Toolkit

Young Adults who are HIV-Unexposed, Uninfected
Young Adults with Perinatal HIV Exposure who are Uninfected
Young Adults with Perinatally Acquired HIV

Youth with Perinatal HIV Exposure who are Uninfected
Youth with Perinatally Acquired HIV

Youth who are HIV-Unexposed, Uninfected
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TERBO BRAIN PROTOCOL SYNOPSIS

Study This is a longitudinal investigation of neurodevelopmental consequences and
Description: underlying mechanisms of perinatal exposures to human immunodeficiency virus
(HIV) and antiretrovirals (ARVs). Brain networks, mental health, cognition, and
risk-taking behavior in children and adolescents with perinatal HIV exposure who
are uninfected, hereafter referred to as YPHEU, will be assessed using functional
and structural neuroimaging (i.e., magnetic resonance imaging (MRI), cognitive,
emotional-behavioral, and computer-based assessments over two years. In
addition, a cross-sectional sample of young adults with perinatal HIV exposure
who are uninfected (YAPHEU) and young adults with perinatally acquired HIV
(YAPHIV) will have a range of outcomes explored such as cognition, mental
health, and risk behaviors, as well as adult milestones (e.g., education and
employment) using neuroimaging, cognitive, mental health, and behavioral
assessments.

Study Aims: e Aim 1: To longitudinally assess brain network development underlying
emotional regulation and relate it to mental health, cognition, and risk-taking
behaviors in YPHEU compared to a population-based cohort without known
perinatal HIV exposure.

e Aim 2: To assess the longitudinal impact of perinatal ARV exposure as well
as vulnerability and protective factors on brain network development
underlying emotional regulation in YPHEU.

e Aim 3 (Exploratory): To cross-sectionally assess brain network integrity and
cognitive, social, mental health, and behavioral outcomes during the adult
transition period in YAPHEU and YAPHIV compared to one another and to
a population-based cohort without known perinatal HIV exposure.

Study YPHEU aged 9-16 years who are current or former participants of the Pediatric
Population: HIV/AIDS Cohort Study (PHACS) Surveillance Monitoring for ART Toxicities
(SMARTT) study will be enrolled and followed longitudinally for two years
(Aims 1 and 2). YAPHEU and YAPHIV aged 22-29 years who are current
participants of the PHACS Adolescent Master Protocol for Participants 18 Years
of Age and Older (AMP Up) study will be enrolled and complete a one-time
evaluation (Aim 3).

Sample Size: ¢ Youth longitudinal cohort: target 190 YPHEU

e Young adult cross-sectional cohort: target 100 total with the ratio between
YAPHEU and YAPHIV approximately 1:3.

Study Youth Longitudinal Cohort at Entry and Year 2:
Assessments:

e Cognitive, mental health, and emotional-behavioral assessments (youth
assessments and youth/caregiver reports)

e Online survey of substance use behaviors (youth self-report only)
e Functional and structural MRI

e Chart abstraction (current medications and neurologic and psychiatric
diagnoses since last SMARTT visit)
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Young Adult Cross-Sectional Cohort at Entry:

o Cognitive and mental health-behavioral assessments
e Online survey
e Functional and structural MRI

o Chart abstraction (current medications, neurologic and psychiatric diagnoses
since last AMP Up visit, and for YAPHIV, HIV viral load, CD4 cell count
and percent, and any changes in CDC class since last AMP Up visit)

Study Duration: | This study is expected to be open for accrual and follow-up for up to five years.

Participant On- | YPHEU enrolled in the longitudinal cohort will be on the study for two years with
Study Duration: | one visit at Entry and a second visit two years later. YAPHEU and YAPHIV in
the cross-sectional cohort will have a single study visit at Entry.

Study The TERBO BRAIN Protocol Team will monitor implementation of this study at
Monitoring: clinical sites.

Monitoring of any adverse impact of the study will rely on the PHACS Protocol
Query and Notification System (QNS), which is a real-time, web-based
interactive reporting system. Sites will also record and enter in the study database
all untoward effects associated with study participation, which will be reviewed
by the Protocol Team.
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ASTRO NESTED SUBSTUDY SYNOPSIS

Nested Substudy | The ASTRO substudy is a cross-sectional study to investigate aortic stiffness and
Description: its contribution to end-organ damage in YPHEU (9-16 years old) as well as
YAPHEU and YAPHIV (22-29 years old). Aortic stiffness will be compared
between study groups as well as to similar-age individuals from the general
population. Lastly, the relationship of aortic integrity with metabolic, immune,
and neurocognitive parameters within PHIV and PHEU groups will be delineated.
Nested Substudy | e Aim 1: To investigate the impact of in utero HIV exposure and perinatal HIV
Aims: infection on aortic stiffness in children and young adults.

e Aim 2: To evaluate the role of aortic stiffness in the pathogenesis of
neurocognitive dysfunction in individuals with PHIV and PHEU.

Nested Substudy

A subset of the participants enrolled in the TERBO BRAIN study will also

Population: consent to participate in the ASTRO nested substudy and will complete a single
visit at Entry.
Nested Substudy | e 50 YPHEU, approximately 100 YA in about a 1:3 ratio of YAPHEU and

Sample Size:

YAPHIV

Nested Substudy

e Carotid-femoral pulse wave velocity (cfPWV)

Assessments: . . . . . .
e Vital signs and anthropometrics: weight, height, blood pressure, and mid-
waist and hip circumferences
e Interviewer-administered questionnaires: education of primary caregiver
(young adult participants only) and physical activity
e Fasting blood: metabolic and immune serologic markers and eicosanoid
profiling
Nested Substudy | The ASTRO nested substudy is expected to be open for accrual until the target
Duration: sample sizes are achieved or the TERBO BRAIN study is completed, whichever
occurs first.
Participant On- | Participants in the ASTRO nested substudy will complete a single study visit at
Study Duration: | Entry.
Nested Substudy | The ASTRO Protocol Team will monitor implementation of the ASTRO nested
Monitoring: substudy at clinical sites.

Monitoring of any adverse impact of the study will rely on the PHACS Protocol
Query and Notification System (QNS), which is a real-time, web-based
interactive reporting system. Sites will also record and enter in the study database
all untoward effects associated with study participation, which will be reviewed
by the Protocol Team.
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TERBO BRAIN PROTOCOL SCHEMA

Youth Longitudinal Cohort

e Approximately 190 YPHEU aged 9-16
years at Entry currently or formerly
enrolled in the PHACS SMARTT study

Young Adult Cross-Sectional Cohort

Approximately 25 YAPHEU aged 22-29 years
currently in the PHACS AMP Up study

Approximately 75 YAPHIV aged 22-29 years
currently enrolled in the PHACS AMP Up study

\ 4

Identify and pre-screen for eligibility, obtain informed consent/assent, confirm eligibility, and enroll.

(Enrollment into both cohorts will continue until the target enrollment numbers are achieved or the end of the 5-
year study period, whichever comes first.)

l

l

Evaluations and Assessments at Entry

Cognitive, mental health, and emotional-
behavioral assessments (youth assessments and
youth/caregiver reports)

Online survey
Functional and structural MRI

Chart abstraction (current medications and
neurologic and psychiatric diagnoses since last

SMARTT visit)

Evaluations and Assessments at the 2-Year

(24-Month) Follow-Up

Cognitive, mental health, and emotional-
behavioral assessments (youth assessments and
youth/caregiver reports)

Online survey for risk behaviors
Functional and structural MRI

Chart abstraction (current medications and
neurologic and psychiatric diagnoses since last
SMARTT visit)

Evaluations and Assessments at Entry

e Cognitive and mental health-behavioral
assessments

e Online survey
e Functional and structural MRI
e Chart abstraction (current medications,

AMP Up visit, and for YAPHIV, HIV viral
load, CD4 T cell count and percent, and any

neurologic and psychiatric diagnoses since last

changes in CDC class since last AMP Up visit)
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PHACS TERBO BRAIN Study Participants

* 150 participants enrolled in the PHACS

TERBO BRAIN study

General Population

* ~ 1200 individuals from the general population
derived from the cfPWYV data repository

4

A 4

v

Young Adult Cross- Young Adult Cross- .
Sectional Cohort M Sectional Comparison M
_ Sectional Cohort Cohort Comparison Cohort
» Approx. 75 YAPHIV . . Lo
aged 22-29 years old a SgdglngU » ~ 450 individuals similar - .2100 ! nlelcluals
* Approx. 25 YAPHEU Ears old in age to enrolled YAPHIV mrm{fr&l;af;gl_em%
aged 22-29 years old y and YAPHEU enrotie

| | | |

) 4
ASTRO Procedures: Previously Collected:

* Questionnaires

» cfPWV with SphygmoCor
*» Blood draw & vital signs

* cfPWV with SphygmoCor
* Blood draw & vital signs
* Questionnaires
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1.0 TERBO BRAIN STUDY INTRODUCTION

1.1 Study Background

Tremendous successes in providing pregnant and breastfeeding women living with human
immunodeficiency virus (HIV) with antiretroviral therapy (ART) have significantly reduced new pediatric
HIV infections. Consequently, there has been a substantial increase in the number of children and
adolescents with perinatal HIV exposure who are uninfected, hereafter referred to as YPHEU, estimated at
nearly 15 million globally [1]. Although studies from Pediatric HIV/AIDS Cohort Study (PHACS) and
other cohorts are encouraging with regard to the safety of in utero antiretroviral (ARV) exposure, the
potential for risk remains a concern, given the developing brain’s vulnerability to neurotoxic effects and
heavy dependence on mitochondrial integrity [1, 2]. However, the clinical course and long-term
neurodevelopmental consequences of early exposures in these youth are currently unknown, particularly as
they reach older adolescence and young adulthood [3].

Studies of YPHEU suggest that they are at risk for mental health problems [4], including psychiatric
disorders [5], and challenges to cognitive, academic and adaptive skill development [6, 7], at rates often
similar to youth with perinatally acquired HIV (YPHIV) [4, 6-14]. Poor mental health is linked to risk-
taking behaviors (e.g., condomless sex, substance use) among YPHEU [15], which in turn can increase risk
for poor health outcomes such as acquisition of HIV/sexually transmitted infections (STIs). Mental health
and neurocognitive challenges can also negatively impact life skills as YPHEU reach adulthood [16, 17],
impeding intervention efforts aimed at improving long-term functioning and well-being. Also, many
YPHEU live in under-resourced communities and are exposed to adversities (violence, racism,
discrimination, family death) that may affect neurodevelopment independently or interact with factors
related to perinatal HIV exposure [3, 16]. Several neuroimaging studies show disrupted brain development
in early childhood [18, 19], but the mechanisms underlying these neurodevelopmental consequences in
YPHEU, particularly as they age, are not fully understood.

Relatedly, poor emotional regulation is thought to underlie childhood psychopathologies, including
internalizing and externalizing disorders [20, 21]. Impairments in emotion processing and regulation are
associated with structural and functional abnormalities of brain networks, particularly those involving
reward and emotional salience processing and regulation of affective states and behavior [22]. Dysfunction
of these networks has been linked with risk-taking behavior in youth [23], yet we know little regarding the
neural mechanisms linking emotional regulation and behavioral outcomes in YPHEU, despite increased
risk behaviors in this population.

This longitudinal investigation of neurodevelopmental consequences and underlying mechanisms of
perinatal exposures to HIV and ARVs, assessing baseline brain networks, mental health, cognition, and
risk-taking behavior in approximately 190 YPHEU at ages 9-16 years, utilizing functional and structural
neuroimaging, clinical, and computer-based assessments will address these gaps. The social and structural
factors that may interact with prenatal exposures will also be examined. A key hypothesis is that disrupted
networks supporting emotional regulation are critical mechanisms underlying neurodevelopmental
consequences in YPHEU. A few studies suggest that young adults with perinatal HIV exposure who are
uninfected (YAPHEU) have challenges related to cognition, mental health, sexual and substance use risk
behaviors [3, 16, 24, 25], and also experience incarceration and homelessness at rates similar to young
adults with perinatally acquired HIV (YAPHIV) [16, 26]. Using neuroimaging and cognitive/behavioral
assessments, these outcomes and adult milestones (e.g., education and employment) will be explored in a
cross-sectional sample of approximately 100 total of YAPHEU and YAPHIV in about a 1:3 ratio.
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1.1.1 Limited Neuroimaging Studies on YPHEU

Few neuroimaging studies have been conducted in individuals with perinatal HIV exposure who are
uninfected (PHEU). Findings show white matter growth appears stunted, reflecting disrupted brain network
development [18, 19, 27, 28]. At 9 years, YPHEU show neuronal damage in the basal ganglia as compared
to HIV-unexposed children [29]. Limited neuroimaging studies in YPHIV indicate reduced grey matter
volume [30-32] and alternations in white matter integrity [33-36] in the brain. Studies on participants with
perinatally acquired HIV (PHIV) aged 10-22 years from PHACS found disruptions in the salience network
(SN), central executive network (CEN), and default mode network (DMN), with gray matter loss apparent
throughout regions of the networks including ventral striatum, thalamus [37], rostral middle frontal gyrus,
and superior frontal cortex [38]. Resting-state (rs) network disruption between DMN and CEN was related
to impaired processing speed [39] and observed gray matter abnormalities [37], as well as lower fractional
anisotropy (FA, a measure of white matter integrity) of the inferior fronto-occipital fasciculus (IFO)
connecting DMN and CEN [36], which were associated with higher peak viral load. Further, poorer
working memory was related to higher disease severity, which was partially mediated by lower IFO FA
values [36]. However, there have been no published longitudinal neuroimaging studies in YPHEU with
appropriate comparison groups.

1.1.2 Knowledge Gap in Mechanisms of Neurodevelopment in YPHEU

A systematic review of 11 studies of children with PHEU under age 8 found high prevalence of cognitive
(up to 31%) and motor (up to 39%) delays [40]. In YPHEU, PHACS studies have reported greater language
impairment (37%) versus (vs.) the United States (U.S.) average (16%) [12] and executive functioning
deficits [8, 10, 41]. Impairment in executive functioning compared to youth who are HIV-unexposed,
uninfected (YHUU) has also been reported [42]. PHACS and other studies have also shown that while
YPHEU perform better than YPHIV in some aspects of prospective memory [43], their visual recognition
memory [9], executive functioning [8, 41], math and adaptive functions [6, 13] are often similar to those of
YPHIV [44, 45]. However, there have been limited longitudinal studies to examine causal pathways.

Mental health problems often emerge in adolescence, affecting 10-20% of youth in general [46]. Vulnerable
populations such as YPHEU often exhibit higher-than-average rates of poor mental health [4, 46-49]
including psychiatric disorders [5]. Although, prevalence estimates among YPHEU for having one or more
diagnoses of neurodevelopmental disorder [48] or mental health/psychiatric disorders [47, 49] vary widely
depending on the study (30-70%) and age group (4-22 years). Recent studies revealed more internalizing
problems (e.g., depression, anxiety) in YPHEU compared to YHUU [42], and rates of poor mental health
similar to YPHIV, with causes unknown. YPHEU also show increased rates of risk behaviors (condomless
sex, alcohol, and substance use) [16, 50]. A high percentage of 7-15 year old YPHEU report initiation of
substance use and sex, including condomless sex in 50% of those who were sexually active [25]. Alcohol
(42% lifetime) and marijuana (19%) use are also frequent among YPHEU and YPHIV enrolled in PHACS
[51]. In other youth populations, psychiatric problems, in particular mania and externalizing disorders, have
been associated with sexual risk behaviors [52, 53], and substance use has been shown to mediate the
relationship between psychological distress and sexual risk behaviors [50]. In YPHEU, similar to YPHIV,
poor mental health predicts risk-taking behaviors [25, 54], and substance use can increase the odds of
unprotected sex [55, 56], placing them at risk for their own HIV infection.

There exists a need to understand emotional regulation and brain network dysfunction as a driving
mechanism in YPHEU. Poor emotional regulation underlies many child mental health problems, including
internalizing and externalizing disorders [20, 21]. During adolescence, executive functioning, particularly
cognitive control involved in the self-regulation of emotion and behavior, is consolidating [57].
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Developmental biases toward reward pursuit during this stage, while they underlie age-typical exploration,
may limit the role of cognitive processes in regulating emerging behaviors, including sexual and substance
use risk behaviors [23, 42]. Disturbances in the balance of rapidly developing capacities, manifesting as
abnormalities in the structure and function of underlying brain networks, have been associated with
impairments in emotion processing and regulation, leading to a rise in risk-taking [23]. Complex cognitive
processes associated with emotional regulation are supported by interconnected large-scale brain networks
[58-62]. Impaired interactions among three major networks, SN, CEN, and DMN, play a central role in
mental disorders [63, 64], including emotional dysregulation across a spectrum of psychiatric disorders
[22]. The SN supports detection of emotional and reward saliency and reward learning [64], as well as
directing attention toward relevant interoceptive and emotional information to guide behavior [64]. The
CEN supports inhibitory control, working memory, and decision-making to guide goal-directed behavior
[65-68]. The DMN is a system for self-referential mental processes including self-related and social
cognitive processes [69, 70], value-based decision making [71] and emotion regulation [72]. Complex
cognitive processes also require interaction and integration across these networks [63]. For example,
emotional and cognitive functions involve goal-oriented executive functions such as working memory and
selective attention, which requires the SN to increase CEN activities while suppressing DMN activities [73-
76]. In the unifying “triple network model” of SN, CEN, DMN, dysfunctions in one core network impact
information flow and integration across all networks [63]. This has been demonstrated across
psychopathologies [63] including emotion dysregulation [22, 72]. In children and adolescents, disruptions
of these networks have been linked to risk-taking behaviors and impaired cognition [23].

Emotion processing and regulation are associated with reward and emotional salience processing and
regulation of affective states and behavior [22]. Reward and salience processing are closely linked processes
that are important for goal directed behaviors and adaptive behavioral responses to stimuli where salience
guides reward processing [77, 78]. Relevant brain regions are the ventral striatum, insula, thalamus and
orbitofrontal and medial prefrontal cortex of the SN and DMN [79]. Behavioral self-regulation is crucial
for controlling impulses [80]. Relevant brain regions are the ventrolateral prefrontal cortex and anterior
cingulate cortex of the CEN. Attentional control of emotional interference associated with viewing
emotional stimuli is a measure of emotional reactivity and emotion regulation. It requires working memory
and response inhibition [81]. Relevant brain regions are the dorsolateral, ventrolateral, and ventromedial
prefrontal cortex, amygdala, hippocampus, and ventral striatum of the SN, CEN, and DMN.

Longitudinal investigations of brain network, mental health, cognition, and risk-taking behavior are critical
for understanding mechanisms underlying neurodevelopmental consequences. The proposed mechanism is
that disrupted networks supporting emotional regulation underlie mental health and cognitive impacts of
YPHEU that increase risk-taking behaviors and other negative long-term outcomes (Figure 1). This
hypothesis is based on the extant developmental, cognitive, and clinical neuroscience literature, and on
findings from cross-sectional studies in YPHEU.
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Figure 1. Model for Proposed Mechanism
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1.1.3 Impact of Perinatal HIV and ARV Exposure on Brain Development in PHEU

Given the developing brain’s vulnerability to neurotoxic effects and heavy dependence on mitochondrial
integrity, the impact of perinatal HIV and ARV exposure on brain development in PHEU is a concern [1,
2]. HIV-related chronic inflammation can persist despite suppressive ARVs [82]. Poor neurological and
neurodevelopmental outcomes have been observed in infants and children with PHEU [6, 7, 11, 13, 14, 83],
which may be related to mitochondrial toxicity induced by nucleoside reverse transcriptase inhibitors
(NRTIs) [84]. ARVs when taken in pregnancy can cross the blood-brain barrier, causing pathological
microglial activation and other neurotoxic effects [2, 85], which in turn can disrupt neurodevelopment and
have long-term developmental consequences [86, 87]. Perinatal exposures to HIV and ARVs may also
affect neurodevelopment unrelated to mitochondrial function or increase the risk of birth defects [88].
Although generally considered safe, several studies, including ones from PHACS, have shown that in utero
exposure to efavirenz and atazanavir is associated with congenital anomalies and -early-life
neurodevelopmental, language and socio-emotional deficits [13, 89-96]. To date, findings on the effects of
in utero exposure to specific ARV treatments have been mixed; this study allows examination of unique in
utero ARV exposure effects on YPHEU as they age.

Insults during specific gestational periods may lead to central nervous system (CNS) developmental
consequences [88]. Maternal infections during the first trimester are related to global brain abnormalities
[97] while second-trimester insults are more likely associated with neuropsychiatric abnormalities [98].
Third-trimester exposure to zidovudine has been associated with mitochondrial dysfunction [99]. In utero
exposure to HIV and maternal inflammation could also have neurodevelopmental consequences. A study
of children (1-9 years) with PHEU found that HIV type 1-related immunosuppression predicted cognitive
impairment [100]. In YPHEU in PHACS Adolescent Master Protocol (AMP), inflammatory markers
measured at a mean age of 11.4 years were related to decreased processing speed [101]. In animal studies,
offspring of mothers with maternal immune activation show disinhibited behavior and impairments in
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emotion regulation and social behavior [102]. A neuroimaging study of infants 40-44 weeks old revealed
that functional connectivity between SN, DMN, and fronto-parietal networks was correlated with maternal
immune activation markers collected during the third trimester [103], which in turn was associated with
14-month cognitive development. These studies suggest that in utero ARV and HIV exposures, and related
maternal inflammation, may affect the developing brain. However, long-term effects on brain development
in YPHEU are not understood.

1.1.4 Influence of Social and Structural Factors on Brain, Mental Health, and Cognitive
Developmental Outcomes in YPHEU and YAPHEU

Concomitant social and structural factors are known to have deleterious effects across all developmental
stages of youth affected by HIV, individually and via complex interactions. YPHEU in the U.S., who are
disproportionately African-American or Black and Latinx, are also more likely to experience structural
barriers to well-being, such as adverse community circumstances and exposure to poverty [104]. These
factors often co-occur with and/or are related to other potentially harmful exposures, including community
violence, suboptimal educational systems, toxic environmental exposures, limited access to quality
healthcare, inadequate nutrition sources, racism, and racial and ethnic inequities. The cumulative impact of
these determinants may increase the likelihood of high rates of drug use, low employment, family
instability, and poor cognitive, emotional, and health outcomes among youth across developmental stages
[105]. For example, higher exposure to neighborhood disorder, including violence, and other life stressors
were associated with mental health problems among YPHEU and YPHIV [104, 106]. Caregiver factors
such as cognitive function and caregiver-child relationship are strongly associated with behavioral
functioning among YPHEU and YPHIV [107]. Caregivers living with HIV, who are also subject to the
adverse exposures described above, experience higher rates of psychiatric and substance use disorders
(SUD) than the general population, which may have indirect and direct effects via genetics and caregiving
behavior [108, 109]. Socio-emotional health of caregivers is a determinant of child well-being, including
distress, hopelessness, positive future orientation, self-esteem, and quality of life (QoL) in children and
adolescents [110]. Substance use by caregivers/adults in the home is strongly associated with increased risk
of use of alcohol or marijuana in the children living in the home. In YPHEU, maternal psychiatric diagnosis
conferred additional risk for recent child substance use [51].

Childhood stressors such as traumatic adverse experiences, including housing or food insecurity, exposure
to violence, illness or death of a caregiver, physical or verbal abuse, are also related to impaired learning,
emotional regulation, and cognition in childhood [111, 112]. Neuroimaging studies have shown that
childhood stressors may lead to impaired hippocampal neurogenesis [113], resulting in hippocampal
volume reduction throughout development with greater reductions in adults compared to children [114].
Further, childhood stressors are associated with abnormal task functional magnetic resonance imaging
(fMRI) activation in the reward regions of the ventral striatum (poor reward processing and depressive
symptoms) [115, 116] and orbitofrontal cortex (childhood maltreatment) [117-119]. They are also
associated with poor working memory, as well as volume reductions in the cognitive control regions of
lateral prefrontal cortex [120] and anterior cingulate cortex [114, 121-124]. Neuroimaging studies have
documented that parental care and social support have positive effects on the development of the amygdala,
hippocampus, and prefrontal cortex [125-128], with more pronounced effects in younger children [129].
These studies suggest that social and structural factors have deleterious effects on the mental health,
cognition, and behavior of YPHEU, and they negatively impact brain development in the general youth
population, particularly in brain networks related to emotional regulation, but perhaps moderated by
protective factors. However, how these stressors and protective factors affect brain development in YPHEU
is unknown.
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1.1.5 Transition into Adulthood in YAPHEU

YAPHEU may exhibit poor adult transition milestones in educational achievement and employment with
unknown pathways of causality [16]. In the transition into adulthood, adolescents have increased
opportunity for independence, with decreased parental supervision and increased financial, vocational, and
other adult stressors. YPHEU during this period face added risk for psychiatric disorders and SUD that can
lead to worse long-term outcomes [3]. Limited longitudinal studies of YPHEU suggest that mental health
deteriorates and risk behaviors increase during this transition. While alcohol and other SUD are relatively
rare in adolescence [25], by young adulthood, prevalence of SUD rises to 33% [3]. Compared to YHUU,
YPHEU showed increases in mood disorder prevalence over an 18-month period [5, 47], and the odds of
unprotected sex doubled over time, with stronger association between alcohol use and unprotected sex than
in YPHIV [56]. Internalizing problems in YPHEU can also progressively increase over time compared with
YHUU [42].

During young adulthood, studies show that YAPHEU continue to exhibit below-average cognitive
functioning [5, 16, 26], with some improvements over time, while YAPHIV, especially those with a history
of more severe HIV disease, are less likely to improve [26]. YAPHEU also show higher rates of psychiatric
disorders (27-39%) and SUD (31%) compared to norms, with rates similar to YAPHIV [3, 16, 24]. During
this period, sexual and substance use risk behaviors persist in YAPHEU [3, 16, 24, 25], with high prevalence
of condomless sex (41%) [16], and sexual risk often associated with SUD and behavioral disorders [24].
As YPHEU transition into adulthood, they may encounter additional stressors that may exacerbate poor
outcomes [16, 17]. YAPHEU show high prevalence of incarceration (14%) and homelessness (15%) similar
to YAPHIV [16, 26, 130]. Extant studies do not include neuroimaging or ARV exposure data, potentially
critical factors for understanding pathways of causality [131].

1.2 Study Rationale

There is and will continue to be a wave of YPHEU and YAPHEU in the U.S. and globally, particularly in
low- and middle-income countries, potentially requiring substantive health, mental health, and social
system interventions. Following cohorts of YPHEU with the potential to compare to other cohorts from the
general population as well as to YAPHIV is important to inform long-term prevention/intervention needs
of the staggering numbers of these youth globally. This study offers a time-sensitive and unique opportunity
to examine key neural mechanisms underlying health and behavioral health outcomes and their interactions
with other predictors in one of the largest National Institutes of Health (NIH)-sponsored cohorts of YPHEU
for whom data on prenatal HIV and ARV and other exposures have been collected during childhood, and
into adolescence and adulthood. Together with PHACS data, as well as Adolescent Brain Cognitive
Development (ABCD) and Human Connectome Project Young Adults (HCP-YA) studies, this study
provides a unique opportunity to move the needle forward on prevention/intervention programming for
YPHEU before they reach young adulthood in the millions globally.

This study will be the first to use longitudinal neuroimaging to understand the long-term effects of perinatal
HIV and ARV exposures, including specific ARV drugs or classes, on YPHEU as they age, and identify
specific mechanisms that drive mental health, cognitive functioning, and behavioral domains that may be
impacted. It will provide critical knowledge for potential prevention/intervention strategies to minimize
long-term negative consequences by targeting specific mechanisms during periods of rapid and vulnerable
brain development. There are evidence-based mental health and behavioral risk reduction interventions that
could be adapted for YPHEU, and evidence-based cognitive training programs. A critical first step for
intervention research is to identify key mechanisms and predictors to ensure that interventions are most
appropriate and efficacious with target populations. Other drivers of neurodevelopmental and behavioral
risk common to PHEU populations (e.g., socioeconomic and maternal factors) emphasize the need for
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rigorous studies to identify HIV- and ARV-exposure specific contributions and their mechanisms in order
to target prevention and intervention efforts.

2.0 ASTRO NESTED SUBSTUDY INTRODUCTION

Individuals who are living with PHIV and PHEU have been found to have increased adiposity [132, 133],
insulin resistance [134, 135], dyslipidemia [136, 137], and inflammation [138-140], likely due to the
interplay of chronic infection, ART, and effects on fetal programming. In the general population, increased
aortic stiffness is an early consequence of metabolic dysfunction and immune activation that results in
excess transmission of pulsatile pressure to the microvasculature with resultant end-organ damage [141].
As a low-resistance organ, the brain is particularly vulnerable to pressure and pulsatility induced by
increased arterial stiffness [142], which in turn has been linked to neurocognitive impairment [143, 144].
Nonetheless, whether aortic stiffness is increased or contributes uniquely to the pathogenesis of multi-
systemic comorbidities in individuals with PHIV and PHEU remains a critical gap in knowledge. This
nested substudy will leverage TERBO BRAIN to investigate aortic stiffness and its contribution to end-
organ damage in youth and young adults born to mothers with HIV. The central hypothesis of this nested
substudy is that the abnormal metabolic and pro-inflammatory milieu in individuals with PHIV and PHEU
will promote aortic stiffness, which in turn will predispose to altered brain structure and function as key
indicators of end-organ damage. To test this hypothesis, carotid-femoral pulse wave velocity (cfPWV) will
be ascertained as a low-cost and reproducible index of aortic stiffness among participants enrolled in
TERBO BRAIN. First, differences in aortic stiffness between those living with PHIV and PHEU, as well
as similar-age individuals from the general population, will be investigated. Furthermore, associations of
metabolic and inflammatory parameters with aortic stiffness will be assessed in people with PHIV and
PHEU to uncover novel mechanisms of aortic dysfunction. Second, the role of aortic stiffness in the
pathogenesis of altered brain structure and function in those with PHIV and PHEU will be delineated by
assessing relationships of cfPWYV with neuroanatomic and neurocognitive outcomes identified in TERBO
BRAIN. This nested substudy could uncover increased aortic stiffness as an as-yet unrecognized sequela
of perinatal HIV infection and in utero HIV exposure that may serve as a harbinger for adverse health
outcomes. Moreover, this pilot study will inform the development of targeted interventions to attenuate
aortic stiffness as an early and modifiable risk factor in these populations.

2.1 Nested Substudy Background and Significance

Multiple studies of children and young adults with PHIV have shown a high prevalence of metabolic and
inflammatory comorbidities including insulin resistance [134, 145, 146], hypertriglyceridemia [136],
altered fat distribution [132], and increased immune activation [138, 140]. Individuals with PHEU similarly
manifest metabolic and immune perturbations, including higher rates of obesity [133], hypertension [147],
and inflammation [148], as well as lower insulin sensitivity [134, 135], compared to HIV-unexposed,
uninfected (HUU) individuals. ART, persistent viral infection, and effects of an altered intrauterine milieu
on fetal programming have been posited to contribute to the pathogenesis of these findings. In the general
population, metabolic and inflammatory abnormalities predispose to increased aortic stiffness as a key
mechanism of end-organ damage [141]. Nonetheless, despite the high prevalence of metabolic dysfunction
and immune activation in the PHIV and PHEU populations, the integrity of the large arterial system and its
contribution to multi-systemic disease remains a critical gap in knowledge.

As the largest and most distensible blood vessel in the body, the aorta buffers the systemic circulation from
the high pulsatile pressures generated by the heart. In particular, the elastic nature of this vessel allows it to
expand to accommodate blood that enters the arterial system during systole and to recoil to expel blood to
the peripheral tissues during diastole, thereby maintaining steady non-pulsatile blood flow within small
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blood vessels throughout the cardiac cycle [149, 150]. Increased aortic stiffness augments the transmission
of pulsatile pressure from the heart to peripheral tissues, which in turn has deleterious impacts on multiple
organs including the heart, kidney, and brain [149]. High arterial stiffness has been implicated in coronary
ischemia [151, 152], heart failure [153, 154], and arrhythmia [155, 156]. Longitudinal studies have further
shown a bidirectional causal link between aortic stiffness and hypertension [157, 158]. Given the role of
aortic dysfunction in the pathogenesis of chronic comorbidities, identifying high aortic stiffness would
expose a critical vulnerability in the long-term health of the PHIV and PHEU populations.

Various pathologic stimuli may result in abnormal stiffening of the aortic wall, resulting in impaired
cushioning [141]. Among the general population, aortic dysfunction has been linked to traditional
cardiovascular risk factors including obesity, insulin resistance, hypertension, and dyslipidemia [141]. The
Bogalusa Heart Study found that young adults with a greater number of features of metabolic syndrome at
baseline had steeper rises in aortic stiffness over time [159]. Conversely, attenuation of metabolic
dysfunction such as with weight loss, exercise, antagonism of the renin-angiotensin-aldosterone system,
statins, or omega-3 fatty acid supplementation was found to restore normal aortic elasticity [160]. In
addition to traditional cardiovascular risk factors, systemic inflammation also has been recognized as a key
risk factor for arterial dysfunction [141]. In particular, individuals with autoimmune conditions including
rheumatoid arthritis and inflammatory bowel disease were found to have elevated aortic stiffness [161,
162], which declined following immunomodulatory therapy [163]. Additionally, inflammatory markers
such as C-reactive protein (CRP) have been shown to positively predict higher aortic stiffness in healthy
individuals [164], including in our own data in young adults. Based on the high burden of metabolic and
immune abnormalities in those with PHIV and PHEU, there are strong imperatives to evaluate the integrity
of the arterial system in these populations. By delineating relationships of metabolic and immune indices
with aortic function, this nested substudy may inform the rational design of tailored interventions to restore
aortic integrity in these groups, to be explored in future work.

The brain is a densely vascularized organ that requires high blood flow to meet its metabolic requirements.
Increased aortic stiffness results in excess transmission of pulsatile pressure to its microvasculature, which
in turn predisposes to altered tissue structure and function [149]. White matter hyperintensities are a late
complication of increased aortic stiffness, which are preceded by microstructural changes to neuronal tract
fibers that can be detected using advanced magnetic resonance imaging (MRI) techniques [165, 166]. Gray
matter atrophy has also been observed among individuals with increased arterial stiffness, including in brain
regions such as the thalamus and cortex [166, 167]. Underlying these structural changes, higher aortic
stiffness has been correlated with impaired autoregulation of cerebral blood flow both at rest and during
activity, as measured by fMRI [168]. In addition to these radiographic abnormalities, aortic stiffness has
been linked to decline in neurocognitive performance, particularly in the domains of executive function,
memory, and global cognition [142-144]. Notably, these findings in older adults resonate with our own
preliminary data focused on young adults as well as studies linking hypertension to neurocognitive
impairment in children and adolescents [169]. Given our hypothesis that individuals living with PHIV and
PHEU may be prone to heightened aortic stiffness, there is a pressing need to examine the contribution of
aortic stiffness to altered brain structure and function in these patient populations.

Building upon the nested substudy protocol team’s expertise in endocrinology, cardiology, infectious
diseases, epidemiology, neuroimaging, and neurodevelopment, the integrity of the large arterial system in
those with PHIV and PHEU vs. similar-age individuals from the general population will be evaluated for
the first time, along with its role in the pathogenesis of chronic comorbidities (Figure 2). The central
hypothesis is that metabolic and inflammatory abnormalities in the PHIV and PHEU populations will lead
to increased aortic stiffness, which in turn will predispose to altered brain structure and function as key
indicators of end-organ damage. This hypothesis is supported by findings in the general population
juxtaposed with evidence of an extensive burden of metabolic and inflammatory derangements in people
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with PHIV and PHEU. Based on this work, aortic stiffness may come to be used as a simple tool to identify
individuals with PHIV and PHEU who are at high risk for adverse health outcomes and who thus require
intensive monitoring. Findings from this nested substudy may guide the development of interventions to
target aortic stiffness as an early and modifiable risk factor on the path to end-organ damage.

Figure 2: Nested Substudy Conceptual Framework of Specific Aims

Perinatal HIV e _ 1 Ry
Exposure without | Aim 1 VA % i OB S . Aim 2 .
Infection (PHEU) 1 Aortic Stiffness Altered Brain
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2.2 Nested Substudy Rationale

In the general population, aortic stiffness is an early sequela of metabolic dysfunction and immune
activation that predisposes to multi-systemic morbidity including cardiac, renal, and neurologic disease
[142-144, 149]. While those living with PHIV and PHEU have a high prevalence of traditional
cardiovascular disease risk factors [133, 145, 147, 170] and immune abnormalities [138, 140, 148], the
integrity of the large arterial system in these individuals has not been previously well evaluated in
comparison to individuals from the general population. Nonetheless, we have previously shown that youth
with PHIV in South Africa have endothelial dysfunction of the microvasculature [171, 172]. Furthermore,
in a prior PHACS analysis, children with PHIV were found to have higher circulating biomarkers of
endothelial dysfunction vs. controls in association with greater abdominal adiposity and HIV infection
severity [173]. As endothelial dysfunction is intimately tied to abnormalities in aortic stiffness [149, 174],
these data stress the urgency to further delineate the vascular phenotype among those with PHIV and PHEU
within PHACS. Consistent with the mission of PHACS to improve the lives of people with PHIV and
PHEU, the findings from this nested substudy may illuminate cfPWYV as a simple and noninvasive tool to
identify individuals who are at high risk of chronic comorbidities and thus require intensive long-term
monitoring. Moreover, this pilot nested substudy will inform the development of targeted interventions to
attenuate aortic stiffness as an early and modifiable risk factor in these populations, which can be further
explored in future work.

3.0 TERBO BRAIN STUDY AIMS AND HYPOTHESES

3.1 Aim 1

To longitudinally assess brain network development underlying emotional regulation and relate it to mental
health, cognition, and risk-taking behaviors in YPHEU compared to a population-based cohort without
known perinatal HIV exposure.

Hypotheses:
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la. YPHEU will exhibit atypically attenuated growth in brain networks supporting emotional
regulation as they age when compared to a population-based cohort.

Ib.  Brain network growth will be more strongly related to poor mental health and impaired cognition
in YPHEU than in the comparison cohort.

lc. Attenuated brain network growth will be associated with risk-taking behaviors, mediated by
mental health and cognition, after accounting for social and structural vulnerabilities and
protective factors.

3.2 Aim 2

To assess the longitudinal impact of perinatal ARV exposure as well as vulnerability and protective factors
on brain network development underlying emotional regulation in YPHEU.

Hypotheses:

2a. Within YPHEU, attenuation of brain network growth will be related to type and timing of
perinatal ARV exposure (e.g., efavirenz and atazanavir).

2b.  Social and structural vulnerabilities and protective factors will each impact brain network growth.

33 Aim 3 Exploratory

To cross-sectionally assess brain network integrity and cognitive, social, mental health, and behavioral
outcomes during the adult transition period in YAPHEU and YAPHIV compared to one another and to a
population-based cohort without known perinatal HIV exposure.

Hypotheses:

3a. Compared to young adults without HIV exposure, YAPHEU and YAPHIV will show disrupted
brain networks underlying emotional regulation, with more severe disruption in YAPHIV.

3b. In YAPHEU and YAPHIV, disrupted brain networks will be related to risk-taking behaviors and
deficits in adult transition milestones (e.g., education and employment), mediated by cognition
and mental health, considering the potential impact of HIV infection, ARV exposure, social and
structural vulnerabilities, and protective factors separately within YAPHEU and YAPHIV.

4.0 ASTRO NESTED SUBSTUDY AIMS AND HYPOTHESES

The ASTRO nested substudy will leverage the TERBO BRAIN study to investigate aortic stiffness and its
contribution to end-organ damage among youth (9-16 years old) and young adults (22-29 years old) born
to mothers with HIV.

4.1 Aim 1

To investigate the impact of in utero HIV exposure and perinatal HIV infection on aortic stiffness in
children and young adults.

Hypotheses:
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la: YAPHIV will have the highest aortic stiffness, followed by YAPHEU, followed by similar-age
individuals from the general population. YPHEU will have elevated aortic stiffness as compared to
similar-age individuals from the general population.

1b: In YAPHIV, YAPHEU, and YPHEU, alterations in traditional cardiovascular risk factors,
immune markers, and pro-inflammatory eicosanoids will be associated with higher aortic stiffness.

4.2 Aim 2

To evaluate the role of aortic stiffness in the pathogenesis of neurocognitive dysfunction in individuals
with PHIV and PHEU.

Hypotheses:

2a: Among YAPHIV, YAPHEU, and YPHEU, higher aortic stiffness will be associated with
alterations in brain structure and function including reduced white and gray matter integrity and
altered functional connectivity.

2b: In YAPHIV, YAPHEU, and YPHEU, higher aortic stiffness will be associated with worse
neurocognitive outcomes, particularly in global cognition, executive function, and memory.

5.0 TERBO BRAIN STUDY DESIGN

This study will follow a longitudinal cohort of approximately 190 YPHEU and a cross-sectional cohort of
approximately 100 total of young adults with about 1:3 ratio between YAPHEU and YAPHIV. The
longitudinal design for Aims 1 and 2 allows the study to examine developmental trajectories and
mechanisms underlying brain-behavior relationships in YPHEU. The cross-sectional design for exploratory
Aim 3 uses an available cross-sectional sample to examine long-term outcomes in YAPHEU and YAPHIV.
For Aims 1 and 3, comparisons with large-scale population-based data (see Section 5.3) and appropriate
statistical analyses allow the study to identify mechanisms specific to the study populations. The aims of
this study will address the gap in published longitudinal neuroimaging studies and help elucidate brain
development in YPHEU, and consequently, to better understand the mechanisms of the
neurodevelopmental trajectories in YPHEU. The study will also explore disruption in brain networks
among YAPHIV and YAPHEU and the association of brain networks with other outcomes during the adult
transition period. Tables 1 and 2 present the conceptual domains assessed for each study component and
the measures that contribute to each domain. Descriptions of the measures are provided in Section 8.0.
Administration details can be found in Section 10.0.

Table 1. YPHEU assessment protocol: Domain constructs and measures for Aims 1 and 2

Cognition

Monetary Incentive Delay (MID) Task®

Reward & Salience Cash Choice Task

Processing Delay Discounting Task”

Stop Signal Task (SST)?

Flanker Inhibitory Control and Attention

Behavioral Regulati - - : — —
chavioral Regulation Behavior Rating Inventory of Executive Functioning, Second Edition

(BRIEF-2)

Emotional N-back (EN-back)?

Emotion Regulation Emotion-Word/Emotion-Face Stroop Task®

Emotion Regulation Questionnaire for Children and Adolescents (ERQ-CA)

Difficulties in Emotion Regulation Scale — Parent Report (DERS-P)
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Fluid Reasoning

Composite of Flanker Inhibitory Control and Attention, List Sorting,
Dimensional Change Card Sort, Pattern Comparison, Picture Sequence

Composite (from NIH Toolbox)
Crystallized Cognition Composite of Picture Vocabulary, Oral Reading Recognition (from NIH
Composite Toolbox)
Episodic Memory Rey-Auditory Verbal Learning Test (RAVLT)
Mental and Behavioral Health
Dimensional Achenbach System of Empirically Based Assessment (ASEBA) Child
Psychopathology Behavior Checklist (CBCL)
Depression Children’s Depression Inventory-2 (CDI-2)
Anxiety Screen for Child Anxiety Related Disorders (SCARED)

Psychiatric Diagnoses

Child/youth psychiatric diagnoses in medical records and caregiver
screening diagnoses from Client Diagnostic Questionnaire (CDQ) data from
the SMARTT database

Risk Behaviors

Substance Use

Substance use questions (adopted from SMARTT Audio Computer-Assisted
Self-Interview (ACASI) and modified to include select ABCD questions)

Vulnerabilities

Childhood Adversity

Pediatric Adverse Childhood Experiences and Related Life Events Screener
(PEARLS)

Stress and Trauma

Life Events Checklist (adopted from AMP)

Family Resources

Demographics Questionnaire

Protective Factors

Resilience

Child and Youth Resilience Measure-Revised (CYRM-R)

Prosocial Behavior Survey (Brief ABCD version)

Social Support

Emotional Support Fixed Form - NIH Toolbox Emotion Measures (Ages 8-
17 years)

afMRI task activation and behavior such as reaction time, accuracy, d-prime. For details on fMRI see
Section 8.7. The ABCD study administered these measures at the one-year follow-up visit, a year after

the imaging.

Table 2. YAPHEU and YAPHIYV assessment protocol: Domain constructs and measures for Aim

3.

Cognition
Reward & Salience Gambling Task®
Processing Delay Discounting Task

Behavioral Regulation

N-back Working Memory (NB-WM)?

Flanker Inhibitory Control and Attention

Behavior Rating Inventory of Executive Functioning-Adult Version
(BRIEF-A)

Emotion Processing

Emotional Processing?

Penn Emotion Recognition Test (ER-40)

Emotion Regulation Questionnaire (ERQ)

Fluid Reasoning Composite

Composite of Flanker Inhibitory Control and Attention, List Sorting,
Dimensional Change Card Sort, Pattern Comparison, and Picture
Sequence (from NIH Toolbox)

Crystallized Cognition Composite of Picture Vocabulary and Oral Reading Recognition (from
Composite NIH Toolbox)
Episodic Memory Rey-Auditory Verbal Learning Test (RAVLT)
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Mental and Behavioral Health

?Sﬁf;s;;’gf‘;logy ASEBA Adult Self-Report (ASR)

Depression Patient Health Questionnaire (PHQ-9)

Anxiety Generalized Anxiety Disorder-7 (GAD-7)

Emotion Negative Affect, Psychological Well-being, Social.Relationships, and
Stress and Self-Efficacy (from NIH Toolbox Emotion Measures)

11;&/[(11;161 ; t"(l)"lrlirslsmon Adult Transition Milestone Questions (adopted from AMP Up)

Psychiatric diagnoses in medical records and Client Diagnostic

Psychiatric Diagnoses Questionnaire (CDQ) data from the AMP Up database

Sleep Hygiene Pittsburgh Sleep Quality Inventory (PSQI)

Risk Behaviors
Substance Use Substance Use Questions (adopted from AMP Up with additional
Sexual Risk Behaviors questions to harmonize with HCP-YA)

Vulnerabilities
Childhood Adversity lzgzirsse Childhood Experiences (ACEs)-Revised Questionnaire for
Stress and Trauma Stressful Life Events (adopted from AMP Up QoL measure)
Household and Financial

Information to be obtained through the online survey
Resources

Protective Factors

Resilience Brief Resilience Scale (BRS)

Emotional Support, Instrumental Support Fixed Forms - NIH Toolbox

Social Support Emotion Measures (Ages 18+)

afMRI task activation and behavior such as reaction time, accuracy, d-prime. For details on fMRI see
Section 8.7.

5.1 Study Population

YPHEU aged 9-16 years who are current or former participants in the Surveillance Monitoring for ART
Toxicities (SMARTT) study will be enrolled and followed longitudinally for two years. YAPHEU and
YAPHIV between aged 22-29 years who are current participants in the PHACS Adolescent Master Protocol
for Participants 18 Years of Age and Older (AMP Up) study will be enrolled and complete a one-time
evaluation. (See Appendix IV for participating site requirements.)

5.2 Sample Size

Approximately 190 YPHEU and 100 total of YAPHEU and YAPHIV with about 1:3 ratio will be enrolled
in the study.

53 Comparison Populations

After all YPHEU have been enrolled, comparison participants for YPHEU will be drawn from the ABCD
study [44], frequency matched on sex, race, ethnicity, household income, and pubertal stage. ABCD data
include neuroimaging, mental and physical health, cognition, risk behaviors, environment, and education
collected from over 14,000 children enrolled at ages 9-10 and followed up to 10 years. The overall goal of
the ABCD study was to identify risk factors for emerging substance user behavior in the general population
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of this age group. It is conducted at 21 sites across the US. Because of the large sample size of the ABCD
study and its diverse study population, we are confident that we will be able to obtain a comparison sample
that will match the demographic and socioeconomic characteristics of our YPHEU cohort with a 3 to 1 or
higher ratio in sample sizes. The ABCD study publicly releases its quality-controlled data as they are
collected.

Comparison participants for YAPHEU and YAPHIV will be drawn from the HCP-YA study [175],
frequency matched on sex, race, ethnicity, household income, and age, after all YAPHIV and YAPHEU
have been enrolled. The HCP-YA study was designed to characterize brain connectivity and function in
healthy young adults and has publicly released quality-controlled datasets from 1,200 participants aged 22-
35 including neuroimaging, mental health, cognition, risk behaviors, physical health, education, and
emotion. The HCP-Y A study is completed and has publicly released all of its quality-controlled data.

5.4 Study Duration

This study is expected to be open for accrual and follow-up for up to five years and at least through the
grant cycle. Enrollment into the Youth Longitudinal cohort will continue until the target enrollment number
is achieved or through year 3 of the 5-year study period in order to allow sufficient time for completion of
the 2-Year (24-Month) Follow-Up visit. Enrollment into the Young Adult Cross-Sectional cohort will
continue until the target enrollment numbers are achieved or the end of the 5-year study period, whichever
comes first

5.5 Participant On-Study Duration

YPHEU enrolled in the longitudinal cohort will be on the study for two years with one visit at Entry and a
second visit two years later. YAPHEU and YAPHIV in the cross-sectional cohort will have a single study
visit at Entry. It is recommended that each study visit be completed in two separate sessions
(cognitive/behavioral and neuroimaging) occurring on two separate days.

6.0 ASTRO NESTED SUBSTUDY DESIGN

The ASTRO nested substudy is a cross-sectional study that will evaluate differences in aortic stiffness
among young adults (22-29 years old) in three groups: 100 young adults in about a 1:3 ratio of YAPHIV
and YAPHEU, and similar-age individuals from the general population (n = 450) and among youth (9-16
years old) in two groups: YPHEU (n = 50) and similar-age individuals from the general population (n =
200). Participants enrolled in the TERBO BRAIN study who consent to participate in the ASTRO nested
substudy will undergo several brief procedures for the nested substudy at a single time point at Entry.
Furthermore, their data collected in TERBO BRAIN will be incorporated into the analyses of this nested
substudy to address novel research questions, which in turn will maximize the insights to be gained from
existing efforts in PHACS.

6.1 Nested Substudy Population

YPHEU aged 9-16 years and YAPHEU and YAPHIV aged 22-29 years who are current participants in the
TERBO BRAIN study will consent to participate and complete a one-time evaluation at Entry.
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6.2 Nested Substudy Sample Size

Approximately 150 participants (50 each of YPHEU, and approximately 100 young adults in about a 1:3
ratio of YAPHEU and YAPHIV) will consent to participate in the study.

6.3 Nested Substudy Comparison Populations

Youth and young adult participants will be compared with similar-age individuals from the general
population (~ 200 youth and ~ 450 young adults). General population comparison groups will be derived
from the repository of cfPWV data that has been previously curated by Dr. Elaine Urbina.

6.4 Nested Substudy Duration

This nested substudy is expected to be open for accrual and follow-up until the targeted sample size is
achieved or completion of the TERBO BRAIN study, whichever occurs first.

6.5 Participant On-Study Duration

Participants who consent to participate in this nested substudy will undergo several brief procedures at a
single time point at Entry. Nested substudy procedures may be completed during the TERBO BRAIN Entry
visit to enhance the likelihood of adequate participant recruitment and retention.

7.0 SELECTION AND ENROLLMENT OF TERBO BRAIN AND ASTRO NESTED
SUBSTUDY PARTICIPANTS

7.1 Inclusion Criteria

7.1.1 Longitudinal Cohort - YPHEU
To be considered eligible for enrollment, an individual must meet all the criteria listed below:
e PHEU as documented in the medical record;
e Between 9 and 16 years of age at time of informed consent/assent, inclusive;
e Currently or formerly enrolled in the PHACS SMARTT study;
e Willing to provide access to existing medical records; and

¢ Willing to participate and provide legal consent and assent, if required.

7.1.2  Cross-Sectional Cohort — YAPHEU and YAPHIV

To be considered eligible for enrollment, an individual must meet all the criteria listed below:
e PHEU or PHIV as documented in the medical record;
e Between 22 and 29 years of age at time of informed consent/assent, inclusive;
e Currently enrolled in the PHACS AMP Up study;

e Willing to provide access to existing medical records; and
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Willing to participate and provide legal consent, and assent if required.

ASTRO Nested Substudy

To be considered eligible for participation, an individual must meet all the criteria listed below:

7.2

7.2.1

Enrolled in the TERBO BRAIN study; and

Willing to participate in the ASTRO nested substudy and provide legal consent and assent, if
required.

Exclusion Criteria

Longitudinal Cohort —- YPHEU

To be considered eligible for enrollment, an individual must not meet any of the criteria listed below:

7.2.2

Living with non-perinatally acquired HIV;

Active untreated psychotic disorders that would interfere with participation in study procedures as
determined by the clinical site Principal Investigator (PI) or designee;

Extreme claustrophobia based on self- or caregiver-report (the scanning environment is a small
space);

Contraindications for magnetic resonance imaging (MRI) including irremovable metal (braces,
permanent retainers, tattoos with metallic pigments, implants such as pacemakers, and other metals
which may be dangerous and can drastically impact signal to noise in MRI);

Self-reported traumatic brain injury that resulted in loss of consciousness for 30 minutes or longer
anytime in the past;

Motor, sensory, cognitive, or other impairments that preclude participation in study assessments as
determined by the clinical site PI or designee;

Although there are no known risks from exposure to magnetic fields (MRI) to pregnant people or
fetuses, participants who think they are or may be pregnant will not be enrolled;

Active substance use of a severity to interfere with participation in study procedures based on the
judgement of the clinical site PI or designee;

Non-English speaking (however, English-speaking individuals for whom English is not their
primary language may participate); or

Currently incarcerated or pending incarceration.

Cross-Sectional Cohort - YAPHEU and YAPHIV

To be considered eligible for enrollment, an individual must not meet any of the criteria listed below:

Living with non-perinatally acquired HIV;

Active untreated psychotic disorders that would interfere with participation in study procedures as
determined by the clinical site PI or designee;
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e Extreme claustrophobia based on self or caregiver report (the scanning environment is a small
space);

o Contraindications for MRI including irremovable metal (braces, permanent retainers, tattoos with
metallic pigments, implants such as pacemakers, and other metals which may be dangerous and
can drastically impact signal to noise in MRI);

e Self-reported traumatic brain injury that resulted in loss of consciousness for 30 minutes or longer
anytime in the past;

e Motor, sensory, cognitive, or other impairments that preclude participation in study assessments as
determined by the clinical site PI or designee;

o Although there are no known risks from exposure to magnetic fields to pregnant people or fetuses,
participants who think they are or may be pregnant will not be enrolled;

e Active substance use of a severity to interfere with participation in study procedures based on the
judgement of the clinical site PI or designee;

e Non-English speaking (however, English-speaking individuals for whom English is not their
primary language may participate); or

e Currently incarcerated or pending incarceration.

7.3 Protocol Registration

Prior to implementation of this study, the Harvard Longwood Campus Institutional Review Board (HLC
IRB), the single IRB (sIRB) of record for this study, will approve the study protocol, including template
informed consent and assent forms. Subsequently, the local IRBs at participating sites will cede review of
this study to the HLC IRB through the execution of a reliance agreement. All site-specific participant-facing
materials including informed consent form (ICF) addendums (to incorporate local IRB requirements), fact
sheets, and recruitment materials must then be reviewed and approved by the HLC IRB. Finally, sites must
receive protocol registration approval from Westat. Confirmation of protocol registration must occur before
any participant is enrolled in the protocol. Original approved regulatory documents must be maintained at
the site. This study will follow the PHACS procedures for protocol registration which are outlined in the
PHACS Manual of Network Policies and Procedures (MNPP). The MNPP chapter pertaining to protocol
registration can also be found on the PHACS website (https://my.phacsstudy.org).

Prior to implementation of ASTRO nested substudy, the HLC IRB will approve the TERBO BRAIN study
protocol with the ASTRO nested substudy embedded (version 1.4 or later), as well as the ASTRO nested
substudy ICF addendum and assent addendum. All site-specific participant-facing materials including fact
sheets and recruitment materials that will be used for the ASTRO nested substudy must be reviewed and
approved by the HLC IRB.

7.4 Participant Recruitment

For the Youth Longitudinal Cohort, the Protocol Team will provide a list of potential participants selected
from the pool of participants currently or formerly enrolled in PHACS SMARTT to each participating site.
For the Young Adult Cross-Sectional Cohort, sites will recruit all available YAPHEU participants and
recruit YAPHIV participants to match on age and sex. Site research staff will pre-screen each participant
to determine their eligibility and approach the participant, or caregiver and participant, if the potential
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participant is under 18 years of age or lacks the capacity to consent, who are potentially eligible to provide
an overview of the study and gauge their interest in participating in the study.

The clinical site team will follow their standard practices and local institutional guidelines for reviewing
patient records to pre-screen participants for eligibility based on the list provided by the Protocol Team.
Potential participants with significant cognitive impairments that would render them unable to complete
study assessments (as determined by the clinical site PI or designee) should not be enrolled in the study.
Site staff should consult with the Protocol Team via the Protocol Query and Notification System (QNS) if
they have any concerns regarding a participant’s eligibility for the study. Site staff will not perform any
study assessment or collect any data for the study until after informed consent/assent has been obtained.

To improve the feasibility of frequency matching between YAPHEU and YAPHIV cohorts by age and sex,
the Protocol Team will review enrollment data when approximately 50% (i.e., 50 participants) of the
targeted accrual has been achieved and will provide guidance to sites, as needed, for further enrollments.

For recruitment in the ASTRO nested substudy, participants being enrolled in TERBO BRAIN will be
informed about the ASTRO nested substudy. Those interested and willing to participate in the ASTRO
nested substudy will be consented. The ASTRO nested substudy will be open for accrual until the targeted
sample sizes are achieved or the TERBO BRAIN enrollment is complete, whichever occurs first.

7.5 Informed Consent

Once the participant is pre-screened eligible for the TERBO BRAIN study, informed consent will be
obtained from the participant or the participant’s legally authorized representative (LAR) with assent from
the participant, as applicable, prior to enrollment and before conducting any study assessments. The
informed consent process may occur in-person using paper ICF/assent form or occur remotely through web-
based electronic ICF/assent. Study details, including risks and benefits, the information to be collected and
assessments to be completed will be discussed with the potential participant and/or their LAR, and all
questions will be answered. A copy of the signed ICF and assent form, if applicable, will be provided to the
participant and/or their LAR.

For participation in the ASTRO nested substudy, informed consent to participate in the nested substudy
will be obtained from the participant or the participant’s LAR with assent from the participant, as applicable,
using the ASTRO ICF addendum and assent addendum.

If remote consenting using web-based electronic ICF should occur, research staff will be available for phone
consultation to address any questions or concerns the participant and/or their LAR may have. The web-
based electronic ICF will include verification of comprehension and require participants or their LARs to
acknowledge that they have read and agree to the consent form by checking a box following each section
of the consent. Verification of identification during the consent process will be confirmed using a consent
ID number provided to the participant or their LAR by the clinical site at the time of consent. Security
questions may be employed for further verification.

7.6 Enrollment Procedures

When a participant is eligible for the TERBO BRAIN study and informed consent has been obtained, the
site will use the Study Enrollment System (SES) at Frontier Science, the Data Management Center (DMC)
for PHACS, to enter participant and eligibility information. Participants will continue to use the PHACS
participant identification number (PID) they were assigned from their participation in the SMARTT or
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AMP Up study. Once confirmed eligible and enrolled, the SES will generate a study identification number
(SID). The SID will also serve as the participant’s protocol-specific Personal Identification Number (PIN)
that will be used as the participant identifier in TERBO BRAIN online assessments. Note that the same SID
assigned to the participant for the TERBO BRAIN study will also be used for the ASTRO nested substudy.

7.7 Co-Enrollment Guidelines

Enrollment of TERBO BRAIN and ASTRO participants in other studies (with or without similar goals/data
collection as TERBO BRAIN and ASTRO) is at the discretion of the clinical site PI and the TERBO BRAIN
and ASTRO Protocol Co-Chairs. The clinical site PI must take into account any issues that enrollment in
the additional study may require and which may compromise the participant’s ability to fulfill the
requirements of the TERBO BRAIN study and/or the ASTRO nested substudy.

Enrollment of participants who are already enrolled in other studies of youth and young adults with PHIV
and PHEU into the TERBO BRAIN study/ASTRO nested substudy is at the discretion of the Protocol Co-
Chairs.

Sites must query the respective Protocol Teams through the QNS for permission to co-enroll participants.
The Protocol Team will provide either a “blanket,” one-time approval or case-by-case permission for co-
enrollment.

8.0 TERBO BRAIN STUDY EVALUATIONS DESCRIPTION AND ADMINISTRATION

Evaluations will assess vulnerabilities and protective factors, mental health, cognition, neuroimaging tasks,
and risk behaviors at each visit, in order to collect multi-level data that allow for systems-based analyses
and the ability to probe mechanisms.

8.1 Cognition

8.1.1 Computerized Tests

e Delay Discounting and Cash Choice (YPHEU): The ABCD study included two measures of reward
processing and choice, or delay discounting. Due to concerns about task length, ABCD used a one-
item Cash Choice Task [23, 176] at baseline, administered verbally by the examiner, as will be
done for TERBO. A standard adjusting Delay Discounting paradigm [177] involving 42 choices
was included at the one-year follow-up visit. In both tasks, the participant is asked to choose
between smaller hypothetical monetary amounts administered immediately, and larger amounts
administered later, with the time interval adjusted to determine the participant’s “indifference
point,” indicating future orientation and ability to defer gratification. The Delay Discounting task
will be administered using an iPad by the examiner using the ABCD procedures. TERBO BRAIN
will include the Delay Discounting task and administer the one-item Cash Choice Task as well to
facilitate comparison with ABCD data.

e Emotion-Word/Emotion-Face Stroop (YPHEU): This task [178] examines executive control in the
context of distracting emotional information. The participant is presented with words on a computer
screen and asked to judge the emotional valence (positive, negative) of the word. This judgment is
made in the context of an emotional face behind the word, which either agrees (congruent) or
conflicts (incongruent) with the valence of the word. Because congruency typically results in faster
responding, response times on the two types of trials are compared. This task will be administered
using an iPad by the examiner following ABCD procedures.
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e Delay Discounting (YAPHEU and YAPHIV): To harmonize with the HCP-YA study, a different
version of the Delay Discounting task will be administered for YAPHEU and YAPHIV [179-181].
This version of the task provides an area-under-the-curve discounting summary measure that
indicates how steeply an individual discounts delayed rewards. This task will be completed by the
participant using a laptop, with the examiner setting up and initiating the tasks.

e Penn Emotion Recognition Test (YAPHEU and YAPHIV): This task, harmonized with the HCP-
YA study, assesses facial emotion recognition ability using images of 4 different emotions (anger,
fear, happiness, sadness) in low and high intensity and neutral expressions [182]. This test will be
completed by the participant using a laptop, with the examiner setting up and initiating the tasks.

8.1.2 NIH Toolbox Cognitive Subtests

The NIH Toolbox for the Assessment of Neurological and Behavioral Function [183] is a multidimensional
set of brief measures that assess cognitive functioning in children, adolescents, and adults. Cognitive
subtests evaluate the mental processes involved in gaining knowledge and comprehension, such as thinking,
knowing, remembering, judging, and problem-solving. This battery consists of tests to assess Executive
Function, Attention, Episodic Memory, Language, Processing Speed and Working Memory and includes
the following summary scores, in addition to individual measure scores: Cognitive Function Composite
Score, Fluid Cognition Composite Score (includes Dimensional Change Card Sort, Flanker, Picture
Sequence Memory, List Sorting, and Pattern Comparison measures), and Crystallized Cognition Composite
Score (includes Picture Vocabulary and Reading Recognition measures). The NIH Toolbox was developed
and validated with state-of-the-science methodology to be psychometrically sound and appropriate for
measuring outcomes in longitudinal studies; scores are based on a nationally representative sample to
enable cross-measure comparisons. In addition to using the composite scores, age-corrected standard scores
from individual tasks such as the Flanker will contribute to domains listed in Tables 1 and 2.

The following NIH Toolbox cognitive tests will be administered to YPHEU, YAPHIV, and YAPHEU
participants by the examiner using the NIH Toolbox App using an iPad.

e Flanker Inhibitory Control and Attention
e List Sorting

e Dimensional Change Card Sort

e Pattern Comparison

e Picture Sequence

e Picture Vocabulary

e Oral Reading Recognition

e Rey-Auditory Verbal Learning Test

8.1.3 NIH Toolbox Emotion Domain Questionnaires

The following brief questionnaire modules from the NIH Toolbox Emotion domain will be administered
using an iPad to harmonize with the HCP-Y A study [184] for YAPHEU and YAPHIV participants only.

e Negative Affect (Sadness, Fear, Anger)
e Psychological Well-being (Positive Affect, Life Satisfaction, Meaning and Purpose)
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e Social Relationships (Social Support, Companionship, Social Distress, Positive Social
Development)

o Stress and Self-Efficacy (Perceived Stress, Self-Efficacy)

8.1.4 Behavior Rating Inventory of Executive Functioning

The Behavior Rating Inventory of Executive Functioning, Second Edition (BRIEF-2) caregiver and self-
report questionnaires are standardized paper-and-pencil measures of an adolescent’s executive functions or
self-regulation in everyday environments. Youth (= 11 years old) and parent reports are available and will
be used for YPHEU. Two broad indices, Behavioral Regulation and Metacognition, and an overall summary
score are included. New standardization data for BRIEF-2, based on a nationally representative sample of
3600 cases, are available for adolescents. Reliability coefficients for the Parent Forms are .90+ and .80+
for the Self-report Form. The BRIEF-2 has concurrent validity with the Child Behavior Checklist (CBCL),
Behavior Assessment System for Children, Second Edition (BASC-2), Reynolds Intellectual Assessment
Scales (RIAS), Wechsler Intelligence Scale for Children, Fourth Edition (WISC-1V), and Wechsler Adult
Intelligence Scale, Fourth Edition (WAIS-IV).

The Behavior Rating Inventory of Executive Function-Adult Version (BRIEF-A) [185, 186] will be used
for YAPHEU and YAPHIV. Participants will complete the paper-and-pencil questionnaire independently
unless assistance is required from the examiner. Two broad indices, Behavioral Regulation and
Metacognition, and an overall summary score are provided. Standardization data based on a nationally
representative sample of 1136 adults are available. Reliability, validity, and clinical utility are
demonstrated.

8.1.5 Emotion Regulation Questionnaires

Regulation of one’s own emotions will be assessed with the Emotion Regulation Questionnaire (ERQ) as
self-report for youth and young adults, and the Difficulties in Emotion Regulation Scale — Parent Report
(DERS-P) for caregivers to complete regarding youth participants. These questionnaires are administered
to harmonize with the ABCD study. The ERQ was developed for use with adults as a 10-item instrument
with a 7-point response scale and was designed to reflect an individual’s tendency to regulate emotions
using cognitive reappraisal or expressive suppression [187]. The standard adult version will be self-
administered for YAPHIV and YAPHEU. The ERQ was adapted for children as the Emotion Regulation
Questionnaire for Children and Adolescents (ERQ-CA) [188] and the ABCD study instituted a 6-item self-
report version of the questionnaire at their Year 3 assessment [189]. A caregiver-completed questionnaire
regarding the child or adolescent’s emotion regulation, the DERS-P was also added to the ABCD battery
at the Year 3 timepoint and will be administered to caregivers of YPHEU participants enrolled in the
TERBO BRAIN study at both timepoints. The ERQ-CA has shown good internal consistency and test-
retest reliability over 12 months in a sample of 10—18 year-olds. The DERS-P examines difficulties across
domains related to nonacceptance, goals, impulses, strategies, awareness, and clarity. The DERS-P was
validated in a sample of 11-17 year-olds and has been shown to have good concurrent and convergent
validity [190]. The ABCD study selected 29 items from the DERS-P, eliminating 7 items administered in
the original study that did not load onto any factors.

Page 43 of 113



PHACS PH600
Version 1.5
November 14, 2023

8.2 Mental Health

8.2.1 Achenbach System of Empirically Based Assessment (ASEBA)

Emotional and behavioral problems will be assessed by the Achenbach System of Empirically Based
Assessment (ASEBA) [191-193] questionnaire. The ASEBA family of instruments is well validated to
study global psychopathology in children and adolescents. They can be completed using paper-and-pencil
questionnaires or using a web-based version. The ASEBA CBCL is a questionnaire that assesses a broad
range of emotional and behavioral problems in school-age children (CBCL/6-18, for ages 6-18) [194]. It
will be completed by the caregiver for all YPHEU and by those YPHEU who are 11 years and older.
Caregivers will complete the questionnaire independently with assistance from the examiner as needed and
youth will complete the questionnaire as an interview administered by the examiner. Responses are coded
as 0 (not true), 1 (somewhat or sometimes true), or 2 (very true or often true). For school-age children, two
informants will be used: parent (CBCL/6-18) and child/adolescent (youth self-report, for ages 11-18). In
addition to a total score, eight empirically based syndrome scales and six Diagnostic and Statistical Manual
of Mental Disorders (DSM)-oriented scales are reported. The eight syndrome scales are: (1)
anxious/depressed; (2) withdrawn/depressed; (3) somatic complaints; (4) social problems; (5) thought
problems; (6) attention problems; (7) rule-breaking behavior; and (8) aggressive behavior. Some of the
eight syndrome scales are grouped into internalizing (anxious/depressed, withdrawn/depressed, somatic
complaints) and externalizing (rule-breaking behavior, aggressive behavior) problems. The six DSM-
oriented scales are: (1) affective problems; (2) anxiety problems; (3) somatic problems; (4) attention-
deficit/hyperactivity problems; (5) oppositional defiant problems; and (6) conduct problems. According to
the standardization data of the CBCL, a t-score < 59 indicates non-clinical symptoms, a t-score between 60
and 64 indicates that the child is at risk for problem behaviors, and a t-score > 65 indicates clinical
symptoms. Findings provide strong evidence for the reliability, as well as convergent and discriminative
validity, of these scales.

The ASEBA Adult Self-Report (ASR) [195] is a well-validated instrument to assess adult (18-90 years)
psychopathology and is used for clinical and research purposes in mental health settings. It will be utilized
for YAPHEU and YAPHIV. The ASR is part of the ASEBA taxonomy and consists of items to assess
adaptive functioning and problems. The ASR comprises 8 syndrome scales:

e The combination of the syndrome scales Anxious/Depressed (18 items), Withdrawn (9 items), and
Somatic Complaints (12 items) results in the broadband scale Internalizing problems.

e The combination of the syndrome scales Aggressive Behavior (15 items), Rule-breaking Behavior
(14 items), and Intrusive Behavior (6 items) forms the broadband scale Externalizing problems.

o The other syndrome scales are Attention Problems (15 items) and Thought Problems (10 items).
e  Other Problems (21 items) include items that did not qualify for any syndrome.
e The remaining 11 items measure adaptive functioning and are not included in analyses.
The total score on the ASR, based on all problem items (N = 120) represents the Total Problems score for

adult psychopathology. The ASR will be self-administered by the participant using a paper-and-pencil
questionnaire; the examiner will provide assistance as needed.

8.2.2 Children’s Depression Inventory-2 (CDI-2)

The CDI-2 [196], to be used for YPHEU, is a brief (28 items) self-report and parent-report questionnaire
that helps assess cognitive, affective and behavioral signs of depression in children and adolescents, aged
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7 through 17 years. The self-report version will be administered as an interview while the parent-report will
be self-administered by the caregiver. The CDI-2 asks about key symptoms of depression, such as a child’s
feelings of worthlessness and loss of interest in activities. The 28 items of the CDI-2 yield a total score, 2
scale scores (emotional problems and functional problems), and 4 subscale scores (negative mood/physical
symptoms, negative self-esteem, interpersonal problems, and ineffectiveness). Each item allows the
child/caregiver to respond to 3 options that indicate 3 levels of symptoms: 0 (absence of symptoms), 1 (mild
or probable symptoms), or 2 (definite symptoms). The CDI-2 standardization sample is representative of
the U.S. population and includes 1100 children aged 7 to 17 years from 26 states in the U.S.; the sample is
evenly proportioned in terms of age and gender, with 50 males and 50 females at each age. The racial/ethnic
distribution of the sample matches the U.S. census distribution very closely (i.e., all races within 1% of
2000 Census targets). Overall, the normative sample includes a reasonable spread of geographical locations
of all four major regions of the U.S.

8.2.3 Patient Health Questionnaire-9 (PHQ-9)

The Patient Health Questionnaire-9 (PHQ-9) [197, 198] is a self-administered version of the Primary Care
Evaluation of Mental Disorders (PRIME-MD) diagnostic instrument for common mental disorders.
TERBO will administer this paper-and-pencil questionnaire for YAPHEU and YAPHIV during the
participant’s visit. PHQ-9 consists of nine items measuring depressive symptoms corresponding to the
diagnostic criteria for major depressive disorder. Each item is scored on a four-point Likert scale (0-3),
including “0” (not at all) to “3” (nearly every day). Total scores range from O to 27, with higher scores
reflecting greater depression severity. The PHQ-9 has shown good psychometric properties. The PHQ-9
has been strongly supported for its applicability as a screening tool for depression in primary care settings.

8.2.4 Screen for Child Anxiety Related Disorders (SCARED)

The SCARED-P (parent version) and SCARED-C (child self-report) [199-201] are 41 item questionnaires
that screen for signs of anxiety disorders in children and will be used for YPHEU. The SCARED-P will be
self-administered by the caregiver and the SCARED-C will be administered to the participant as an
interview. Participants respond on a 3-point Likert-type scale of “0” (Not True or Hardly Ever True), “1”
(Somewhat or Sometimes True), or “2” (Very True or Often True). Prior confirmatory factor analyses
suggest that the instrument measures five distinct domains of anxiety. Thus, in addition to total scores, five
subscales were examined: generalized anxiety symptoms (nine items), separation anxiety symptoms (five
items), social anxiety symptoms (eight items), panic or somatic symptoms (seven items), and school
avoidance (three items). A total score of 25 or above has been suggested to indicate the presence of
clinically significant anxiety.

8.2.5 Generalized Anxiety Disorder-7 (GAD-7)

The GAD-7 [202] is a valid and efficient tool for screening for generalized anxiety disorder and assessing
its severity in clinical practice and research. TERBO will administer this questionnaire for YAPHEU and
YAPHIV during the participant’s visit using the online survey tool. The GAD-7 consists of seven items
measuring worry and anxiety symptoms and has good reliability, as well as criterion, construct, factorial,
and procedural validity. A cutoff score of 10 was identified as the optimal point for sensitivity (89%) and
specificity (82%). GAD-7 scores are categorized as follows for screening anxiety: minimal anxiety = 0-4,
mild anxiety = 5-9, moderate anxiety = 10-14, and severe anxiety 15-21. Increasing scores on the scale
were strongly associated with multiple domains of functional impairment [202-204].
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8.2.6 Client Diagnostic Questionnaire (CDQ)

The CDQ is a psychiatric screening tool designed and validated for adult populations affected by HIV [205].
The CDQ is a structured interview used to identify current symptoms of psychiatric disorders, including
depression, anxiety, post-traumatic stress disorder, and psychosis, as well as alcoholic and nonalcoholic
substance abuse. The CDQ is administered to caregivers in SMARTT and to participants in AMP Up.
Caregiver CDQ data from the SMARTT database and participant CDQ data from the AMP Up database
will be used to obtain information about historical mental health and substance use issues in caregivers of
YPHEU and YAPHEU and YAPHIV participants. The CDQ will not be re-administered as part of this
study.

8.2.7 Pittsburgh Sleep Quality Index (PSQI)

The Pittsburgh Sleep Quality Inventory will be self-administered by YAPHEU and YAPHIV participants
through the online survey with assistance from the examiner, as needed. It is widely used and contains 19
items used to create 7 component scores addressing different aspects of sleep (e.g., sleep latency, subjective
sleep quality, sleep duration, and disturbances) and one global score [206].

8.3 Risk Behaviors

Risk behavior assessment for the YPHEU will be conducted using the online survey, with questions adopted
from the substance use module in the SMARTT ACASI and modified to include harmonized items from
the ABCD study. Questions on substance use, including use of tobacco, alcohol, marijuana, and illicit drugs,
will be included. Participants will be asked whether they have used a substance and, if yes, the frequency
of use along with other questions about use and consequences of use. On rare occasions, if needed, an
examiner can be available to help the participant answer questions or assist with use of the online survey
on computer or iPad, if participant agrees.

Risk behavior assessment for the YAPHEU and YAPHIV will also be conducted using the online survey
with questions adopted from the AMP Up online survey. The survey will include questions about substance
use as well as sexual risk behaviors. Additional questions about past 7-day use of alcohol and tobacco will

be administered during the cognitive/behavioral session as a paper-and-pencil questionnaire to harmonize
with the HCP-YA study.

8.4 Vulnerabilities

8.4.1 Adverse Childhood Events (ACEs)

The Pediatric Adverse Childhood Experiences and Related Life Events Screener (PEARLS) [207] will be
used for report of adverse life events in YPHEU. The PEARLS Child will be used for caregiver report for
participants up to 11 years of age and PEARLS Teen Self-Report will be used for self-report for participants
12 years and older. The PEARLS Teen Parent/Caregiver Report will be used for parent or caregiver report
of teen’s adverse life events.

The ACEs-Revised Questionnaire for Adults will be used for YAPHEU and YAPHIV. This questionnaire
is available through the ACEs Aware project and asks whether the participant experienced each of 10
adverse circumstances (e.g., neglect, abuse, loss of caregiver) during their first 18 years. The ACEs-Revised
Questionnaire for Adults will be administered through the online survey tool.
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8.4.2 Life Events Checklist

The Life Events Checklist adopted from AMP will be used for YPHEU for self-report of stressful life
events. This questionnaire allows adolescents to identify recent stressful life events among 43 possible
events and asks youth to identify the positive, negative, or neutral impact of such events. The Life Events
Checklist will be administered as an interview using a paper-and-pencil questionnaire.

8.4.3 Stressful Life Events

For YAPHEU and YAPHIV, the Stressful Life Events Questionnaire [208-210] will be used to identify
stressful life events, such as loss of housing or death in the family, during the past 12 months. It was derived
from the General Health Assessment for Children (GHAC), a group of age-specific, modular instruments
developed for earlier studies of youth affected by HIV [208] and now adopted for young adults. Earlier
studies demonstrated that the GHAC has adequate internal consistency, reliability, and validity.

8.4.4 Family and Household/Financial Resources

The Demographics Questionnaire will be used to identify important family resources information, including
family members (caregivers and siblings or others), family size, caregiver education, and family income
for YPHEU. The questionnaire will be completed by the caregiver using a paper-and-pencil questionnaire.
For YAPHEU and YAPHIV, the participant will provide information on their household and personal
financial resources as part of the online survey.

8.5 Protective Factors

8.5.1 Resilience Scale

The Child and Youth Resilience Measure-Revised (CYRM-R) [211], to be administered for YPHEU, is a
measure of social ecological resilience suitable for youth aged 10-23; revised versions of the measures
consist of 17 items and can be scored on 3- or 5-point Likert scales. The items in the measures are all
positively worded; scoring involves simple summing of responses. In addition to an overall score of
resilience, scores can be derived for the two subscales of the measures: Personal Resilience and Caregiver
Resilience.

Personal Resilience includes intrapersonal and interpersonal items. Caregiver Resilience relates to
characteristics associated with the important relationships shared with either a primary caregiver or a
partner or family. These are linked, as both dimensions depend on individuals’ social ecologies to reinforce
their resilience. The CYRM-R will be self-administered by the participant using paper-and-pencil
questionnaires, with assistance from the examiner, as needed.

The Brief Resilience Scale (BRS) [212, 213], to be used for YAPHEU and YAPHIV, is a brief measure of
resilience suitable for adults, consisting of 6 items, scored on a 5-point Likert scale. Scoring involves simple
summing of responses. The BRS has adequate criterion validity and internal consistency. The BRS will be
administered using the online survey tool.

8.5.2 Prosocial Behavior Survey

The YPHEU participants and their caregivers will complete a brief interview of prosocial behavior, adapted
from the Prosocial Behavior Scale of the Strength and Difficulties Questionnaire [214]. Prosocial Behavior,
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or the tendency to engage in behaviors to help others, is evaluated in the ABCD cohort, has been studied as
part of social competence and resilience in earlier studies of adolescent development, is associated with
multiple indicators of mental health and well-being, and has been found to be a protective factor against the
development of problem behavior and aggression [215]. The original subscale has 5 items; we will retain
three items with the highest factor loadings (e.g., being considerate of other people’s feelings, often offering
to help others) that are used in the ABCD study. Youth and caregivers rate these behaviors over the past 6
months on a three-point scale (“0=Not True” to “2=Certainly True”) [216].

8.5.3 Social Support

Social Support is a concept within the Social Relationships subdomain of the NIH Toolbox Emotion
measures. Emotional Support is a self-reported measure of Social Support and refers to the perception that
people in one’s social network are available to listen to one’s problems with empathy, caring, and
understanding. This brief, calibrated scale will be administered by iPad for YPHEU youth ages 9-17 years.
Instrumental Support refers to the perception that people in one’s social network are available to provide
information or advice needed to solve problems that arise. Emotional Support and Instrumental Support
which each consists of 8 items will be administered by iPad to YAPHIV and YAPHEU participants.

8.6 Pubertal Development

YPHEU will complete the Pubertal Development Scale (PDS) [217], a widely used self-report measure of
development of sexual characteristics which has been shown to be correlated with measures of pubertal
development derived from physical examination. This measure will be used to match the YPHEU group
for maturation with a comparison sample from the ABCD study. There are male and female versions of the
PDS, which asks respondents to report their level of development on five indices. Boys are asked whether
growth has not begun, barely begun, is definitely underway, or has finished on five dimensions: body hair,
facial hair, voice change, skin change, and growth spurt. Girls are asked the same questions about body
hair, skin change, breast development, and growth spurt, and are asked whether menses have begun.
Responses are coded on 4-point scales (1 = no development and 4 = completed development). For both
genders, ratings are then averaged to create an overall score for physical maturation. YPHEU will complete
this measure as part of the online survey for privacy; caregivers will complete a paper-and-pencil version.

8.7 Neuroimaging
8.7.1 Harmonizing Multisite MRI Scanning Protocol

For the youth longitudinal cohort, we will adopt the harmonized ABCD Study scanning protocols [79, 218].
This will allow us to compare YPHEU data to the ABCD data. The Northwestern team, led by Dr. Todd
Parrish (Protocol Team Member), works directly with site research staff (e.g., clinical site research
assistants, technicians at MRI facilities) and oversees the multisite neuroimaging data acquisition and QA.
The ~90 minute scanning protocol includes structural MRI, task-based fMRI, rs fMRI, and diffusion MRI.
The order of the fMRI tasks will be randomly generated. The 90-minutes scanning protocol has been
successfully used in the ABCD study for children as young as 9 years old. A short break will be offered
following the task-based fMRI. The scanning protocol will be collected by site MRI facility technician,
aided by site research staff. The scan itself is approximately 90 minutes (including the break); the participant
may be in the scanner for up to 2 hours, and the total visit can take approximately 3 hours. Refer to the
TERBO BRAIN Manual of Procedures (MOP) for detailed information on scanner-specific scanning
parameters.
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The fMRI tasks for the youth longitudinal cohort are:

e Monetary incentive delay (MID) [219]. MID is one of the most commonly used fMRI tasks to
measure reward processing.

e Stop Signal Task (SST). SST is among the most frequently used fMRI tasks to measure inhibition
of a prepotent response tendency, e.g., demonstrating that reduced cognitive control over emotional
stimuli can predict risk-taking in adolescents [220], and poor cognitive control in relapse of
depression in young adults [221].

o Emotional N-back (EN-back) [222]. EN-back is a widely used fMRI task to more directly measure
emotion regulation and emotional reactivity in the context of cognitive processes by including
emotional stimuli, such as emotional faces, and requiring a cognitive component, such as working
memory or response inhibition.

For the young adult cross-sectional cohort, we will adopt an abbreviated Human Connectome Project (HCP)
neuroimaging protocol that is comparable to the youth protocol. The full HCP protocol is ~4 hours [175,
223]. Our adaptation involves fewer repeating sessions for structural MRI, diffusion MRI and rs fMRI
scanning, and select HCP tasks that are relevant to our hypothesis on emotional regulation. This will still
allow us to compare HCP-YA data (fewer sessions of HCP data analyzed) with YAPHEU and YAPHIV.
The Northwestern team, led by Dr. Todd Parrish (Protocol Team Member), works directly with site research
staff and oversees the multisite neuroimaging data acquisition and QA. The ~60-minute scanning protocol
includes structural MRI, task-based fMRI, rs fMRI, and diffusion MRI. The order of the fMRI tasks will
be randomly generated. The scanning protocol will be collected by site MRI facility technician, aided by
site research staff. The scan itself is approximately 70 minutes; the participant may be in the scanner for up
to 1.5 hours, and the total visit can take approximately 2.5 hours. Refer to the TERBO BRAIN MOP for
detailed information on scanner-specific scanning parameters.

The fMRI tasks for the young adult cross-sectional cohort are:

e Gambling (GAM). HCP adaptation of a card-game task developed by Delgado et al. [224] is used
to assess reward processing and decision making [184].

¢ Emotional Processing (EP). HCP adaptation of the Hariri Hammer Task developed by Hariri et al.
[225], is used to assess emotional processes [184].

e N-back Working Memory (NB-WM). HCP adaptation of the N-back task developed by
Drobyshevsky et al. [226] is used to assess working memory and executive function [184].

8.7.2 Acclimation, Training and Practicing

It is paramount to assure quality of neuroimaging data. Participants may need to be familiarized with the
noisy MRI scanner environment and learn to minimize motion during scanning. We will follow best
practices of standardization of data collection and quality practices adapted by the ABCD study [227],
which was modeled on the HCP study. These practices include training and scanner acclimation. Practicing
of the fMRI task is also required to ensure that participants understand the task instructions. These
procedures will be administered by site research staff immediately prior to scanning, lasting approximately
60 minutes.

As with all study procedures, if a participant becomes upset and does not want to continue with the
acclimation, training, and practicing session, the participant can request to stop the session at any time.
Refer to the TERBO BRAIN Imaging MOPs for detailed information on scanner acclimation, training, and
practicing procedures.
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9.0 ASTRO NESTED SUBSTUDY PROCEDURES AND ASSESSMENTS

Participants who also consented to participate in the ASTRO nested substudy will complete the procedures
described below within the window specified in Section 10.0.

9.1 Carotid-Femoral Pulse Wave Velocity

SphygmoCor technology will be used to ascertain cfPWV as the gold standard measure of aortic wall
stiffness. The cfPWV describes the speed at which a pressure wave propagates down the aorta with higher
values indicating a stiffer vessel. Pressure waveforms at the common carotid and femoral arteries will be
assessed transcutaneously in the supine position by trained site personnel. The length between the two body
surface sites and the time delay between the waveforms will be used to derive cfPWV (Figure 6). The
SphygmoCor device is easy to use with basic training and yields highly reproducible results. Dr. Urbina
will oversee the acquisition of cfPWV on study participants across all participating sites.

Figure 6. cfPWYV = Length/A Time
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9.2 Vital Signs and Anthropometrics

Weight, height, and blood pressure will be assessed in light clothing using standard techniques. Mid-waist
and hip circumferences will also be measured in triplicate by trained study staff.

9.3 Interviewer-Administered Questionnaires

Caregiver education for young adult participants only and physical activity (International Physical Activity
Questionnaire [I[PAQ] - Short Form) for both youth and young adult participants will be collected via
interviewer-administered questionnaires. Responses may be provided by the study participant and/or an
accompanying parent/guardian or caregiver [217, 228].

o The primary caregiver education questionnaire is comprised of a single question regarding the
highest educational degree held by the participant’s primary caregiver while growing up. This
question will be asked of young adult participants only. This information is collected for youth
participants as part of their TERBO BRAIN participation and the information will be used for the
ASTRO nested substudy.
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e The IPAQ — Short Form is a 7-item questionnaire that assesses the types of physical activity that
the participant was engaged in within the past 7 days.

94 Fasting Blood Draw

Fasting blood will be drawn, processed at individual study sites, stored, and shipped to the PHACS
Repository per the ASTRO Laboratory Processing Chart (LPC). Approximately 30 mL of blood will be
drawn in total for both pre-specified assays (~15 mL) and future studies (~15 mL) as described below.

9.4.1 Metabolic and Immune Serologic Markers

Fasting blood will be drawn for plasma glucose and serum insulin and lipids. Glucose and insulin will be
used to calculate HOMA-IR as a measure of insulin resistance [229]. Serum high-sensitivity CRP [230,
231], plasma soluble CD163 (sCD163) [232, 233], and soluble CD14 (sCD14) [234, 235], also will be
measured as key immune markers that have been shown to be elevated in both cardiovascular disease and
HIV infection. CD4 T cell count and HIV viral load in YAPHIV participants will be ascertained from AMP
Up and TERBO BRAIN as measures of HIV infection severity in YAPHIV.

9.4.2 Eicosanoid Profiling

Fasting blood will be drawn for eicosanoid profiling. Eicosanoid profiling (>100 eicosanoids) will be
performed on fasting plasma samples using semi-targeted metabolomics techniques in the Einstein Stable
Isotopes and Metabolomics Core under the direction of Irwin Kurland, MD, PhD. Samples will be
processed, stored locally, and shipped to the PHACS Repository as specified in the ASTRO LPC.
Eicosanoids are a complex network of bioactive lipids that play critical roles in biologic processes including
metabolism, inflammation, and endothelial function [236]. In collaboration with Dr. Kurland, we have
previously shown a distinct eicosanoid signature in infants with PHEU vs. controls in association with
metabolic and immune parameters [148]. In the general population, plasma eicosanoids have been shown
to strongly correlate with blood pressure [237], which is mechanistically linked to arterial stiffness [141].
Furthermore, supplementation of omega-3 polyunsaturated fatty acids (key eicosanoid precursors) has been
found to attenuate arterial stiffness in several small studies [160], possibly due to a favorable shift in the
eicosanoid profile [238]. In this nested substudy, relationships of eicosanoids with aortic stiffness among
the PHIV and PHEU populations will be investigated. Evidence of novel associations between eicosanoids
and aortic stiffness may implicate omega-3 fatty acid supplementation as a potential intervention to
attenuate aortic stiffness in these groups, to be explored in future studies.

9.4.3 Specimens for Future Studies

Fasting blood will be drawn and processed for serum and EDTA plasma for storage in the PHACS
Repository for yet to-be-determined future studies. Samples will be processed, stored locally, and shipped
to the PHACS Repository as specified in the ASTRO LPC. Permission to store specimens in the PHACS
Repository for future studies will be obtained from participants as part of the ASTRO nested substudy
consent process. Participants who do not agree to the storage of their specimens in the PHACS Repository
for future studies may still participate in the ASTRO nested substudy.
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10.0 SCHEDULE OF EVALUATIONS AND PROCEDURES

The TERBO BRAIN study will assess vulnerabilities and protective factors, mental health, cognition, risk
behaviors, and neuroimaging tasks at each study visit in order to collect multi-level data that allow for
systems-based analyses and the ability to probe mechanisms.

It is recommended that each TERBO BRAIN study visit be completed in two separate sessions occurring
on two separate days.

e The cognitive/behavioral session includes cognitive, mental health, and behavioral health
assessments, questionnaires for demographic and clinical (e.g., pubertal status; medications)
information, and a blood draw if needed to assess viral load and CD4 T cell count and percent in
YAPHIV. The assessments are expected to take 2-3 hours and will vary in length depending in part
on substance use reported by the participant; breaks will be provided as needed for participants and
caregivers.

e The neuroimaging session includes training, practice, and MRI scanning and is expected to take
3-4 hours.

The cognitive/behavioral session should be conducted at the first of the two sessions, except where needed
to accommodate scheduling constraints. While completing both sessions within a 3-week time period is
preferred, scheduling the neuroimaging session can be difficult due to scanner and/or participant
availability. Thus, the second visit can occur outside the 3-week window, if needed, to accommodate
scheduling constraints. This flexibility is meant to reduce missing data and participant burden and schedule
disruption. An extended window does not impact data/specimen fidelity. If/when this occurs, it will be
documented with a note to file in the participant’s record.

Chart abstraction must be completed on or within 3 months after completion of the first session of the study
visit.

In the unlikely event that technical or unforeseen issues arise a participant may need to return to
complete or repeat study assessments, including the neuroimaging session (e.g., unable to complete
scans, scan files become corrupted), . Upon return to complete or repeat scans, reaffirmation/continued
agreement from the participant to complete or repeat scans will be obtained prior to the re-scan session.
The participant will be compensated for their time and effort completing the re-scan session. A similar
reaffirmation should be obtained when other study-related assessments are not able to be completed for
technical or unforeseen issues.

The ASTRO nested substudy procedures and assessments should preferably occur anytime from when the
consent/assent addenda are signed until 6 months following the final session of the TERBO BRAIN Entry
visit. However, the visit may occur outside the 6-month window if needed, to accommodate scheduling
constraints. An extended window does not impact data/specimen fidelity but is meant to minimize
disruption to and burden on participants. If/when this occurs, it will be documented with a note to file in
the participant’s record. An optimal time to complete the study procedures from a logistical standpoint may
be on the day of the cognitive/behavioral session of the TERBO BRAIN study visit, prior to the TERBO
BRAIN evaluation. The nested substudy procedures and assessments are expected to take approximately
one hour.

The evaluations outlined below will be performed with each participant, after signed informed consent is

obtained, as part of their participation in this study. See Appendices I and II for tabulated summaries of the
TERBO BRAIN evaluations described below and their schedule for completion. See Appendix III for
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tabulated summaries of the ASTRO procedures and evaluations described below and their schedule for
completion.

When participants come off study, contact information will be requested in order to be able to notify
participants of important findings, if necessary, or to request participation in future evaluations.

Refer to the TERBO BRAIN Protocol MOP, TERBO BRAIN Assessments Manual, TERBO BRAIN
Imaging MOPs, and ASTRO Nested Substudy MOP for additional detailed information on the evaluations
and administration procedures.

10.1  Youth Longitudinal Cohort at Entry and 2-Year (24-Month) Follow-Up

Evaluations for YPHEU will be completed at Entry and again at the 2-Year (24-Month) Follow-Up. The
evaluations are the same at each of the two study visits and it is recommended that each study visit be
completed in two separate sessions (cognitive/behavioral and neuroimaging) occurring on two separate
days.

In the time between the two study visits, the site research staff will contact the participant once every six
months to check-in on how they are doing and update the family’s contact information, if necessary. If the
site were already in contact with the participant around the same time, then the phone call can be omitted.
Each phone call will take about 5 minutes.

For certain measures, if the measure was completed as part of the SMARTT study within a certain window
of the TERBO BRAIN study visit (see below), it does not need to be repeated for the TERBO BRAIN
study. In addition to self-report, the caregiver will complete assessments regarding the emotional/behavioral
well-being of the participant and report information on behalf of the participant, as needed.

YPHEU participants will be asked a question about use of substances within the past 24 hours by the
examiner prior to each cognitive/behavioral session and by the imaging research assistant prior to each
neuroimaging session in order to account for acute effects of use that may impact assessment/imaging
results.

10.1.1 Cognition and Mental and Behavioral Assessments
e Computerized Tests (Administer using iPad):
o Delay Discounting Task
o Emotion-Word/Emotion-Face Stroop
e NIH Toolbox (Administer using iPad):
o Flanker Inhibitory Control and Attention
o List Sorting
o Dimensional Change Card Sort
o Pattern Comparisons
o Picture Sequence
o Picture Vocabulary

o Oral Reading Recognition
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o Social Support
Examiner-Administered

o Cash Choice Task
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Paper-and-Pencil Questionnaires (Administered as an interview with examiner for youth self-

report; self-administered for caregiver-report)

o BRIEF-2 (Self-report (for youth aged 11 and older only) and caregiver report) (If not completed

as part of SMARTT within the 3 months prior)

o ASEBA CBCL (Self- and caregiver-report) (If not completed as part of SMARTT within the 3

months prior)
o CDI-2 (Self- and caregiver-report)
o SCARED (Self- and caregiver-report)

o PEARLS (Self-report (for youth aged 12 and older only) and caregiver-report)

o Life Events Checklist (Self-report only)

o Demographics Questionnaire (Caregiver-report)

o CYRM-R (Self-report only) (If not completed as part of SMARTT within the 3 months prior)

o Prosocial Behavior Survey Questions (Self-report only)

o PDS (Caregiver-report)

o ERQ-CA (Self-report)

o DERS-P (Caregiver-report)
Online Survey

o Substance Use

o PDS (Self-report)

Neuroimaging Session
T1-weighted MRI (T1)

Task fMRI

o Monetary incentive delay (MID)
o Stop Signal Task (SST)

o Emotional N-back (EN-back)
Diffusion Tensor Imaging (DTI)

Rs fMRI

T2-weighted MRI (T2)

Rs fMRI
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10.1.3 Chart Abstraction
e  Current medications since last SMARTT visit

e Neurologic and psychiatric diagnoses since last SMARTT visit

10.1.4 Existing SMARTT Data To Be Utilized
e Demographics, including family resources data
e Medical and medications history
e Caregiver CDQ data
e Birth history, including perinatal ARV exposures

10.2  Young Adult Cross-Sectional Cohort

Evaluations for YAPHEU and YAPHIV will be comprised of one study visit at Entry. It is recommended
that the study visit be completed in two separate sessions (cognitive/behavioral and neuroimaging)
occurring on two separate days. For certain measures, if the measure was completed as part of the AMP Up
study within 3 months prior to the TERBO BRAIN study visit, it does not need to be repeated for the
TERBO BRAIN study.

Young adult participants will be asked a question about use of substances within the past 24 hours by the
examiner prior to the cognitive/behavioral session and by the imaging research assistant prior to the
neuroimaging session in order to account for acute effects of use that may impact assessment/imaging
results.

10.2.1 Cognition and Mental and Behavioral Assessments
o Computerized (Administer using laptop):
o Delay Discounting Task
o Penn Emotion Recognition

e NIH Toolbox (Administer using iPad) (Do not complete the Cognitive battery if it was completed
as part of AMP Up within the 3 months prior. Complete the designated surveys from the Emotion
domain regardless of whether they were completed as part of AMP Up within the 3 months prior):

o Flanker Inhibitory Control and Attention
o List Sorting

o Dimensional Change Card Sort

o Pattern Comparisons

o Picture Sequence

o Picture Vocabulary

o Oral Reading Recognition

o Rey-Auditory Verbal Learning Test
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o Social Support (Instrumental and Emotional Support included within the Social Relationships
subdomain)

o Emotional Well-being (Negative Affect, Psychological Well-being, Social Relationships,
Stress and Self-Efficacy)

Paper-and-Pencil Questionnaires (Self-administered; can be interviewer-administered if participant
requires assistance)

o BRIEF-A
o ASEBA ASR
o PHQ-9

o 7-day alcohol and tobacco use
o ERQ

Online Survey:

o GAD-7

o Adult Transition Milestones

o Pittsburgh Sleep Quality Inventory
o Substance Use

o Sexual Risk Behaviors

o ACEs-Revised Questionnaire
o Stressful Life Events

o Brief Resilience Scale (BRS)

o Household and Financial Resources

Clinical Evaluations
HIV viral load (For YAPHIV with no result from within the 3 months prior)
CD4 T cell count and percent (For YAPHIV with no result from within the 3 months prior)

Neuroimaging Session

T1

Task fMRI

o Gambling (GAM)

o Emotional Processing (EP)

o N-back Working Memory (NB-WM)
DTI

Rs fMRI

T2
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Chart Abstraction
Current medications, including ARVs for YAPHIV since last AMP Up visit
Neurologic and psychiatric diagnoses since last AMP Up visit

For YAPHIV only: HIV viral load, CD4 T cell count and percent, and any changes in CDC class
since last AMP Up visit

Existing AMP Up Data To Be Utilized

Demographics, including household and financial resources data
Medical and medications history

Participant CDQ data

Birth history, including perinatal ARV exposures

For YAPHIV only: HIV disease history, including HIV viral load, CD4 T cell count and percent,
and changes in CDC class, and historical and current ARV exposures

ASTRO Nested Substudy

Evaluations for the ASTRO nested substudy will be comprised of one study visit at Entry, preferably on
the same day as the cognitive/behavioral session of the TERBO BRAIN study visit. Evaluations for the
ASTRO nested substudy should be completed within approximately 6 months following the final session
of the TERBO BRAIN Entry visit (see Section 10.0). Given that the ASTRO nested substudy requires a
blood draw in a fasting state (no food except water for at least 8 hours), it is recommended that the ASTRO
procedures be completed first. After completion of the ASTRO procedures, the participant will be allowed
take a break and eat a meal before proceeding with the TERBO BRAIN visit assessments. Refer to Section
13.7 if participant did not fast for at least 8 hours.

If a participant has an active acute infection (e.g., upper respiratory infection, urinary tract infection) with
ongoing symptoms or use of short-course anti-microbial agents including antibiotics, study procedures
should be re-scheduled to after the infection resolved.

10.3.1
°

Clinical Evaluations

cfPWV

Vital signs (height, weight, and blood pressure)
Anthropometrics (mid-waist and hip circumferences)

Fasting blood draw (metabolic, immune, and eicosanoid biomarkers)

Survey Assessments
Primary caregiver education (young adult participants only)

IPAQ
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10.3.3 Existing Study Data To Be Utilized
e cfPWYV data from the general population (from Dr. Urbina)
e Prenatal maternal characteristics (e.g., CD4 T cell count) for YPHEU from SMARTT
e CDA4T cell count and viral load for YAPHIV from AMP Up
e TERBO BRAIN study data

11.0 DATA COLLECTION AND MONITORING

11.1  Participant Identification

Participants must not be identified by name on any case report forms (CRFs), cognitive and behavioral
assessments (i.e., questionnaires, online surveys, NIH Toolbox), or neuroimaging files that are part of their
research record. The ASTRO nested substudy blood specimens also must not be identified by name.
Participants are to be identified only by the PID and SID/PIN numbers assigned by the TERBO BRAIN
study. The same PID and SID used in the TERBO BRAIN study will be used for the ASTRO nested
substudy. Study research records with PID and SID/PIN numbers must be stored separately from source
documents that include personal identifiers.

11.2  Neuroimaging Data Management and Quality Assurance (QA)

Upon completion of each neuroimaging session, site research staff will upload raw Digital Imaging and
Communications in Medicine (DICOM) data as well as task behavior data, without protected health
information, to the Northwestern University Research Image Processing System (NURIPS), an online
collaborative research environment for securely storing, managing, analyzing, and sharing de-identified
medical imaging, associated data (behavioral), and results from advanced customized pipelines [239-241].
NURIPS is supported by both Northwestern University Information Technology (NUIT) and Feinberg
School of Medicine-Information Technology (FSM-IT) and takes advantage of the Northwestern
University high performance computing cluster, Quest. NURIPS is a secure environment that supports the
latest Northwestern University policy and procedures for encryption of data during transit and rest, provides
granular project level access controls with varying permissions based on user groups, and allows non-
Northwestern University collaborators access once they obtain an affiliate network ID. All data are backed
up and have restore points that go back for 30 days. Users have access to common data analysis pipelines
and the opportunity to create and share their own pipelines. Derived data produced from automated QA and
imaging analysis pipelines will be transferred to the PHACS central database. Refer to the TERBO BRAIN
MOP for details on transfer site scanning data to NURIPS. A copy of the archived data, as well as derived
data, will also be sent from NURIPS to the PHACS DMC at Frontier Science for archival purposes.

For neuroimaging data QA, the following procedures will be employed. Refer to the TERBO BRAIN MOP
for details.

¢ During the scan, site research staff carry out QA procedures as specified in the MOP. This includes
a visual inspection to determine whether any scan needs to be repeated before ending of scan
session.

e Once data have been uploaded to NURIPS, automated QA pipelines implemented on NURIPS will
be triggered to indicate scan sequence parameter compliance/deviation and imaging protocol
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completion and will produce metrics for neuroimaging data quality (such as motion). Results will
be reviewed by the neuroimaging team (Drs. Lei Wang and Todd Parrish,) and communicated back
to the site research staff should attention and correction be necessary.

11.3  Online Survey

The online survey will be administered using a secure cloud-based software tool, that is specifically used
for creating online surveys. The online survey can be completed on any device on which the internet can
be accessed, including a smartphone. The online survey data will be transferred using Hyper Text Transfer
Protocol Secure (HTTPS) connections that adhere to the Food and Drug Administration (FDA) guidelines
for secure electronic data capture. The collected data will be stored on a secure cloud server and transferred
to the PHACS central database at Frontier Science. Access to the server will be highly restrictive and limited
to a small number of technical and project staff members who have been authorized by PHACS Leadership
to have access. The DMC will provide information to clinical sites on how to access the online survey for
participants.

11.4  NIH Toolbox

The NIH Toolbox data will be stored within the NIH Toolbox app. All data submitted are encrypted and
stored on a secure server. Security measures designed to protect against the loss, misuse, or alteration of
data are also in place at the physical facilities where servers are housed at Northwestern University in
Chicago, IL, and the NIH. Clinical sites must export the Registration Data, Assessment Scores and
Assessment Data files for each participant to the DMC through a secure web-service (see TERBO BRAIN
MOP for details). The DMC will provide assistance to clinical site staff on how to set up the NIH Toolbox
app and transmit the data.

11.5 Data Collection — CRFs

For medical record abstraction and other non-web-based data collection, CRFs will be made available on
the PHACS DMC web portal. Whenever possible, sites are encouraged to complete CRFs electronically,
including those that are used as source documents, through direct data entry (DDE) into the PHACS central
database. The DMC at Frontier Science will provide research staff with instructions about entering study
data on electronic CRFs.

11.6 Data QA

Investigators receiving federal funding must adhere to the Code of Federal Regulations (CFR) to protect
research participants and produce reliable study information. Clinical sites participating in the TERBO
BRAIN study, sponsored by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD), will be required to have an internal QA plan that will be employed to identify
problems and correct errors in research study records. Clinical sites are responsible for following TERBO
BRAIN data QA procedures.

Additional imaging data quality assurance procedures are performed by site research staff and the
neuroimaging team (see Section 11.2).
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11.7  Clinical Site Monitoring and Record Availability

Clinical site monitoring for protocol and regulatory compliance will be conducted by Westat at each
participating TERBO BRAIN site either in-person or via remote monitoring.

The site investigator will make study documents for the TERBO BRAIN study and the ASTRO nested
substudy (e.g., consent forms, CRFs, and other study data) and pertinent hospital or clinic records readily
available for inspection by the local IRB, the NIH, the Office for Human Research Protection (OHRP), and
the site monitors acting on behalf of the NICHD. Site monitors will verify that the informed consent process
was provided, the data collected matches source documents, and regulatory compliance is maintained.

Note: Participating sites are responsible for specifying these individuals and the PHACS investigators as
recipients of private health information in the individual’s authorization required under the Health Insurance
Portability and Accountability Act of 1996 (HIPAA) Privacy Rule.

12.0 STUDY MANAGEMENT

The TERBO BRAIN study and the ASTRO nested substudy will be conducted in compliance with the
protocol, Good Clinical Practice (GCP) Guidelines, and the applicable regulatory requirement(s).

12.1  Protocol Query Management

For the integrity of the study and the welfare of the participants, it is important for the research staff and
research participants to have rapid access to the research team. Site research staff will send all queries to
the respective protocol team, i.e., TERBO BRAIN or ASTRO, using the QNS accessible via the internal
PHACS website. It is expected that the respective Protocol Co-Chairs or designee will respond to queries
within 48 working hours of receipt. Queries and replies will be automatically archived by the PHACS
webmaster. Those queries deemed relevant to all sites will be posted on the PHACS website, where they
will be available to all sites for future reference, as well as emailed weekly to all PHACS staff. Examples
of query categories include protocol violations or adverse participant, staff, or community experiences
related to the protocol, study management issues requiring clarification, and participant management issues
that fall outside the protocol parameters. Queries specific to the ASTRO nested substudy will be its own
category within the TERBO BRAIN study and will be directed to the ASTRO nested substudy protocol
team.

12.2 Data Management

It is the responsibility of the PHACS DMC to ensure the completeness, quality, and integrity of clinical and
laboratory data for each PHACS study. This role extends from protocol development to generation of the
final study database. Data for TERBO BRAIN and the ASTRO nested substudy will be entered into the
central PHACS database.

This study follows PHACS standards and recommended guidelines for data management. The PHACS
DMC will provide site research staff with instructions concerning the collection and recording of study
data. The data will be entered into an electronic CRF using an electronic data capture (EDC) system. Each
site is responsible for keying the data in a timely fashion according to standards set by the PHACS Network.
The EDC system has built-in basic error checking capability so that minor errors can be resolved at the site.
The data entered will then be exported to the PHACS central database where additional data checking and
processing will take place. Data errors found during the automatic processing and loading of data will be
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communicated to the site via daily update reports. The study data manager will perform additional data
checks, and any errors found during this process will be communicated via an interactive query mechanism
integrated within the EDC system.

Additional imaging data management is performed by the neuroimaging team (see Section 11.2).

12.3  Rolling Implementation and New Protocol Versions

As both the TERBO BRAIN study as well as the ASTRO nested substudy will be implemented across
multiple clinical sites, initial implementation of the studies will occur on a rolling basis as each site becomes
ready. Furthermore, deployment of surveys, study assessment tools, and other study-related activities may
occur on a rolling basis depending on their availability and readiness. It is acknowledged that rolling
implementation is no fault of the sites.

The introduction of a new protocol version may result in a period of delay between HLC IRB approval and
functional roll-out of the new protocol version to sites in order to allow time for operational changes to be
made. In addition, data collection instruments may need to be modified as a result of the approved new
protocol and may not be available immediately upon receipt of HLC IRB approval. The Protocol Teams
will ensure that all infrastructure-based operational components required for initiating implementation of
the new protocol version (including the enrollment system’s eligibility checklist and the new data collection
instruments) have been aligned with the updated protocol version and are completed. The date this is done
is the effective implementation date, which will be specified with the protocol amendment. Sites should not
enroll or follow participants under the new protocol version prior to the effective implementation date.

13.0 PARTICIPANT MANAGEMENT

13.1 Data Collection Time Point Management

All assessments and data collections are to be conducted according to the Schedule of Evaluations in
Appendices I, IT and III. For the TERBO BRAIN YPHEU cohort, the target date for the 2-Year (24-Month)
Follow-Up visit should be the 2-year anniversary of the Entry visit date (approximately +/- 3 months). Both
the cognitive/behavioral and the neuroimaging sessions for each study visit must be completed within
approximately a 3-week timeframe. Medical record abstraction for current diagnoses and medications
should include all data since the participant’s last SMARTT (if currently enrolled) or AMP Up visit, and
for the past 12 months for those formerly enrolled in SMARTT, and must be completed on or within 3
months after completion of the first session of the study visit.

Assessments completed as part of the SMARTT or AMP Up study within the 3 months prior to the visit,
will not be repeated as part of TERBO BRAIN unless specified. For YAPHIV, current HIV disease data
(HIV viral load and CD4 T cell count and percent) from within the 3 months prior to the visit should be
collected. If not available, sites will perform the tests as part of the TERBO BRAIN study.

According to Human Subjects Protection guidelines, a participant may voluntarily decline any specific
protocol assessment or specimen collection during a study visit, and any such missed assessments will not
be considered a protocol deviation. Thus, voluntary participant refusal of any research activities does not
require HLC IRB notification. The site should document the participant’s decline of a specific protocol
assessment or specimen collection in the participant’s file and on the appropriate CRF.
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13.2  Enrollment of Participants with Cognitive Impairment

Potential participants with cognitive impairment who meet study eligibility criteria will not be excluded
from enrollment. Enrollment of participants with cognitive impairment is justified given that the cause of
the cognitive impairment may be related to the exposures being studied and not enrolling these individuals
may introduce bias into the study. TERBO BRAIN and ASTRO are observational studies; therefore, any
potential risks or negative impacts on the well-being of these individuals are minimal. Given these
conditions, enrollment of participants with cognitive impairment is in line with the U.S. Department of
Health and Human Services (DHHS) and FDA regulations.

Clinical sites will evaluate cognitive impairment through multiple means. In many cases, the clinical sites
will have extensive experience with and knowledge of the skills and capabilities of the participant including
thorough neuropsychological testing results obtained during the individual’s previous participation in other
studies. All sites have psychologists on staff who can conduct further screenings when appropriate.
Potential participants with significant cognitive impairments that would render them unable to complete
study assessments (as determined by the clinical site PI or designee) should not be enrolled in the studies.
Site staff should consult with the respective Protocol Team through the QNS if they have any concerns
regarding a participant’s eligibility for a study.

Participants with cognitive impairment will consent on their own behalf if legally able. For individuals with
an LAR, LAR permission and participant assent will be obtained. Participating sites will consult with the
HLC IRB, or site IRBs if indicated, for guidance when needed. Caregivers of participants with cognitive
impairment will answer questions as proxies on behalf of participants but will not be consented and enrolled
as study participants themselves.

13.3  Participant Retention

Participant retention will be a challenge and maintaining retention is a high priority. Retention and
completion of data collection time points will be monitored carefully.

For participants in the TERBO BRAIN YPHEU cohort, site research staff will schedule the 2-Year (24-
Month) Follow-Up visit at the end of the Entry visit. Site research staff will also contact YPHEU cohort
participants once every six months during the period between the two study visits to check-in on how they
are doing and update the family’s contact information, if necessary. Site research staff are responsible for
contacting participants to provide reminders about the upcoming study visit as appropriate.

For TERBO BRAIN YPHEU participants who plan to move out of the area between Entry and the 2-Year
(24-Month) Follow-Up visit, site research staff will evaluate if the participant can return to the original
clinical site for the 2-Year Follow-Up visit. If not possible, the site research staff will determine if there is
a TERBO BRAIN participating site in the vicinity of the participant’s new location to which the participant
can be transferred.

13.4  Discontinuing Study Participation

The Protocol Teams will monitor the rate and reasons for discontinuing follow-up. Participants will be
discontinued from the TERBO BRAIN study and/or the ASTRO nested substudy if any of the following
occurs:

e The participant withdraws permission;
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e The participant fails to comply with the study requirements so as to cause harm to self or seriously
interfere with the validity of the study results and the clinical site PI believes that compliance is
unlikely to improve;

e The clinical site PI determines that further participation would be detrimental to the participant’s
health or well-being;

e The study is stopped by a governmental agency, including the NIH or DHHS;

o The clinical site is terminated for significant participant safety concerns, study integrity, poor
performance issues, or lack of funding; or

o The HLC IRB decides to withdraw approval for the study due to participant safety concerns.

13.5 Participant Compensation

As approved by the HLC IRB, TERBO BRAIN study participants will receive $200 remuneration for each
of the two sessions for each study visit, totaling $400 for every study visit. Local IRBs may designate the
need for additional remuneration or reimbursement as deemed appropriate. Furthermore, as part of the MID
fMRI task, participants may receive an average of about $20 for completing the task.

Participants may be asked to return to complete or repeat study assessments, including
neuroimaging scans (MRI) due to technical or unanticipated issues. If completing or repeating the
MRI is necessary, site staff will explain the MRI procedures to the participant again prior to the
repeat MRI. Participants will be compensated for their time and effort completing each re-scan
session ($200). Participants will not be asked to repeat the scan more than 2 times.

Participants enrolled in the ASTRO nested substudy will receive $65 for their time and effort in the
completion of the ASTRO nested substudy procedures and assessments.

13.6 TERBO BRAIN Test- and Evaluation-Specific Management

TERBO BRAIN study measures will be administered as described below. Research staff member will
monitor participants during and after administration of measures and follow the PHACS Emergency
Protocol to address atypical and/or worrisome emotional responses that may occur.

13.6.1 Online Survey

The online survey consists of a series of web-based questionnaires. Each questionnaire focuses on a specific
topic and begins with an introduction explaining the purpose of the questionnaire. Most questionnaires will
be structured to allow for completion on any device that a participant might use to access the internet,
including a smartphone. Skip patterns will be programmed into the survey, and questions can be skipped
by participants if they choose. At the end of the survey, after the participant clicks “submit,” their responses
will be locked and neither the site research staff nor the parent/caregiver of YPHEU participants will be
able to access the responses.

The online survey for YPHEU participants contains questions about substance use. The nature of the
substance use questions will be described to the parent or caregiver as part of the informed consent process,
however, they will not be able to view the participant’s responses. An examiner may assist YPHEU with
portions of the online survey if the participant has difficulty reading or responding to the questions.
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The online survey for YAPHEU and YAPHIV participants contains questions about substance use and
sexual risk behaviors, as well as other areas. Participants with cognitive impairment who cannot complete
the online survey independently can either complete survey as an interview with a research staff member
or have their caregiver complete the survey. In both formats, substance use and sexual behavior information
will not be collected.

The online survey will be completed by the participant in a private space at the clinical site whenever
possible. For YAPHEU and YAPHIV participants only, if needed, the online survey may be completed at
home or another location outside of the clinic, in which case, the research staff will ensure that the
participant is able to complete the survey independently and completes it within 2 weeks after the study
visit. Participants will be provided with tips on how to protect their privacy when completing the survey
(e.g., use a personal computer or device that is not shared with others when possible, take it in a private
space where they are comfortable answering questions, etc.).

13.6.2 NIH Toolbox

The NIH Toolbox was developed for longitudinal epidemiologic studies and prevention or intervention
trials to assess cognition, sensation, motor, and emotion domains via streamlined computer-based measures.
The TERBO BRAIN study will administer the Cognition domain subtests and one Emotion domain subtest
for YPHEU, and the Cognition domain and multiple portions of the Emotion domain for YAPHEU and
YAPHIV. The Toolbox uses Item Response Theory and Computer Adaptive Testing to provide a brief, low
burden assessment with reliability and validity comparable to psychometrically sound, longer assessments.
The assessment will be administered by a centrally-trained examiner and does not require administration
by a psychologist.

13.6.3 Examiner- and Self-Administered Cognitive, Mental Health and Behavioral Measures

Administration of all cognitive and mental and behavioral health evaluations/screenings that are not part of
the online survey will be conducted by an examiner, or with assistance from an examiner as needed, at the
clinical site. The examiner can be a site psychometrist or research staff member who is fully trained on all
TERBO BRAIN cognitive/behavioral measures and approved by the TERBO BRAIN Protocol Team to
administer the measures, under the supervision of the site psychologist. Refer to the TERBO BRAIN MOP
for details. Examiner training will include monitoring for and strategies to minimize participant discomfort,
fatigue, or upset.

13.7 ASTRO Nested Substudy Blood Draw

Refer to the ASTRO nested substudy schedule of evaluations in Appendix III for laboratory tests that will
be performed as part of the nested substudy. The type of tube/anticoagulant for specific tests is critically
important and testing specifications can be found in the ASTRO LPC.

Page 64 of 113



PHACS PH600
Version 1.5
November 14, 2023

Fasting is required for the ASTRO nested substudy blood draw, unless determined to be unfeasible due to
a valid medical condition by the local clinical investigator. The minimum duration of fasting is 8 hours.
Water and medications are allowed during fasting.

If a participant did not fast for at least 8 hours, it is advised to not proceed with the blood draw. Instead, the
blood draw should be rescheduled for a different day. If a participant cannot return on a different day, a
query should be sent to the protocol team via the QNS for guidance.

When the ASTRO nested substudy visit is completed on the same day as a TERBO BRAIN visit session,
ASTRO procedures should be done first. Participants should be allowed to rest and eat before proceeding
to their TERBO BRAIN visit procedures.

14.0 ADVERSE EVENT (AE) REPORTING

The TERBO BRAIN study and the ASTRO nested substudy are not therapeutic studies and no medications
are prescribed or given as part of these studies. Youth and young adults enrolled in these studies may
develop common conditions requiring treatment during the course of the study period. Site study personnel
will assist the participants in receiving appropriate care as appropriate to their roles at their site. YAPHIV
participants may also experience AEs associated with HIV infection, ART exposure, or other medications.
Clinical site PlIs are encouraged to use the FDA’s MedWatch system to report any events possibly associated
with medications clinically prescribed for the participant. The Protocol Team does not anticipate any drug-
related AEs as a result of participation in the TERBO BRAIN study and/or ASTRO nested substudy.

15.0 STUDY IMPACT AND SAFETY MONITORING

The Protocol Teams will monitor participant-, staff-, and community-associated untoward events.
Monitoring will consider the impact of the study on the welfare of three groups of people:

e Research participants.
e Site research staff.

e The community in which the research is being conducted.

Reporting of participant or staff-associated negative study impact events to the Protocol Team(s) will result
in the re-examination of study procedures and allow changes as necessary to address concerns about
participant management, recruitment, enrollment, adequacy of training, and/or the need to modify
procedures. Community-associated untoward event reporting will facilitate understanding of the impact of
the study on the community and will provide the opportunity to address community-level concerns and to
intervene in a timely manner to correct misinformation or perceptions of practices that may cause
community concern.

All clinical sites have psychologists, social workers, or other clinical staff qualified to address situations if
a participant becomes distressed. In addition, PHACS has developed standard operating procedures for sites
to follow in these circumstances (available on the PHACS website at https://my.phacsstudy.org).
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15.1  Grading of Impact

The grading system for events involving study participants or staff will be as follows:
e Minimal Impact: managed at the time of event with no consequences.
e Moderate Impact: managed by referral for supplemental care/counseling.

e Major Impact: needed immediate professional intervention with or without hospitalization.

Community events will not be graded but will be addressed as they occur.

15.2  Reporting Requirements

All moderate and major impact events involving study participants or staff are to be reported to the Protocol
Team(s) through the QNS by the clinical site. Any event that is deemed to have negatively impacted a
participant to a more than minimal extent and is related to the study activity must also be reported to the
PHACS Regulatory and Compliance Manager by the study site through the QNS. Reportable events could
involve study participants and/or staff members.

Examples of moderate and major impact events for study participants that could be related to the study
activity include:
¢ Disruptive or violent behavior during the scheduled study visit session.

e Information regarding personal harm which is disclosed (e.g., current suicidal or homicidal
ideation, physical or sexual abuse, active suicidal/homicidal intent, plan, and/or means).

e Significant visible distress or injury resulting from the research encounter (e.g., emotional
response/distress as a result of responding to questions about violence, abuse, etc. or burns related
to ferrous metal in the body).

e Breach of confidentiality.
Examples of moderate and major impact events for research staff that could be related to the study activity
include:

e Inadequate preparation for management of research-related events.

e Visible distress or injury resulting from the research encounter.
Note: The distinguishing feature of moderate and major impact events is the need for enlisting additional
support outside the research staff and the research encounter. The online surveys will include information
on how and where participants can obtain assistance should they have feelings of anxiety, or other mental
health concerns after completing the survey.
Examples of events for the community include:

e Any adverse community feedback received by the institution or the research team concerning the
study.

e The study being portrayed adversely in any community forum or in the media.
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The PHACS Regulatory and Compliance Manager will be responsible for reporting such events to the HLC
IRB. The PHACS Regulatory and Compliance Manager will also work with the sites to ensure that the
site’s local IRB is notified of the event as required.

15.2.1 State Mandated Reporting Requirements

Laws governing the reporting of certain communicable diseases and illegal behaviors to authorities vary
from state to state. Clinical sites are responsible for adhering to the reporting laws in their respective states.
Clinical sites will consult with the HLC IRB and their local IRBs for guidance when needed.

15.3  Monitoring Plan

The TERBO BRAIN Protocol Team and ASTRO Protocol Team will each hold regular conference calls to
review study progress. These calls will occur at least monthly. More frequent calls or ad hoc calls may
occur at the discretion of each study’s Protocol Chairs and Co-Chairs if a problem is identified that needs
to be addressed immediately.

16.0 TERBO BRAIN STUDY STATISTICAL/ANALYTIC CONSIDERATIONS

16.1  Sample Size

16.1.1 Study Sample

The TERBO BRAIN study will enroll a longitudinal cohort of approximately 190 YPHEU and a cross-
sectional cohort of approximately 100 total of young adults with about 1:3 ratio between YAPHEU and
YAPHIV.

16.1.2 Comparison Participants for YPHEU

After all YPHEU have been enrolled, comparison participants will be drawn from the ABCD study,
frequency matched on sex, race, ethnicity, household income, and pubertal stage. The ABCD study has
been collecting data from over 14,000 children enrolled at ages 9-10 at 21 sites across the US. Because of
the large sample size of the ABCD study and its diverse study population, we are confident that we will be
able to obtain a comparison sample with a 3 to 1 or higher ratio in sample sizes for sufficient power that
will match the demographic and socioeconomic characteristics of our YPHEU cohort. The ABCD study
publicly releases its quality-controlled data as they are collected. See below for power calculations.

16.1.3 Comparison Participants for YAPHEU and YAPHIV

After all YAPHEU and YAPHIV have been enrolled, comparison participants will be drawn from the HCP-
Y A study, frequency matched on sex, race, ethnicity, household income, and age. The HCP-Y A study was
designed to characterize brain connectivity and function in healthy young adults and has publicly released
quality-controlled datasets from 1,200 participants aged 22-35 including neuroimaging, mental health,
cognition, risk behaviors, physical health, education, and emotion. The HCP-Y A study is completed and
has publicly released all of its quality-controlled data. We will obtain a comparison sample of a minimal
size of 100.
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16.2  Neuroimaging Data Processing

The procedures described in this section will generate the following for subsequent statistical analysis: a)
cortical and subcortical structural region of interest (ROI) volumes; b) beta weights for task activation
within each ROI; ¢) graph theory metrics including density, transitivity, and small-worldness for rs intrinsic
network connectivity; and d) FA for white matter tracts connecting the hypothesized ROIs in each network
construct — reward & salience processing, behavioral regulation, and emotion regulation.

16.2.1 Preprocessing

Harmonized image processing steps and best practices adapted by the ABCD study [227] will be followed
in this study. The methods are validated and used for large-scale multisite studies, and include standard
routines, e.g., FreeSurfer [242, 243], Functional MRI of the Brain Software Library (FSL) [244], and
Analysis of Functional Neuro Images (AFNI) [245]. The processing pipeline used for the current ABCD
Data Release 2.0 is publicly available as a self-contained, platform-independent package
(https://collection3165.readthedocs.io/en/stable/pipeline/).

16.2.2 Multimodal Neuroimaging Data Analysis

The primary approach to all neuroimaging analyses will be ROI based. Because this study’s overall
hypothesis involves brain networks supporting emotional regulation, with a set of well-documented brain
regions and a set of well-established functional tasks that probe these regions, hypothesis-based testing will
be constrained to 13 ROIs defined a priori for the following network constructs underlying emotional
regulation (Table 3): Reward & salience processing — ventral striatum (vSTR), thalamus (THAL), insula
(INS), orbitofrontal cortex (OFC), ventromedial prefrontal cortex (vimPFC) (regions of SN, DMN);
Behavioral regulation — ventrolateral prefrontal cortex (VIPFC), dorsal anterior cingulate cortex (dACC)
(regions of CEN); Emotion regulation — dorsolateral prefrontal cortex (dIPFC), vIPFC, vmPFC, amygdala
(AMY), hippocampus (HIPP), vSTR (regions of CEN, SN, DMN). Structural ROI volume, task fMRI ROI
activation, white matter integrity and rs intrinsic network measures will be calculated. These measures will
each be used in primary statistical analyses (e.g., differences on baseline and change estimates, correlation
with non-imaging assessments).

State-of-the-art neuroimaging methods will be applied for secondary analyses. Computational
diffeomorphometry [246] will be used to compute brain structural shape for detecting effects that are below
volume sensitivity levels. Independent component analysis (ICA) [247], a model-free, data-driven method,
will be used to examine interactions between brain networks. Recent advances in dynamic analysis of rs
fMRI data (e.g., sliding-window analysis, time-frequency analysis) will be used to capture time-varying
properties of rs brain activity [248, 249]. Multivariate pattern analysis [250], multiple kernel learning [251,
252], deep-learning approaches [253] will be utilized for multimodal analysis and collaborate with PHACS
Epidemiological and Statistical Methods Core (ESC) on advanced deep-learning methods.

Table 3. Network Constructs
Based on ABCD Guidelines [77], Literature on Emotional Regulation [22], and Triple-Network Model
[63]

Network Construct Network ROIs
Reward & salience processing vSTR, THAL, INS, OFC, vmPFC (SN, DMN)
Behavioral regulation vIPFC, dACC (CEN)
Emotional regulation dIPFC, vIPFC, vmPFC, AMY, HP, vSTR (CEN, SN, DMN)
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16.2.3 Structural Volume

Validated methods will be used for automated processing of structural MRI, which yield neuroanatomic
indices equivalent to those by expert raters but are more transparent and reproducible [242, 243, 246].
Cortical ROI will be obtained with the whole-brain longitudinal-stream FreeSurfer [242, 243]. FreeSurfer
morphometric procedures have been demonstrated to show good test-retest reliability across scanner
manufacturers and across field strengths [254, 255]. Subcortical ROIs will be generated using automated
multi-atlas [256], multi-structure [257], FreeSurfer-initiated Large-Deformation Diffeomorphic Metric
Mapping (FS-LDDMM) [257-259] pipeline. FS-LDDMM is an atlas-based mapping algorithm, combining
FreeSurfer [242] and high-dimensional large-deformation diffeomorphic metric mapping (LDDMM) [260].
Dr. Wang and collaborators have been part of the development of FS-LDDMM and other computational
anatomy [260, 261] and diffeomorphometry [246, 262, 263] tools for nearly two decades, and have applied
them extensively in studies of neuropsychiatric disorders in adults [264-270] and youth [271, 272],
including YPHIV [37, 38]. These procedures will generate cortical and subcortical structural volumes for
statistical analyses.

16.2.4 Task fMRI Activation

Voxel-wide fixed-effects analyses will first be performed on individual runs to produce activation beta
estimates associated with each condition and linear contrasts of conditions. For MID and SST analyses,
events are modelled as instantancous; for EN-back, the duration of cues (~3 s) and trial blocks (~24 s) are
modelled as square waves convolved with the two-parameter gamma basis function (i.e., block duration).
ABCD has partitioned the whole brain into 333 parcellations based on a network atlas [273], and made
available beta weights for each of the task conditions and contrasts, averaged within each of the 333
parcellations for each participant. The Gordon et al. atlas [273] will similarly be applied to calculate the
beta weights for the parcellations that are within the proposed set of ROIs.

16.2.5 Integrity of rs Intrinsic Networks

Rs fMRI data will be extracted from ROIs, then cross-correlated and standardized, generating a resting-
state functional connectivity (rsFC) measure for each ROI pair. A connectivity matrix will be constructed
for each participant using the rsFC measures to characterize weighted networks. Unlike binary networks,
which consider a connection to be present if it exceeds an arbitrary threshold, weighted networks weigh
connections by the strength of the correlation, eliminating the influence of different thresholds. Graph
theory metrics will be calculated to describe network integrity outcomes [274] for statistical analyses.
Graph-theory based modularity analysis can identify communities of groups of nodes that are highly
connected within the same module but less connected across modules [275, 276]. Graph theory metrics will
include density, reflecting the total “wiring cost” of a network, transitivity, measuring network segregation
into clusters, and small-worldness, or the balance between segregation and integration [277].

16.2.6 Integrity of White Matter Regions

DTI images will be analyzed with Tract Based Spatial Statistics (TBSS) as implemented in FSL [278].
TBSS generates whole brain voxelwise maps of FA - a measure of white matter integrity. Using reference
atlases [279] to measure white matter regions that connect the ROIs, FA will be measured, focusing on the
white matter tracts connecting the hypothesized ROIs in each of the emotional regulation network
constructs (Table 3).
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16.3  Cognitive/Mental Health/Behavioral Data

For cognitive and mental and behavioral health measures, standardized composite scores will be utilized,
where available (e.g., ASEBA index scores, NIH Toolbox Cognitive subtest age-adjusted scores). Standard
procedures will be used to generate composite scores for cognitive domains with multiple measures.
Standard score ranges will be used to examine clinically relevant groups for mental health measures (e.g.,
Emotional Problems and Functional Problems (using CDI-2 for YPHEU) and cut-off scores for depression
using PHQ-9, and anxiety using GAD-7, for YAPHEU and YAPHIV). As appropriate, additional analyses
will explore in depth cognitive and emotional-behavioral functions within specific domains.

16.4  Statistical Analyses

16.4.1 Aim 1: To longitudinally assess brain network development underlying emotional regulation
and relate to mental health, cognition, and risk-taking behaviors in YPHEU compared to a
population-based cohort without known perinatal HIV exposure

Study Set: YPHEU and ABCD participants, frequency matched on sex, race, ethnicity, SES, and pubertal
stage within cross-classification of all the matching factors.

We will examine whether the enrolled YPHEU are representative of those enrolled in the SMARTT
Dynamic cohort in terms of demographic and socioeconomic characteristics and cognitive measures that
are also available in SMARTT. If the TERBO BRAIN participants do not seem representative, we will use
inverse probability weighting technique to correct for possible selection bias. If an appropriate frequency
matched sample between TERBO and ABCD participants is not achievable, we can include a sufficient
sample with standardized mortality ratio (SMR) weights to obtain comparability. All models will also adjust
for these matching factors.

Hypothesis 1a: YPHEU will exhibit atypically attenuated growth in brain networks supporting emotional
regulation as they age when compared to a population-based cohort.
e Qutcomes: neuroimaging measures at Entry and 2-Year (24-Month) Follow-Up:
a) structural MRI - volume from each of the 13 ROIs (Table 3);
b) task-fMRI (MID, SST, and EN-back) - activation measured by beta weights per task per ROI;

c) r1s fMRI - measures of intrinsic functional network integrity based on the ROIs, such as density,
transitivity and small-worldness; and

d) DTI - mean FA within each of white matter regions that connect ROIs for reward/salience,
behavior/self-regulation and emotion regulation network constructs.

e Exposures of interest: cohort, age.

o Covariates and potential confounders: sex, race, ethnicity, baseline PDS, household income, family
structure (e.g., single parent household), and other socioeconomic factors at baseline.

e Analysis plan: Each neuroimaging measure at baseline will be summarized using descriptive
statistics, including the mean and standard deviation (or median and quartiles, when appropriate)
by cohort, and compared between cohorts by a Wilcoxon test. Longitudinal data analyses will be
implemented using generalized estimating equations (GEEs), which is relatively robust to
departures from normality. The model will assume a linear relationship of each imaging outcome
with age, allowing an interaction (difference) between the intercept (mean per given age) or slope
(change per year) and cohort, adjusting for covariates/confounding variables. The possible
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clustering effect of clinical site will be modelled as a random effect. The Benjamini-Hochberg-
Yekutieli [280] procedure will be applied to control the false discovery rate (FDR) across various
outcomes within each of the four types of imaging, while considering the correlation among
outcomes.

Hypothesis 1b: Brain network growth will be more strongly related to poor mental health and impaired
cognition in YPHEU than in the comparison cohort.

Outcomes:

a) Cognition — composite scores of each of the six constructs (Table 1): Reward and Salience
processing, Behavioral Regulation, Emotion Regulation, Fluid Reasoning, Crystalized
Cognition and Episodic Memory; and

b) Mental health — internalizing, externalizing composite scores (ASEBA CBCL), depression
(CDI-2), anxiety symptoms scores (SCARED), and psychiatric diagnoses.

Exposures of interest: neuroimaging measures at Entry and 2-Year (24-Month) Follow-Up (ROI
volume, beta weights in ROIs during MID, SST and EN-back tasks, network integrity measures
from rsFC, FA from DTI).

Effect modifier: cohort.

Covariates and potential confounders: sex, race, PDS, socioeconomic status measures, and age at
baseline.

Analysis plan: Each cognition/mental health outcome measured at the Entry visit will be
summarized using descriptive statistics by cohort, including the mean and standard deviation (or
median and quartiles, when appropriate) for continuous outcomes and proportion for categorical
outcomes. They will be compared between cohorts using a Wilcoxon rank sum test or Fisher’s
exact test as appropriate. Unadjusted associations between each cognition and mental health
outcome with each neuroimaging measure will be assessed by Spearman correlation. Associations
will then be adjusted for covariates/confounders using GEE models for each imaging type and
cognition/mental health construct pair, with an identity link for continuous outcomes and a log or
logistic link for categorical outcomes. We will analyze measurements from Entry and the 2-Year
(24-Month) Follow-Up visits in longitudinal models, including age and other covariates, at each
assessment as time-varying covariates. To assess whether the associations with covariates are
different for the YPHEU and ABCD groups, interaction terms with cohort will be added into the
models, or the regression analyses will be stratified by cohort. Structural equation modeling (SEM)
will be explored to combine various imaging measures, cognition, and mental health constructs in
one model.

Hypothesis 1c: Attenuated brain network growth will be associated with risk-taking behaviors, mediated
by mental health and cognition, after accounting for social and structural vulnerabilities and protective

factors.

Outcomes: substance use: tobacco, alcohol, marijuana, and illicit drugs (Y/N, frequency)

Exposures of interest: neuroimaging measures at Entry and 2-Year (24-Month) Follow-Up (ROI
volume, beta weights in ROIs during MID, SST and EN-back tasks, network integrity measures
from rsFC, FA from DTI).

Effect modifier: cohort.

Mediators: cognition and mental health.
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Covariates and potential confounders: sex, race, PDS, and age at baseline, vulnerabilities (family
resources), and protective factors (Prosocial Behavioral Scale).

Analysis plan: The frequency of use for each substance will be categorized and described by cohort
and compared using Chi-square tests. Associations between neuroimaging measures and each type
of substance use will be assessed using log-binomial models for binary outcomes and generalized
linear models for continuous outcomes with GEE methods as described for Hlb. For each
neuroimaging measure-substance use pair showing an association, the potential mediating effects
of cognition or mental health measures will be examined, provided there is an association between
the potential mediator (cognition/mental health measure) with both the outcome (substance use)
and exposure (neuroimaging measure). Mediation analysis [281] will be conducted both overall
(adjusting for cohort) and then stratified by cohort (YPHEU vs. ABCD) to explore the difference
in mediation effects of the two cohorts. The controlled direct effect, natural direct effect, and natural
indirect effect of the neuroimaging measure on risk behavior will be calculated. The measures of
proportion mediated by cognition or mental health will also be evaluated for each cohort.
Sensitivity analyses will be conducted to assess the extent of effect of unmeasured confounders
between cognition/mental health and substance use, such as calculation of E-value [282], and by
possible interaction between neuroimaging and cognition/mental health constructs. Marginal
structural models for controlled direct effects with time-varying exposures and mediators will also
be explored [281].

Aim 2: To assess the longitudinal impact of perinatal ARV exposure and other factors on
brain network development underlying emotional regulation in YPHEU

Study Set: YPHEU with perinatal ARV exposure.

Hypothesis 2a: Within YPHEU, attenuation of brain network growth will be related to type and timing of
perinatal ARV exposure (e.g., efavirenz and atazanavir).

Outcome: neuroimaging measures at Entry and 2-Year (24-Month) Follow-Up
a) ROI volume;

b) Beta weights in ROIs during MID, SST, and EN-back tasks;

¢) Network integrity measures from rsFC; and

d) FA from DTL

Exposures of interest: timing of initiation of perinatal ARV (at conception, trimester 1, trimester
2/3), individual ARVs, ARV classes (protease inhibitors or non-nucleoside reserve transcriptase
inhibitors), and age.

Potential confounding variables: sex, race, ethnicity, PDS at baseline, maternal education, and
maternal self-reported substance use and HIV disease severity during pregnancy.

Analysis plan: Each neuroimaging measure evaluated at the Entry visit will be summarized using
descriptive statistics, including the mean and standard deviation (or median and quartiles, when
appropriate) by timing of initiation of perinatal ARV exposure and by ARV classes, and compared
using Wilcoxon rank sum tests. GEE models similar to those described for Hla will be used. The
effect of ARV classes will be analyzed overall and stratified by timing of ARV initiation if the
sample size of each stratum allows. We will pay special attention to ARVs, such as efavirenz and
atazanavir, given findings from previous studies. However due to small percentages exposed to
specific ARV, such analyses will be exploratory.
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Hypothesis 2b: Social and structural vulnerabilities and protective factors will each impact brain network

growth.

16.4.3

Outcomes: neuroimaging measures at Entry and 2-Year (24-Month) Follow-Up:
a) ROI volume;

b) Beta weights in ROIs during MID, SST, and EN-back tasks;

¢) Network integrity measures from rsFC; and

d) FA from DTL

Exposures of interest: vulnerability and resilience — composite scores from following constructs
(Table 1):

a) Vulnerabilities: PEARLS, Life Events Checklist, and family resources; and

b) Protective factors: Prosocial Behavior Scale, Social Support, and CYRM-R.

Potential confounding variables: sex, race, ethnicity, PDS at Entry, maternal education, maternal
substance use and HIV disease severity during pregnancy, and ARV classes identified in H2a.

Analysis plan: Unadjusted associations between each neuroimaging measure and each
vulnerabilities/protective factor measure will be assessed by Spearman correlation. Associations
will then be adjusted for confounders using GEE models with an identity link for each imaging
type, with individual or multiple vulnerabilities/protective factor measures in the same model.

Aim 3: To cross-sectionally assess brain network integrity and cognitive, social, mental
health, and behavioral outcomes during the adult transition period in YAPHEU and
YAPHIV compared to one another and to a population-based cohort without known
perinatal HIV exposure

Hypothesis 3a: Compared to young adults without HIV exposure, YAPHEU and YAPHIV will show
disrupted brain networks underlying emotional regulation, with more severe disruption in YAPHIV.

Study Set: YAPHIV, YAPHEU and matching HCP-YA.

If an appropriate frequency matched sample is not achievable, we can include a sufficient sample with SMR
weights to obtain comparability.

Outcomes: neuroimaging measures

a) ROI volume;

b) Beta weights in ROIs during gambling, emotion processing and N-back working memory tasks;
c) Network integrity measures from rsFC; and

d) FA from DTL

Exposures of interest: cohort - YAPHIV vs. YAPHEU vs. HCP-YA.

Covariates and potential confounders: sex, race, ethnicity, age, and household income.

Analysis plan: Each neuroimaging measure will be summarized using descriptive statistics by
cohort, and compared among cohorts using Kruskal Wallis tests. GEE models with an identity link
will be applied to assess the association of cohort with neuroimaging measures, adjusting for
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confounding variables. The possible clustering effect of clinical site will be modelled as a random
effect. Given the exploratory nature of this aim with limited sample size, we will report results with
and without correction for FDR.

Hypothesis 3b: In YAPHEU and YAPHIV, disrupted brain networks will be related to risk-taking
behaviors and deficits in adult transition milestones (e.g., education and employment), mediated by
cognition and mental health, considering the potential impact of HIV infection, ARV exposure, social and
structural vulnerabilities and protective factors separately within YAPHEU and YAPHIV.

Study Set: YAPHEU and YAPHIV

16.5

Outcomes:

a) Risk-taking behaviors, including substance use (Yes/No, frequency) and condomless sex
(Yes/No), number of sex partners (numerical); and

b) Transition milestones, including education level (categorical), and employment (Full time/Part
time/No).

Exposure of interest: neuroimaging measures (ROI volume, beta weights in ROIs during gambling,
emotion processing and N-back working memory tasks, network integrity measures from rsFC, FA
from DTI).

Mediators: cognition and mental health.

Potential confounding variables: sex, race, ethnicity, age, cohort, vulnerability, and protective
factors for both YAPHEU and YAPHIV. Viral load, CD4 T cell count and percent, and specific
ARYV exposure for YAPHIV.

Analysis plan: Each risk behavior transition milestone will be summarized by descriptive statistics
by cohort, including the mean and standard deviation (or median and quartiles, when appropriate)
for continuous outcomes and the proportion for categorical outcomes. They will be compared
between YAPHEU and YAPHIV by a Wilcoxon test or Fisher’s exact test as appropriate.

Unadjusted associations between each cognition/mental health measure and each neuroimaging
measure or each behavior measure will be assessed by Spearman correlation, Kendall Tau
correlation or biserial correlation depending on the type of measure. A cognition/mental health
measure is identified as a potential mediator if it is associated with both a neuroimaging measure
and a behavior outcome. Associations between each behavior and neuroimaging measure will be
assessed by log-binomial or logistic regression models for categorical outcomes and generalized
linear models for continuous outcomes using GEE methods. For each behavior-neuroimaging pair
with significant association and potential mediators, mediation analysis will be performed to
evaluate the controlled direct effect, natural direct effect and natural indirect effect of the
neuroimaging measure on behavior, using an approach similar to that described for hypotheses H1b
and Hlc.

Power Calculations

Aim 1 and Aim 2

For YPHEU, power calculations considered a target sample of 190 and an assumed 80% 2-year (24-month)
follow-up retention, for a final longitudinal sample of approximately 150. Table 4 presents minimal
detectable effect sizes in time-averaged difference [283] for Aim 1 with a 1:1 or 1:3 frequency matched for
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YPHEU with ABCD youth, and for Aim 2 assuming the proportion with exposure (such as a specific ARV
class) is 50% or 30%. The sample sizes provide sufficient power to detect reasonable effect size even with
small unadjusted false positive rate (o) of 0.5% to allow for adjustment of multiple comparison. To estimate
the detectable Spearman correlation between two continuous variables such as for H1b, H2b, with a sample
size of 150, simulation results show we can detect a correlation of at least 0.32 with > 80% power and a
small a=0.5% to allow for correction of multiple comparisons.

Table 4: Minimal Detectable Effect Sizes
Difference in SD for continuous outcome, minimal detectable risk ratio for binary outcome, with 80%
power and 0.5% unadjusted false positive rate

Aim 1 Aim 2
Outcome Continuous Binary Continuous
Minimal Difference in SD Risk Ratio Difference in SD
Detectable 0.2* 0.4*
Sample Size 150:150 | 150:450 | 150:150 | 150:450 | 150:150 | 150:450 | 75:75 45:105
p=0.25 0.33 0.27 1.74 1.57 1.42 1.34 0.47 0.51
p=10.50 0.37 0.30 1.82 1.63 1.46 1.37 0.52 0.56

p: correlation between 2 assessments within participant
SD: standard deviation
*: 0.2 and 0.4 are example risks within the unexposed for the calculations

Exploratory Aim 3

For young adults, using 0=5%, a sample size of 100, 75 and 25 can detect correlations of at least 0.29, 0.34
and 0.57, respectively. If we compare 75 and 25 YAPHIV or YAPHEU with 100 HCP-YA, a mean
difference of 0.43 SD and 0.63 SD or larger can be detected, respectively. Power calculations used Power
Analysis & Sample Size (PASS) 15.0.4.

16.6  Sex as a Biological Variable and Other Common Covariates

This study will aim to recruit equal numbers of male and female participants. Studies have shown that
protective effects of maternal care against stress effects on brain development might have greater protective
benefits for females [284]. Sex differences will be explored in this study’s relatively large youth population.
Site and scanner platform will be included as a random effect in all regression models as described above.
Possible confounders or covariates are listed above by hypothesis.

16.7  Potential Problems and Alternative Strategies

Attrition: Although attrition is always a concern, experiences from SMARTT as well as our local 2-year
(24 month) study of similar age children (N=190), and our team’s experience with longitudinal studies
indicate that with good follow-up procedures, we can minimize loss to follow up (e.g., efforts to keep in
contact with participants and families in between visits, reminder notes and phone calls about upcoming
visits, birthday cards, etc.).

Data loss: Issues relating to MRI data loss will be addressed. We will discuss the potential of braces with
all participants prior to enrolling, working around orthodontic appointments. In order to minimize data loss
due to movement, we will provide simulation and motion compliance training for participants in a mock
scanner using ABCD procedures [79]. During scanning, we will provide a weighted blanket if requested.
Some participants may not complete all scans. We will schedule additional scanning sessions to complete
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missing scans if possible. In case of partial data loss (experience from ABCD indicates that the EN-back
has the lowest completion rate at 88% [79]), we will focus on data with higher completion rates (i.e.,
structural, diffusion, and rs fMRI, 99%-97% [79]) to investigate targeted brain networks.

Missing data: Every effort will be made to ensure that the amount of missing data is kept to a minimum as
missing data complicates the statistical analyses or results in biased parameter estimates. When data for
covariates are missing, missing indicator categories can be used for categorical variables. When data for
outcomes are missing, we will describe the reasons for missing outcomes and compare participant
characteristics between the group of participants with missing outcome data and those with non-missing
data. Assumptions needed to obtain valid statistical inferences in the presence of missing data will be
thoroughly investigated. If the assumption of missing at random is reasonable, multiple imputation will be
implemented [285]. If the chance of missing is dependent on baseline characteristics or exposures of
interest, factors associated with missingness will be identified and included in analyses using missing data
methods, such as inverse probability weighting [286] and applied to regression models to correct for
selection bias.

Scanner effects: A recent ABCD study on neuroimaging data demonstrates that some scanner effects exist
in rs fMRI and task-based conditions but task-based contrasts show minimal scanner effects [218]. The
authors recommend that further harmonization can be performed using combined association test (ComBat)
[287]. ComBat was first developed in genomics research [288] and has recently been applied to harmonize
multisite MRI. It is an effective harmonization technique that both removes unwanted variation associated
with site and preserves biological associations in the data. We will explore this technique for further
harmonization of the multisite neuroimaging data.

17.0  ASTRO NESTED SUBSTUDY STATISTICAL/ANALYTIC CONSIDERATIONS

17.1  Sample Size

17.1.1 ASTRO Nested Substudy Sample

The ASTRO nested substudy will enroll 50 YPHEU and approximately 100 young adults in about a 1:3
ratio of YAPHEU and YAPHIV.

17.1.2 ASTRO Nested Substudy Comparison Participants

Similar-age individuals from the general population (n = 650) from the repository of cfPWV data that had
been previously curated by Dr. Urbina will be used as comparison groups.

17.2  Statistical Analyses

17.2.1 Aim 1: To investigate the impact of in utero HIV exposure and perinatal HIV infection on
aortic stiffness in children and young adults

In Aim 1, differences in cfPWV between groups will be assessed, and relationships of cfPWV with
metabolic and inflammatory parameters within each group will be examined. Analyses of youth (YPHEU
n = 50 vs. similar-age general population n = 200) and young adults (young adults n = 100 in about a 1:3
ratio of YAPHEU to YAPHIV vs. similar-age general population n = 450) and will be performed separately.
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For comparison groups, all data in the appropriate age ranges from Dr. Urbina’s repository involving the
general population will be utilized.

To minimize differences between groups, the general population sample will be standardized to the PHIV
and PHEU groups on key covariates using probability weighting [289]. Among youth, a propensity score
for each participant will be obtained using a logistic regression model with study group (YPHEU, general
population) treated as the outcome and rounded age, sex, race, and BMI treated as predictors. All YPHEU
will be given a weight of 1, whereas the weight for each individual in the general population will be defined
as (propensity score)/(1 - propensity score). Young adults in the general population will be standardized to
the combined group of YAPHIV and YAPHEU using similar methods. A sensitivity analysis in which the
general population sample is standardized to YAPHIV and YAPHEU individually and compared to each
group in separate analyses will also be performed.

For analyses, variables that are not normally distributed and right-skewed will be log-transformed to
approximate a normal distribution. Hypothesis 1a: The distribution of sociodemographic and clinical
variables (including cfPWV) will be described across study groups using the mean (standard deviation, SD)
and frequency, as appropriate, before and after weighting. To compare cfPWV between groups, unadjusted
and adjusted linear regression models with weighting will be fit using generalized estimating equations
(GEE) to obtain the robust variance estimator. The average difference (95% confidence interval, CI) will
be reported for each pair of groups. The basic adjusted model will include age, sex, race, pubertal status (in
youth only), and potential confounders (e.g., primary caregiver education [290-292], adverse childhood
experiences [293-295], and physical activity [296-298]). Analyses stratified by sex and obesity will also be
performed to evaluate qualitatively whether differences in cfPWV between groups differ by strata,
acknowledging that these analyses will have limited power. Hypothesis 1b: Within the YAPHIV,
YAPHEU, and YPHEU groups, the relationship of cfPWV with each metabolic and immune parameter
(i.e., blood pressure, anthropometrics, serologic markers, and eicosanoids) will be plotted and categorizing
the parameter will be considered if there is a deviation from a linear relationship. Unadjusted and adjusted
linear regression models using GEE will be fitted to determine the association of each parameter with
cfPWV. For analyses involving eicosanoids, a graphical lasso approach will be employed to estimate group-
specific eicosanoid networks that are associated with cfPWV, as previously done [299]. Networks will be
plotted using the R package igraph in which eicosanoids associated with cfPWV are represented as nodes
and correlations between eicosanoids (conditional on all other analytes) are indicated by lines between
nodes [300]. As an alternate approach, elastic net regression will also be considered in predictive modeling
of all metabolic and immune parameters including eicosanoids. Lastly, to evaluate the impact of the in utero
environment on lifelong disease risk, data available in SMARTT will be leveraged to test associations of
prenatal maternal characteristics (e.g., CD4 T cell count) with cfPWV in YPHEU.

Power calculations: Assuming a mean (SD) of 4.8 m/sec (0.97) in YAPHIV from preliminary data, there
is 80% power to detect a difference of at least 0.60 m/sec of cfPWV between YAPHEU and YAPHIV (o =
0.05, two-sided) and greater power in comparisons to individuals in the general population. For correlations
within groups, there is 80% power to detect a correlation between cfPWV and each factor of interest of at
least r =0.38 within the YPHEU, r = 0.53 within YAPHEU and r = 0.32 within YAPHIV. The minimum
detectable correlation will be slightly higher when adjusted for confounders.

Expected Outcomes: In young adults, it is expected that aortic stiffness will be highest among YAPHIV,
followed by YAPHEU, followed by individuals in the general population. Furthermore, YPHEU will have
higher aortic stiffness than those in the general population. It is also hypothesized that markers of metabolic
and immune dysfunction (including eicosanoids) will directly relate to aortic stiffness within YAPHIV,
YAPHEU, and YPHEU.
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17.2.2 Aim 2: To evaluate the role of aortic stiffness in the pathogenesis of neurocognitive
dysfunction in individuals with PHIV and PHEU.

In Aim 2, relationships of aortic stiffness with neuroimaging and neurocognitive measures within YAPHIV,
YAPHEU and YPHEU will be interrogated. Each group will be analyzed separately. Descriptive summaries
will be prepared using the same approach described in Aim 1. Unadjusted and adjusted linear regression
models will be fitted using GEE to assess associations between cfPWV and each neuroimaging or
neurocognitive parameter. A basic model will adjust for age, sex, race, pubertal status (in youth only), and
potential confounders (as listed in Aim 1). Analyses will be stratified by sex, obesity, and CRP to determine
if key relationships differ by strata, acknowledging that these analyses will have limited power.

Power calculations: There is 80% power to detect a correlation of at least r =0.38 within the YPHEU, r =
0.53 within YAPHEU and r = 0.32 within YAPHIV (a = 0.05) unadjusted and a slightly higher correlation
when adjusted.

Expected Outcomes: In YAPHIV, YAPHEU, and YPHEU, higher aortic stiffness will be associated with
reduced white and gray matter integrity (e.g., lower fractional anisotropy; DTI) and gray matter volume
(MRI), as well as disrupted brain networks (e.g., reduced resting-state functional connectivity; fMRI).
cfPWYV also will inversely relate to neurocognitive outcomes (e.g., Executive Function, Episodic/Working
Memory, Fluid Cognition; NIH Toolbox).

18.0 HUMAN SUBJECTS

The TERBO BRAIN study and ASTRO nested substudy will be conducted in compliance with the protocol,
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use
(ICH) GCP guidelines, and 45 CFR §46.

18.1  Participant Confidentiality

All participants enrolled in the PHACS Network are assigned unique PHACS PID and SID (PIN) numbers
as described in Section 7.6. All participants co-enrolled in a PHACS study will use the same PHACS PID
number assigned for their first PHACS study. The PID and SID (PIN) numbers will be used for
identification purposes on all laboratory specimens, evaluation forms, and reports retained in the research
records and generated in the PHACS central database, as well as for online assessments such as the online
survey. A list linking the participant names with the PID and SID (PIN) numbers will be stored at the
clinical site under double locks, separate from all other research records. All research records will be stored
in a secured area in locked files.

All PHACS investigators and research staff persons at the clinical sites are required to sign non-disclosure
forms pledging to hold research information in confidence. All collaborators seeking PHACS data are
required to sign DUASs as described in Section 12.4.

Research staff will work with participants and/or their legal guardians to record contact information, which
may also include the names and contact information of people (friends, family, or others) who may always
know the whereabouts of participants. Establishing this list is a voluntary exercise and, if used in the event
contact is lost with a participant, only a previously agreed to level of information will be disclosed. When
contact is re-established with participants who were lost, willingness to continue study participation will be
first ascertained.
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18.2  Certificate of Confidentiality

As an NIH-funded project using identifiable, sensitive information, TERBO BRAIN is automatically
covered by a Certificate of Confidentiality issued from the DHHS. With this Certificate in place, the
TERBO BRAIN researchers cannot be forced to turn over identifying information about a study participant
in any Federal, State, or local criminal, administrative, legislative, or other proceedings. This Certificate
does not prevent a study participant from volunteering to turn over their research information nor does it
prevent investigators from providing research-related information to others when requested by the study
participant or when required by law such as in cases of suspected or actual harm to or by the study
participant.

The clinical site PI will make study documents (e.g., ICFs, CRFs) and pertinent records available for
inspection by the local IRB, the HLC IRB, the PHACS site monitors, the NIH, the OHRP, or the sponsor’s
designee for confirmation of the study data as needed.

18.3  Risks and Benefits

18.3.1 Risks Associated with Participation in the TERBO BRAIN Study

Participation in this study poses no more harms or discomforts to research participants than they may
experience in normal daily life or during routine medical tests. Possible risks resulting from this study
include the following:

e The evaluations that are involved in this study require answering questions about mental health,
stressful or traumatic events, risk behaviors, and ART adherence. Some of the questions may make
participants feel distressed or uncomfortable, and they may decline to respond. Some participants
may require triage emergency referrals and treatment for significant suicidal intent and/or
behaviors. As the members of the research team have specific and extensive training in dealing
with risks of this kind, no additional difficulties are expected beyond those experienced in a typical
clinical practice. The PHACS Emergency Protocol provide specific guidance to site staff to address
atypical and/or worrisome emotional responses that may occur during a study visit. The online
survey tool is designed to reduce the discomfort that some participants may experience in self-
reporting some behaviors such as substance use and increase the likelihood of accurate responses.

e The information that participants provide through surveys will not be shared with medical providers
without their permission, unless there is serious risk of self-harm or harm to others as specified in
the consent and local IRB requirement, in which case, information including ART adherence and
mental health information may need to be shared even without the participant’s permission.

e Despite the multiple measures taken to protect participant confidentiality, web-based
communications may be at risk for hacking, intrusions, and other violations.

e Another potential risk is the inadvertent disclosure of a participant’s HIV status to someone who
does not yet know about the infection. Additionally, there is the potential risk of inadvertent
disclosure of maternal HIV status to YPHEU and YAPHEU who are unaware of their mother’ HIV
status and their own in utero exposure to HIV. Research staff members are required to complete
human subjects research training and will be trained on protecting participant/caregiver
confidentiality in the TERBO BRAIN study. Personal medical information will not be shared
between the participant and caregiver, unless necessary. Research staff members will provide
guidance to caregivers of YPHEU on how to maintain confidentiality of their HIV status, as needed.
Research staff members will also provide guidance to those who are YAPHIV to help them
maintain their confidentiality, including while completing the online survey.
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Potential risks from the neuroimaging (MRI) scanning include the following:

e Participants may experience discomfort or anxiety from being in the confined and noisy
environment of the MRI scanner. Participants will be able to talk with the experimenters throughout
the study and will be able to inform the experimenters immediately if they want to stop the study
and exit the scanner.

e This study has the potential to cause peripheral nerve stimulation (PNS) while participants are in
the scanner, which would cause a slight discomfort, but the potential for inducing PNS is low. PNS
is not dangerous and does not occur with proper operation of the equipment. In addition, it resolves
at the conclusion of the scan. The fMRI laboratory includes trained technicians who are aware of
this potential risk and take appropriate precautions in following rules and regulations.

e There is a risk that the MRI may reveal something that is already in the participant’s brain, such as
a tumor. Such a finding might require additional studies and the participant would be referred for
further studies. However, the types of scans performed are not very sensitive to many neurological
abnormalities. Therefore, it is also possible that any abnormality that the participants currently have
will not be revealed by the images obtained for this experiment. If scanning procedures do reveal
an abnormality to casual observation of the technician or one of the investigators involved in the
project, the clinical site PI will be notified. The clinical site PI will share the information with the
participant and their caregiver as appropriate and clinical referrals will be initiated, if needed.

e There are no other known side effects of neuroimaging to participants without contraindications.
However, as with any research study, there may be additional risks that are unknown or unexpected.

Risks associated with scanning will be minimized in the following manner: 1) Participants will be screened
for contraindications to MRI, including claustrophobia, possible intra-oral, intra-ocular, intracranial, intra-
thorax, or intra-abdominal metal or cardiac pace makers; 2) During the scanning procedures, participants
will be continually monitored visually and auditorily for any potential problems, and participants will be
assured that they can be removed from the scanner at any time if problems should arise or they are
experiencing discomfort; 3) Emergency medical equipment and pharmaceuticals are present at all of the
MR facilities to be used in this study; and 4) Earphones or earplugs will be used to dampen the sound of
the MRI procedure.

18.3.2 Benefits Associated with Participation in the TERBO BRAIN Study

While there is no guarantee of direct benefits to the individuals who participate in this study, benefiting
from participating is possible. If the participant or their legal guardian chooses, the information obtained in
this study can be made available to their health care providers and it may inform their primary health care.
Participants will be contributing to scientific understanding.

18.3.3 TERBO BRAIN Sexual Risk Behaviors and Substance Use

Information on substance use for YPHEU and sexual risk behavior and substance use for YAPHEU and
YAPHIV reported in the confidential online survey will not be disclosed to the site research staff, the
clinicians responsible for their health care, or the caregiver or parent of YPHEU. If a participant is unable
to complete the online survey independently due to technical challenges, a research staff member may assist
with the process as needed. Participants with cognitive impairment who cannot complete the online survey
independently will not complete substance use and sexual behavioral questions. Site research staff will
maintain participant confidentiality, unless mandated reporting is required by law.
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18.3.4 Risks Associated with Participation in the ASTRO Nested Substudy

The measurements that are involved in ASTRO nested substudy require: cfPWYV, venipuncture,
anthropometric evaluation, and a fasting period (not to exceed 8 hours) for laboratory studies. Possible risks
resulting from the study include:

o  Measurement of aortic stiffness with SphygmoCor may cause mild discomfort or anxiety as it is an
unfamiliar procedure. The procedure will be explained to put the participant at ease.

e Venipuncture to collect blood specimens may cause local discomfort, bleeding, or bruising; rarely
a small clot or infection can occur at the blood draw site.

o There are no risks associated with vital signs or anthropometric evaluation.

e Fasting periods is required for 8 hours prior to blood draw and should present little risk. Some
participants may feel hunger, irritability, and lightheadedness as a result of fasting.

18.3.5 Benefits Associated with Participation in the ASTRO Nested Substudy

While there is no guarantee of direct benefits to the individuals who participate in the ASTRO nested
substudy, benefiting from participating is possible. Participants may learn health information and contribute
to scientific understanding.

18.4 Institutional Review Board Review and Informed Consent

All participating sites will rely on the HLC IRB as their sIRB of record.

Prior to initiation of study implementation, participating site IRBs will sign Reliance Agreements detailing
the roles and responsibilities of the HLC IRB in relation to participating sites. The HLC IRB and the
PHACS Regulatory and Compliance Manager will retain copies of all Reliance Agreements and
communications and facilitate the process of obtaining HLC IRB approval for this protocol, ICFs and assent
forms, and any other participant-facing documents (e.g., fact sheets, recruitment materials, assessment
surveys/interviews, etc.). All site-specific study materials (e.g., informed consent addendums, recruitment
materials, etc.) will also require review and approval by the HLC IRB prior to study initiation. The HLC
IRB Reliance Agreement Specialist and the PHACS Regulatory and Compliance Manager will maintain
consistent and regular communications to ensure that participating sites are in compliance with the
requirements of the HLC IRB.

This protocol, the informed consent documents, and any subsequent modifications will be reviewed and
approved by the HLC IRB. The ICFs will describe the purpose of this study, the procedures to be followed,
and the risks and benefits of participation. In accordance with 45 CFR §46.116, a legal informed consent
will be obtained from the participant or their legal guardian, or person with power of attorney for
participants who cannot consent for themselves. The participant’s assent must also be obtained if they are
able to understand the nature, significance, and risks of the study.

18.5  Participation of Individuals who are Incarcerated

The PHACS and NIH have concluded that this protocol does NOT meet Federal requirements governing
participation of individuals who are incarcerated in human subjects research and should not be considered
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by HLC IRB for the recruitment of individuals who are incarcerated. Participants who become incarcerated
after enrollment may not be seen for research evaluations as long as they are incarcerated.

18.6

45 CFR §160 and 164 Standards for Privacy of Individually Identifiable Health Information
(""Privacy Rule" pursuant to HIPAA)

Each site is responsible for adherence to their individual institution’s HIPAA policies and procedures.

18.6.1 Database

Specific protected health information will be needed to create the TERBO BRAIN study databases.
Institutional Privacy Boards (or IRBs serving as such) are requested to add the following persons to the
disclosure element of the HIPAA authorization form (45 CFR §164.514):

18.7

PHACS DMC and PHACS Westat site monitors;

PHACS investigators and their collaborators;

Participant’s primary care provider, if so desired by the participant;
The NIH; and

Technical support staff at the institutions hosting the online assessments for the sole purpose of
providing technical assistance.

Study Discontinuation

The study may be discontinued at any time by the NIH.

19.0

PUBLICATION OF RESEARCH FINDINGS

Publication of the results of this study will be governed by PHACS policies as outlined in the PHACS
Publication Policy (available on the PHACS website).

Participant summaries of findings will be developed, approved by the HLC IRB, and provided directly to
the clinical sites to distribute to participants.
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APPENDIX I: SCHEDULE OF EVALUATIONS FOR THE YOUTH PHEU COHORT

Participants in the Youth Longitudinal Cohort will complete all of the assessments in the table below at Entry and again at the 2-Year (24-Month)
Follow-Up. It is recommended that each study visit be completed in two separate sessions occurring on two separate days. The cognitive/behavioral
session includes cognitive, mental health, and behavioral health assessments, questionnaires for demographic and clinical (e.g., pubertal status;
medications) information. The neuroimaging session includes training, practice, and MRI scanning. The cognitive/behavioral session should be
conducted first except where needed to accommodate scheduling constraints. The two sessions should be approximately 3 weeks apart. Chart
abstraction must be completed on or within 3 months after completion of the first session of the study visit. The target date for the 2-Year (24-
Month) Follow-Up visit should be the 2-year anniversary of the Entry visit date (+/- approximately 3 months).

In the time between the two study visits, the site research staff will contact the participant once every six months to check-in on how they are doing
and update the family’s contact information, if necessary. For telephone contact, each phone call will take about 5 minutes.

In addition to self-report, the caregiver will complete assessments regarding the emotional/behavioral well-being of the participant and report
information on behalf of the participant.

Task/Assessment Year 2
(Month 24
Entry +/- Comments
approximately
3 months)
Identify and pre-screen for eligibility, obtain X
informed consent/assent, confirm eligibility, and

enroll

Cognition and Mental and Behavioral Assessments

Computerized Tests (Administer using iPad)
—Delay Discounting Task X X
—Emotion-Word/Emotion-Face Stroop X X

NIH Toolbox! (Administer using iPad)
—Flanker Inhibitory Control and Attention
—List Sorting
—Dimensional Change Card Sort
—Pattern Comparison
—Picture Sequence
—Picture Vocabulary
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—Oral Reading Recognition
—Rey-Auditory Verbal Learning Test
—Social Support

Examiner-Administered

—Cash Choice Task

X

X

Paper-and-Pencil Questionnaires (Administered as an interview with examiner for youth self-report; self-administered for caregiver-report)

_BRIEF-2! X X Caregiver-report; include self-report for youth aged 11 years and
older only
_ASEBA CBCL! X X Caregiver-report; include self-report for youth aged 11 years and
older only
—CDI-2 X X Self- and caregiver-report
—-SCARED X X Self- and caregiver-report
_PEARLS X X Srelllr;giver—report; include self-report for youth aged 12 and older
—Life Events Checklist X X Self-report only
—Demographics Questionnaire X X Caregiver-report only
—CYRM-R! X X Self-report only
—Prosocial Behavior Survey Questions X X Self-report only
—ERQ-CA X X Self-report only
—DERS-P X X Caregiver-report only
—PDS X X Caregiver-report
Online Survey
—Substance Use X X Self-report
—-PDS X X Self-report
Neuroimaging Session
-T1
—Task fMRI (MID, SST, and EN-back)
—-DTI
—Resting-state fMRI X X
-T2
—Resting-state fMRI
Chart Abstraction
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—Current medications since last SMARTT visit

—Neurologic and psychiatric diagnoses since last X X
SMARTT visit
Existing SMARTT Data to be Utilized
—Demographics, including family resources data
—Medical and medications history Data to be obtained for analysis from the DMC at Frontier
—Caregiver CDQ X X Science. No chart abstraction/data entry required at the clinical

—Birth history, including perinatal ARV
exposures

sites.

Do not complete if completed as part of SMARTT within the 3 months prior to the TERBO BRAIN study visit.
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APPENDIX II: SCHEDULE OF EVALUATIONS FOR THE YOUNG ADULT PHEU AND PHIV COHORT

Participants in the Young Adult Cross-Sectional Cohort will complete all of the assessments in the table below at Entry. It is recommended that the
study visit be completed in two separate sessions occurring on two separate days. The cognitive/behavioral session includes cognitive, mental
health, and behavioral health assessments, questionnaires for demographic and clinical (e.g., medications) information. The neuroimaging session
includes training, practice, and MRI scanning. The two sessions should be approximately 3 weeks apart. Chart abstraction must be completed on or
within 3 months after completion of the first session of the study visit.

Task/Assessment Entry Comments

Identify and pre-screen for eligibility, obtain informed X

consent/assent, confirm eligibility, and enroll

Cognition and Mental and Behavioral Assessments
Computerized Tests (Administer using laptop)
—Delay Discounting
—Penn Emotion Recognition
NIH Toolbox! (Administer using iPad)
—Flanker Inhibitory Control and Attention
—List Sorting
—Dimensional Change Card Sort
—Pattern Comparison
—Picture Sequence
—Picture Vocabulary
—Oral Reading Recognition X
—Rey-Auditory Verbal Learning Test
—Social Support (Instrumental and Emotional Support
included within the Social Relationships subdomain)

—Emotional Well-being (Negative Affect,
Psychological Well-being, Social Relationships, and
Stress and Self-Efficacy)

Paper and Pencil (Self-administered; can be interviewer-administered if participant requires assistance)
—BRIEF-A
—ASEBA ASR
—PHQ-9
—ERQ

X
X

eltalialle
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—7-day alcohol and tobacco use

<

Online Survey?

—GAD-7

— Adult Transition Milestones

—Pittsburgh Sleep Quality Inventory

—Substance Use

—Sexual Risk Behaviors

—ACEs-Revised Questionnaire

—Stressful Life Events

—Brief Resilience Scale (BRS)

—Household and Financial Resources

it el sl sl itallel

Clinical Evaluations

—HIV viral load

X

For YAPHIV with no result from within the 3 months prior

—CD4 T cell count and percent

X

For YAPHIV with no result from within the 3 months prior

Neuroimaging Session

-TI

—Task fMRI (GAM, EP, and NB-WM)
-DTI

—Resting-state fMRI

-T2

Chart Abstraction

—Current medications, including ARVs for YAPHIV,
since last AMP Up visit

—Neurologic and psychiatric diagnoses since last
AMP Up visit

—For YAPHIV HIV only: HIV viral load, CD4 T cell
count and percent, and any changes in CDC class
since last AMP Up visit

Existing AMP Up Data to be Utilized

—Demographics, including household and financial
resources data

—Medical and medications history

—Participant CDQ

X

Data to be obtained for analysis from the DMC at Frontier Science. No

chart abstraction/data entry required at the clinical sites.

Page 107 of 113



PHACS PH600
Version 1.5
November 14, 2023

—Birth history, including perinatal ARV exposures

—For YAPHIV only: HIV disease history, including
HIV viral load, CD4 T cell count and percent, and
changes in CDC class, and historical and current

ARV exposures
Do not complete the Cognitive battery if it was completed as part of AMP Up within the 3 months prior to the TERBO BRAIN study visit. Complete the designated

surveys from the Emotion domain regardless of whether they were completed as part of AMP Up within the 3 months prior to the TERBO BRAIN study visit.
2If the online survey cannot be completed in clinic, it may be completed at home or another location outside of the clinic. The research staff will ensure that the

participant is able to complete the survey independently and completes it within 2 weeks after the study visit.
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APPENDIX III: ASTRO NESTED SUBSTUDY SCHEDULE OF EVALUATIONS

Participants in the Youth and Young Adult Cohorts will complete all assessments outlined in the table below at Entry. It is recommended that the
study visit be completed on the same day as the cognitive/behavioral session of TERBO BRAIN. Participants should be fasting for 8 hours (except
water and medications) prior to blood draw. Accordingly, when ASTRO and TERBO visits are performed on the same day, it is recommended that
ASTRO procedures be performed first (while fasting) with a meal provided prior to the start of TERBO procedures. All ASTRO procedures should
preferably be completed within 6 months following the final session of the TERBO BRAIN Entry visit.

Task/Assessment Entry Comments

Identify and pre-screen for eligibility, obtain X

informed consent/assent, confirm eligibility

Study Procedures

Carotid-femoral pulse wave velocity (cfPWV) | X | Using SphygmoCor device
Vital signs and anthropometrics

—Blood pressure X

—Weight X

—Height X

—Mid-waist circumference X

—Hip circumference X
Laboratories Fasting for 8 hours except water and meds
—Plasma! X

—Serum! X

—Repository specimens? X To be stored in the PHACS Repository for

yet-to-be-determined future studies
Interviewer-administered questionnaires Participant or caregiver may respond
—Caregiver education X For young adult participants only
—IPAQ short-form X
Existing Data from Dr. Urbina
— cfPWYV data from general population X
controls
Existing SMARTT Data to be Utilized
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—For YPHEU only: Prenatal maternal X
characteristics (e.g., CD4 T cell count)

Existing AMP Up Data to be Utilized
—For YAPHIV only: HIV disease history, X
including HIV viral load and CD4 T cell
count

Existing TERBO BRAIN Data to be Utilized

—Neuroimaging data

—Neurocognitive testing data

—Survey data

—For YAPHIV only: CD4 T cell count and

HIV viral load, if obtained

—Data abstracted from AMP and AMP Up X
'Approximately 16 mL of fasting blood will be drawn. Plasma for glucose, sCD163, sCD14, and eicosanoids. Serum for insulin and lipids. See
ASTRO Substudy LPC for specimen processing details.
2Approximately 14 mL of fasting blood will be drawn, processed per the ASTRO Substudy LPC and stored in the PHACS Repository for yet to-be-
determined future studies.

ikt lte
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APPENDIX IV: TERBO BRAIN/ASTRO PROTOCOL PARTICIPATING SITES

Participating sites will be selected based on the following criteria:

e Affiliated with a neuroimaging center that utilizes the study-required scanner platforms and has
task fMRI capabilities and experience;

e Ability to contribute to accrual based on their SMARTT and/or AMP Up enrollment numbers; and

e Has available staff member who can be trained to administer study assessment measures, including
task fMRI and the NIH Toolbox.
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