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B. OVERALL ACCOMPLISHMENTS

B.1 WHAT ARE THE MAJOR GOALS OF THE PROJECT?

The World Trade Center Health Registry (WTCHR) — the largest pool of people from which to learn vital lessons of the
sequelae of 9/11 — has identified many consequences of WTC-exposure on psychiatric outcomes, especially post-traumatic
stress disorder (PTSD). Efforts to minimize dropout and to ensure continued follow-up of exposed adults/children are crucial to
examining distal ramifications of WTC-exposure, trajectories of PTSD/other negative outcomes, and the onset of
psychopathology with long latency. Despite many important contributions, significant gaps remain in WTCHR studies. In-
person, direct assessments, such as those carried out in this study, are critical to obtaining in-depth information and for
maintaining the integrity of this longitudinal cohort.

- PROSPECTIVE STUDY OF FAMILIES: DIRECT/INDIRECT WTC-EXPOSURE OF PARENTS/CHILDREN. To date, the strong
evidence for untoward consequences from 9/11 exposure, primarily in adults, has not been systematically assessed. The role
of familial/parental factors in modulating youth'’s reactions to terrorism, supported by the literature and by our findings, led
the Global Psychiatric Epidemiology Group (GPEG) to obtain a NICHD-funded grant (RO1HD046786: PI: Hoven) to understand
the impact over time of parental WTC-exposure on their children’s psychopathology (Wave 1-2 WTC Family Study) of 855
families (parents + one child) of First Responders, WTC and Residential evacuees (plus non-WTCHR unexposed Control
families) recruited between 2007-2012 from the WTCHR. This is a representative sample of WTC-exposed families in the NYC
Metropolitan Area, and is the only study that is following WTC-exposed families over time. Capitalizing on the strengths of that
innovative family design and its findings, and on other GPEG's epidemiological, behavioral, and genetic findings, this NIOSH
study is following up for a 3rd wave of data collection (Wave 3 WTC Family Study), the same families (N=700 youth) and
(1200 parents) who participated in the Wave 1-2 WTC Family Study:

OVERALL OBJECTIVE: to understand post-9/11 long-term psychiatric and emotional health outcomes through an examination
of associated Research Domain Criteria (RDoC) dimensions and underlying interactions among genome-wide genetic variation
and direct/indirect WTC exposure/s.

- RELATIONSHIP BETWEEN WTC-EXPOSURE AND A BROAD SPECTRUM OF PSYCHIATRIC DISORDERS AND INDICATORS OF
EMOTIONAL HEALTH: Most WTCHR psychiatric analyses have focused on adult PTSD. There is a need to investigate the links
between WTC-exposures and other psychiatric disorders: the Wave 3 WTC Family Study is the only study — among WTCHR
enrollees and their families — that has an immediate potential to examine the long-term effects of WTC-exposure on a broad
array of psychiatric disorders, and associated outcomes related to emotional health (as indicators of psychological resilience
and quality of life):

AIM 1. To Calculate Trajectories of Psychopathology Across Three Waves, Identify their Associated WTC-Exposure/s, and
Examine the Relationship Among WTC-Exposure/s, Trajectories of Psychopathology and Emotional Health.

- BEYOND DSM NOSOLOGY: RDOC DIMENSIONS: The underlying validity of DSM disease entities has been questioned, noting
that DSM categories do not map well onto emerging findings from genetics, systems neuroscience and behavioral science. As
a result, it becomes very difficult to harness the power of new technologies to identify specific etiological process resulting
from gene-environment (GxE) interactions, and to translate research findings to individualized treatments or personalized
medicine. Fortunately, in an effort to develop an integrative, multi-system precision medicine approach to mental disorders,
the NIMH initiated RDoC, a new research classification system based on key dimensional constructs underlying mental
function. For the first time, the Wave 3 WTC Family Study will examine DSM disorders, and the effects of direct/indirect WTC-
exposure, taking RDoC dimensions of functioning into account: (i) negative valence, (ii) positive valence, (iii) cognitive
systems, and (iv) social cognition. This integrative, multi-system examination has the potential to advance translational
research in WTC-exposed populations, so that individualized treatments directed at etiologic mechanisms might soon be
available to trauma-exposed people:

AIM 2. To Examine how Psychopathology at Wave 3 Maps onto Four Key RDoC Domains of Functioning, and Test Whether
RDoC Domains Modulate the Relationship Among Type/Severity of WTC-Exposure/s and Psychopathology.
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- HIGH-THROUGHPUT APPROACH TO (GXE) INTERACTIONS: High-throughput technologies have led to a more
comprehensive view of GXE interactions underlying observable behaviors. Few studies have examined GxE interactions
underlying RDoC domains, and those that exist are almost all on candidate gene studies. GXE interactions in WTCHR enrollees
have not been examined. The Wave 3 WTC Family Study would be the first study examining — with genome-wide coverage -
GXE interactions underlying RDoC domains and psychiatric outcomes in WTCHR enrollees and their families:

AIM 3. To Identify SNPs, Polygenic Risk, and GXE Interactions Underlying the 4 RDoC Domains and Psychopathology.

B.1.a Have the major goals changed since the initial competing award or previous report?

No

B.2 WHAT WAS ACCOMPLISHED UNDER THESE GOALS?

File Uploaded : Hoven_5U010H011327_FRw3_final report_2022_FIN.pdf

B.3 COMPETITIVE REVISIONS/ADMINISTRATIVE SUPPLEMENTS

For this reporting period, is there one or more Revision/Supplement associated with this award for which reporting is
required?

No

B.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED?

NOTHING TO REPORT

B.5 HOW HAVE THE RESULTS BEEN DISSEMINATED TO COMMUNITIES OF INTEREST?

NOTHING TO REPORT

B.6 WHAT DO YOU PLAN TO DO DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS?

Not Applicable
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RDoC Domains Underlying Emotional Health and Trajectories of
Psychopathology in Families of WTC First Responders and Evacuees:
A Genome-Wide GXE Study

TABLE OF CONTENTS

ADSTITACT . 3
Significant (KeY) FINAINGS.......cooiiiiiiiiiee e e e e e e e e e e e e e aaaaas 4
Translation Of FINAINGS .....coovviiiii e e e e e e e e e e e e 4
(@ 1] (oo 0= 1ST A1 ] o > ox S 5
Yo 1= )11 To =T 0T o A 6
I = = od (| 0] 1 Vo PP 6
1.1. Prospective Study of Families: Direct/Indirect WTC-Exposure in Parents
= o IO 1 o | = o P 6
1.2. Relationship Between WTC-Exposure and a Broad Spectrum of
Psychiatric Disorders and Indicators of Emotional Health ................cccoovvnnninn. 6
1.3. Beyond DSM Nosology: RDOC DIMENSIONS .......ceeviieeiiiiiiiiiiiiiee e 6
1.4. High-Throughput Approach to (GXE) Interactions.........ccccccceevvieeeiiiiiiiinnnnnn. 7
pZ ] 1= o | o= 1 3 PSP 7
G T |V (=11 0 To To (o] (o o Y20 7
TN S - 1101 01 =TSP 7
I (=T o U111 1= o | PP 8
.3 MBASUIES ...ttt e et e e et e e e e e e n e e e e e aeee 8
A, RESUILS. ..o i 12
4.1. 9/11 Exposure and Psychiatric DiSOrders.......ccccccoeeeeiiiieeeeeeeiiicie e 12
4.2.9/11 Exposure, Psychiatric Disorders and Emotional Health.................... 14
4.3. RDoC Domains of Functioning, Type/Severity of WTC-exposure/s and
PSYchopathology ..o 15
4.4, COVID-19 PANUEMIC ....cciieeiiiiiiiiie e e e e et s e e e e e e e eeaneann e e e e e e eeennnes 16
LS I 1S o1 1 1S Lo o 17
5.1. 9/11 Exposure and PsychiatriC DISOrders......ccccccvvveiiiiiiiiiiiiiiiiiiiiiiieeeeeeeee 17
5.2. 9/11 Exposure, Psychiatric Disorders and Emotional Health.................... 19
5.3. RDoC Domains of Functioning, Type/Severity of WTC-exposure/s and
PSYChOPAtNOIOQY ..o 19
(@ 0] o o3 [0 ] (o] o RSP PPUT 20
U o] [To%= 14 To] o F- PP RUPPPPRPPR 22
RETEIEINCES ... ettt e e e e e e e e et e e e e e e eeeanes 25
2

Final RPPR Page 4



Final RPPR

B.2 (Hoven_5U010H011327_FRw3_final report_2022_FIN.pdf)

RDoC Domains Underlying Emotional Health and Trajectories of
Psychopathology in Families of WTC First Responders and Evacuees:
A Genome-Wide GxE Study

Pl: Christina W. Hoven, DrPH, MPH
MPI: Franco Lupo Geronazo-Alman, PhD

646-774-6068

Christina.Hoven@nyspi.columbia.edu

Abstract

The role of familial/parental factors in modulating youths’ reactions to terrorism is
supported by the scientific literature, including our findings from youth assessed six
months after the World Trade Center (WTC) attacks of 9/11 (N = 8,236). Those findings
led to a NICHD-funded grant (Wave 1-2 WTC Family Study) to understand the impact,
over time, of parental direct WTC-exposure on their children’s psychopathology. For that
study, N = 855 families (parents + one child) of WTC First Responders, WTC Evacuees
and local Residents were recruited from the WTC Health Registry (WTCHR), as well as
9/11 unexposed Control families.

Since initiation of the Wave 1-2 WTC Family Study, NIMH developed the Research
Domain Criteria (RDoC) project, a new way to classify mental disorders based on
validated behavioral functions. RDoC domains have quickly illuminated the
conceptualization of psychopathology by providing a more comprehensive framework of
functions/deficits across a spectrum of disorders and the health-iliness dimension.
Additionally, the explosion of high-throughput technologies has led to a more
comprehensive view of the genetic architecture of observable behaviors and of gene-
environment interactions (GxE), which may be critical in the development of
individualized treatment plans for 9/11 exposed individuals.

To date, there has been no other 9/11 investigation that encompasses families of
First Responder, WTC and Residential Evacuee families, the most adversely impacted
WTC population. Based on findings from the Wave 1-2 WTC Family Study, as well as
other epidemiological, behavioral and genetic findings by GPEG regarding these
individuals, we assessed these same families for a 3" wave, to examine how four key
RDoC domains of functioning (negative valence; positive valence; cognitive systems;
social cognition) are associated upward with (i) long-term psychiatric outcomes (DSM
disorders), (i) emotional health (psychological resilience), and (iii) trajectories of
psychopathology, and downward, with interactions between genetic variation and
direct/indirect WTC exposures.
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Significant (Key) Findings

Exposure to 9/11 and psychiatric disorders. Mothers directly exposed to 9/11
had higher odds of lifetime substance use disorder (SUD) and past year internalizing
psychopathology. Fathers who were directly exposed to 9/11 tended to have higher odds
of lifetime Alcohol Use Disorders (AUD).

When analyses were stratified by exposure groups (1-9/11 Evacuee; 2: 9/11 First
Responder; 3: 9/11 Residential Evac & Minimally Exposed FR; 4: Non-exposed), mothers
who were 9/11 evacuees had higher rates of past year internalizing psychopathology
compared to mothers who were minimally exposed or not exposed (Control) on 9/11.
Mothers in the 9/11 evacuee and residential evacuee/minimally exposed groups tended
to have higher rates of past year agoraphobia compared to mothers in the First
Responder and non-exposed groups. 9/11-related PTSD tended instead to be higher
among mothers in the First Responders group, comparted to the other groups. Compared
to fathers who were not exposed to 9/11, lifetime AUD was higher in all exposed groups.
PTSD related to 9/11 was highest among evacuees, followed by the First Responders .
Children of 9/11 evacuees tended to have higher rates of PTSD compared to other
exposure groups.

Exposure to 9/11, psychiatric disorders and emotional health. Among
mothers, fathers and youth, internalizing and externalizing psychopathology were
associated with decreased general life satisfaction. Among mothers, externalizing
psychopathology was associated with decreased general life satisfaction. Among youth,
internalizing psychopathology was associated with decreased self-efficacy. Mothers
directly exposed to 9/11 and youth indirectly exposed to 9/11 had increased self-efficacy;
youth indirectly exposed to 9/11 also had increased general life satisfaction. Youth
indirectly exposed to 9/11 had decreased emotional support. Among non-exposed youth,
internalizing psychopathology was associated with decreased emotional support and
friendship. Externalizing psychopathology was associated with increased self-efficacy
among non-exposed youth; among indirectly exposed youth, externalizing
psychopathology was instead associated with decreased self-efficacy.

Exposure to 9/11, psychiatric disorders and RDoC dimensions. Mothers,
fathers and youth with higher impulsivity and higher trait anxiety showed increased odds
of lifetime and past 12 month internalizing psychopathology. Mothers, fathers, and youth
with higher negative valence had higher rates of lifetime externalizing psychopathology.
Among fathers and youths, lifetime externalizing psychopathology was also associated
with higher impulsivity. There was no evidence for modification of 9/11 exposure and
psychopathology associations by measures of RDoC domains.

Translation of Findings

The results show that more than 15 years after 9/11, adults who were directly
exposed to the attacks still show higher rates of both internalizing and externalizing
psychiatric disorders. Interventions to prevent negative outcomes in women exposed to
terrorism should focus on the prevention of substance use disorder and internalizing
psychopathology, in particular generalized anxiety disorder and agoraphobia.
Interventions to prevent negative outcomes in men exposed to terrorism should instead
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focus on the prevention of alcohol use disorder and PTSD. Parental exposure to 9/11
does not seem to have significant long-term negative effects on indirectly exposed youth.

In general, in parents and youth, psychiatric disorders were associated with
different negative outcomes related to decreased emotional health (as indicators of
psychological resilience and quality of life). Additional analyses will determine whether
these markers of decreased emotional health are causal risk factors of psychiatric
outcomes or consequences of psychiatric outcomes. Answering this causal inferential
guestion has direct relevance for translational research, since intervening on a non-causal
factor cannot change the likelihood of an outcome. In indirectly exposed youth, despite
evidence of decreased emotional support, increased self-efficacy and general life
satisfaction might act as protective factors and, in part, explain the lack of association
between parental exposure to 9/11 and psychopathology.

In an effort to develop an integrative, multi-system precision medicine approach to
mental disorders the NIMH initiated RDoC, a new research classification system based
on key dimensional constructs underlying mental function. In parents and youth, higher
trait anxiety and higher negative valence might be specific markers of internalizing and
externalizing psychopathology, respectively. In fathers and youth, higher impulsivity may
be a transdiagnostic etiologic mechanism underlying both internalizing and externalizing
psychopathology. As mentioned above, additional analyses will determine whether higher
trait anxiety, negative valence, and impulsivity are mechanisms of psychiatric disorders,
and therefore potential targets for interventions, or are instead correlates of
psychopathology with no causal role.

Outcomes/Impact

While psychiatric disorders (DSM) are known to be linked to traumatic exposure/s,
families play a key role in modulating youth’s reaction to terrorism and who may
experience greater emotional impact from having a family member exposed than from
being directly exposed themselves. Because DSM disorders do not map well onto
emerging findings from genetics, systems neuroscience and behavioral science the NIMH
initiated the Research Domain Criteria-(RDoC) project, as a new classification system
with gene x environment (GxE) interactions with a major role in understanding etiological
processes. The RDoC factors have never before been simultaneously taken into account
with 9/11-related populations, which has the potential to move forward the field of
translational research in WTC-exposed populations, especially within families, so that
individualized treatments directed at etiologic mechanisms might soon be available to
9/11 and other trauma-exposed individuals.

Unfortunately, the COVID-19 Pandemic drastically impacted our ability to conduct
the required in-home assessments. Eventually, a limited phone-based assessment was
initiated resulting in a total lack of physical assessment. Consequently, the important
contribution of this investigation was seriously and negatively impacted. It is hoped that
future funding will provide for the continuation of this work which has already
demonstrated its importance to understanding 9/11 exposure.
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Scientific Report

1. Background

The World Trade Center (WTC) Health Registry (WTCHR) — the largest pool of
people from which to learn vital lessons of the sequelae of 9/11 — has identified many
consequences of WTC-exposure on psychiatric outcomes, especially post-traumatic
stress disorder (PTSD).11" Efforts to minimize dropout and to ensure continued follow-up
of exposed adults/children are crucial to examining distal ramifications of WTC-exposure,
trajectories of PTSD/other negative outcomes, and the onset of psychopathology with
long latency.!® Despite many important contributions, significant gaps remain in WTCHR
studies.

1.1. Prospective Study of Families: Direct/Indirect WTC-Exposure in Parents and
Children

To date, the strong evidence for untoward consequences from 9/11 exposure,
primarily in adults, has not been systematically assessed in families and youth. The role
of familial/parental factors in modulating youth’s reactions to terrorism, supported by the
literature and by our findings, led the Global Psychiatric Epidemiology Group (GPEG) to
obtain a NICHD-funded grant (5R01HD046786: PI: Hoven) to understand the impact over
time of parental WTC-exposure on their children’s psychopathology (Wave 1-2 WTC
Family Study).'® 855 families (parents + one child) of First Responders, WTC and
Residential evacuees (plus non-WTCHR unexposed Control families) were recruited
between 2007-2012 from the WTCHR. This is the only representative sample of WTC-
exposed families in the NYC Metropolitan Area,'® and is the only study that is following
WTC-exposed families over time. Capitalizing on the strengths of that innovative family
design and its findings, and on other GPEG’s epidemiological, behavioral, and genetic
findings, the current NOISH study conducted the 3™ wave of data collection (Wave 3 WTC
Family Study) with the same families who participated in the Wave 1-2 WTC Family Study.

1.2. Relationship Between WTC-Exposure and a Broad Spectrum of Psychiatric
Disorders and Indicators of Emotional Health

Most WTCHR psychiatric analyses have focused on adult PTSD.*'” There is a
need to investigate the links between WTC-exposures and other psychiatric disorders:
the Wave 3 WTC Family Study is the only study — among WTCHR enrollees and their
families — that allows the examination of the long-term effects of WTC-exposure on a
broad array of psychiatric disorders (not only symptoms), and associated outcomes
related to emotional health (as indicators of psychological resilience and quality of life).

1.3. Beyond DSM Nosology: RDoC Dimensions

The underlying validity of DSM disease entities has been questioned, noting that
DSM categories do not map well onto emerging findings from genetics, systems
neuroscience and behavioral science.?%??2 Consequently, it is very difficult to harness the
power of new technologies to identify specific etiological process resulting from gene-
environment (GxE) interactions, and to translate such research findings to individualized
treatments or personalized medicine. Fortunately, in an effort to develop an integrative,
multi-system precision medicine approach to mental disorders,?? 22 the NIMH initiated
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RDoC, a new research classification system based on key dimensional constructs
underlying mental function.?2-24

For the first time, the Wave 3 WTC Family Study examined DSM disorders, and
the effects of direct/indirect WTC-exposure, taking RDoC dimensions of functioning into
account: (i) negative valence, (ii) positive valence, (iii) cognitive systems, and (iv)
social cognition. This integrative, multi-system examination can advance translational
research in WTC-exposed populations, so that individualized treatments directed at
etiologic mechanisms might soon be available to trauma-exposed people.

1.4. High-Throughput Approach to (GxE) Interactions

High-throughput technologies have led to a more comprehensive view of GXE
interactions underlying observable behaviors. Few studies have examined GxE
interactions underlying RDoC domains, and these are all candidate gene studies.?>28
GxE interactions in WTCHR enrollees have not been examined. The Wave 3 WTC
Family Study had proposed to exame — with genome-wide coverage — GXE interactions
underlying RDoC domains and psychiatric outcomes in WTCHR enrollees and their
families.

2. Specific aims

Overall aim: to understand post-9/11 long term psychiatric outcomes and emotional
health through an examination of their associated Research Domain Criteria (RDoC)
dimensions and underlying interactions among genome-wide genetic variation and
direct/indirect WTC exposure/s.

Aim 1: to calculate trajectories of psychopathology across three waves, identify their
associated WTC-exposure/s, and examine the relationship between WTC-exposure/s,
trajectories of psychopathology and emotional health.

Aim 2: to examine how psychopathology at wave 3 maps onto four key RDoC

domains of functioning, and test whether RDoC domains modulate the relationship
between type/severity of WTC-exposure/s and psychopathology.

Aim 3: to identify SNPs, polygenic risk, and GxE interactions underlying the 4 RDoC
domains and psychopathology.

3. Methodology
3.1. Samples

The Wave 1-2 WTC Family Study (RO1MH070424 & RO1HDO046786; Pl: Hoven),
in collaboration with the WTCHR, recruited a representative sample, and subsequently
assessed N = 855 families at Wave 1 and N = 715 at Wave 2 (conducted 12 months after
the Wave 1 interview), with an overall 84% retention rate. At Wave 1, 70% of families had
2 parents interviewed, and 65% at Wave 2. Thus, we estimate that 68% of families at
Wave 3 will include both parents. Of the N=700 families in Wave 3, 66% (N=642) of the
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families have at least one parent with WTC exposure, and 34% (N=238) are non-exposed
Control families.

WTC exposed families included a directly WTC-exposed parent as well as their
spouse and a child, indirectly exposed by virtue of parental exposure or Take Home
(indirect) Exposure. who was 9-16 years of age at Wave 1 and 10-20 at Wave 2. Exposed
parents, as enrollees in the WTCHR, were selected as belonging to three groups: (a) First
Responders (FRs): Firefighters (FFs), Police Officers (POs), and Emergency Medical
Technicians (EMTSs), (b) those who assisted in recovery and relief efforts on/after 9/11,
and (c) Evacuees: those who evacuated from the WTC or WFC buildings, the immediate
WTC area or their homes. Besides being a member of the WTCHR, families had to be
living within 100 mile radius from Ground Zero at the time of interview and had agreed to
the WTCHR to being contacted for possible participation in research.’® In Control
families, neither parent was present at the WTC area during the attack, nor was
registered with the WTCHR. Control children were matched to indirectly exposed children
(Take Home Exposed) by geographic location and age. Wave 2 child participants are
51% females, and 68% non-Hispanic Whites. Youth participating in the Wave 3 WTC
Family Study were 16-30 years of age at their Wave 3 interview.

3.2. Recruitment

All interviews were conducted in-person by trained interviewers at the participants’
residence, or at another agreed upon location, such as a library or the GPEG offices. The
Wave 3 WTC Family Study sample recruited families who reside within 100-miles from
the WTC. All data was collected on laptop computers. With the consent of adult
participants (=18 years of age), and parent consent and child assent if <18), a saliva
sample was collected at the time of the interview for DNA analysis. In addition to a flat
rate reimbursement, participants received a variable sum of money depending on their
choices/performance during the three decision paradigms.

3.3. Measures

3.3.1. WTC-Exposure and Psychiatric Disorders: Wave 1-2 WTC Family Study & Wave
3 WTC Family Study (parents/children).

The main exposure and psychiatric variables available from the Wave 1-2 WTC
Family Study and measured as part of the Wave 3 WTC Family Study are summarized
in Table 1.

Table 1. Wave 1-2 WTC Family Study and Wave 3 WTC Family Study measures

Informant ‘ Wave 1 and 2 | Wave 3

. Psychiatric outcomes

PTSD: PTSD checklist, civilian version;?® major depressive disorder (MDD): Beck
Parents Depression Inventory-7 items;3° alcohol use disorders (AUD) and substance use

Children  |conduct disorder (CD), oppositional defiant disorder (ODD): DISC Predictive CIDI
Scales (DPS).35 36

disorders (SUD): WHO WMH-CIDI.31-33 PESDA“(QBD’
PTSD, MDD, panic disorder (PD), agoraphobia (AGO), generalized anxiety| a\p;sup:

disorder (GAD), separation anxiety disorder, AUD/SUD: NIMH DISC-IV;*| \nHo WMH-
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. WTC-exposure
(1) Direct exposure and witnessing (in person) WTC-related events occurring to others.

WTC-BOE Survey Questionnairel® 37. 38 (see note?), plus other questions about
direct exposure/witnessing (see note®).

Children  |WTC-BOE Survey Questionnaire (see note?d).
(2) Learning that WTC-related events occurred to a close family member/friend

Family member/s and/or friend/s (see note¢): (a) was/were in the WTC on 9/11 but
escaped unhurt, (b) hurt in the attack, and (c) killed in the attack.

(3) Experiencing repeated or extreme exposure to aversive details of WTC attacks

(a) Worked in rescue/relief services at the WTC within 6 months after 9/11; (b) days
Parents spent: at Ground Zero, working on the pile, working on the dump in Staten Island,
in other activities 9/11-related recovery effort.

Parents

Parents

o Exposure to other work-related traumatic events

Parents ‘Critical Incident History Questionnaire (CIHQ).39 40 ‘ CIHQ¢

o Exposure to life events

Parents Life Events Checklist (LEC):*! 16 itgme_: gboqt potentially traumatic events known LEC (16
to result in PTSD/other posttraumatic difficulties. items)4!

Modified 26-item LEC:42 43 youth were asked to report whether each item had|(since the time
Children happened to them in the previous year and, if so, to categorize the event as "mostly Qf the_ last
good” or "mostly bad”. interview)

° Other WTC-related factors

(a) Grief reactions to a WTC-related loss of a family member/friend/co-worker (5-
items on a 3-point scale); (b) peri-traumatic reactions during the attack ( 8-items
on a 5-point scale); (c) WTC-related life disruptions (e.g., home evacuation, home
Parents relocation, job loss) because of the attack; (d) changes in family functioning after
9/11 (e.g. changes in family’s interactions, economical situation, feelings of
closeness/intimacy, etc.); (e) social and mental health support for WTC-related
events or job-related stress.

(a) Youth’s awareness of parental exposure to work-related events (CIHQ,39 40
Children  |adapted to ask about parental exposure; (b) PTSD symptoms related to parental
exposure to work-related events (DPS35 36),

WHO WMH CIDI: World Health Organization World Mental Health Composite International Diagnostic Interview; NIMH
DISC-IV: NIMH Diagnostic Interview Schedule for Children.

aThe WTC-BOE Survey Questionnaire assessed the following direct exposure events: (a) saw planes crash/towers collapse,
(b) in/near the cloud of smoke/dust on 9/11, (c) physically hurt in the attack or during evacuation, (d) had to
evacuate/difficulties evacuating.

b Any parent who was below Canal Street from the time of the 15t plane crash and the time the 2" tower collapsed was
asked: (a) location when plane 1/plane 2 hit (in tower 1/tower 2, including what floor when planes hit; in other WTC buildings;
outside in the WTC area; other buildings/areas below Canal street), (b) if entered towerl/tower 2 after planes hit; (c) location
when tower 1/tower 2 collapsed (area immediately outside the WTC; within 3 blocks; > 2, < 10 blocks from the WTC; = 10
blocks from the WTC); (d) saw any dead bodies (and how many); (e) saw people jumping from the towers. Participants also
reported if they thought they were going to die.

¢ Spouse/partner, fiancé, mother, father, sister/brother, grandparents, aunt/uncle, friend, other family member, co-worker.
4The CIHQ will be used with anyone who (since the time of the last interview) has been working as a FR.

3.3.2. Emotional health (EH): Wave 3 WTC Family Study (parents/children)

Measures are part of the NIH Toolbox emotional battery,*** and belong to three
subdomains (Table 2): (a) stress/self-efficacy (S/S-E), (b) psychological well-being
(PW-B), and (c) social relationships (SR). There are individual scores provided for each
measure.

Final RPPR Page 11



Final RPPR

B.2 (Hoven_5U010H011327_FRw3_final report_2022_FIN.pdf)

Table 2. National Institute of Health Toolbox Emotional battery. Measure (temporal
frame): content

Perceived stress (past month): coping resources, and how unpredictable/uncontrollable/
overloading participants find their lives. Self-efficacy (In general): sense of global self-efficacy,
defined as persons’ belief in their capacity to manage their functioning and have control over
meaningful events.

General life satisfaction (In general): global feelings and attitudes about life experiences; whether
respondents like their lives or not. It includes both general (e.g., my life is going well) and domain-
specific (e.g., | am satisfied with my family life) aspects. Meaning and purpose (In general): extent
to which people feel their life matters or makes sense. Positive affect (past 7 days): ‘activated’
(e.g., happiness, joy) as well as ‘unactivated’ (e.g., serenity, peace) aspects of feelings that reflect
a level of pleasurable engagement with the environment.

Emotional support (past month): perception that people in one’s social network are available to
listen to one’s problems with empathy, caring and understanding. Instrumental support (past
month): perception that people in one’s social network are available to material or functional aid in
completing daily tasks (such as making meals or providing transportation) if needed. Friendship
(past month): perception of the availability of friends or companions with whom to interact or affiliate.
Loneliness (past month): perceptions of being alone, lonely or socially isolated from others.

SIS-E

PW-B

SR

3.3.3. RDoC measures: Wave 3 WTC Family Study (parents/children)

We will measure 10 RDoC constructs/sub-constructs, across 4 domains. Domains,
constructs/sub-constructs and their corresponding measures are summarized in Table 3.
Self-reports are described in Table 3; paradigms are described below.

Table 3. RDoC domains, constructs, sub-constructs and units of analysis: Wave 3 WTC
Family Study (parents and children)

RDoC domains, constructs, and sub-constructs Units of analysis
Domains |Constructs Sub-constructs Self-Reports Paradigms
Acute threat (fear) STAI;* FQ*8 Visual-probe
Negative . . Harm Avoidance from
valence Potential threat (anxiety) TCI-RA9-54
Loss BHS55
Aobroach Reward valuation
"y P10 Action selection/preference-based Consummatory subscale Intertemporal
Positive [motivation - . of the TEPS;56-58 _ :
decision making Choice Task;
valence Initial i t d attai t BIS/BAS;® Reward Columbia Card
systems |Initia .responsweness 0 rewar. attainmen Dependence and Novelty e
Sustained/longer-term responsiveness to Seeking (TCI-R49-54) as
reward attainment
Cognitive Coanitive control Response selection; Inhibition/| Effortful Control (ATQ-
systems 9 suppression|  SF80-62); B|S-1163.64
Perception/ 3 655 66-68
Social |understanding of self Self-knowledge SRIS; TAS
cognition Perception/understandin  Understanding mental 69
TEQ
g of others state

State-Trait Anxiety Inventory (STAI).#” Differentiates between the temporary condition of state anxiety and
the more general and long-standing qualities of trait anxiety: 40 items on a 4-point scale. Fear Questionnaire
(FQ).*® How much participants would currently avoid 23 situations because of fear or other unpleasant
feelings: 23 items on a 9-point scale. Beck Hopelessness Scale (BHS).% Three factors measuring negative
attitudes about the future (future, loss of motivation, future expectations): 20 true-false items. Behavioral
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inhibition/activation scales (BIS/BAS).5® Sensitivity of two general motivational systems: behavioral
approach system (regulation of appetitive motives: the goal is to move toward something desired); behavioral
avoidance (or inhibition) system (regulation of aversive motives: the goal is to move away from something
unpleasant); the BAS scale is divided into 3 sub-domains: drive, fun seeking, and reward responsiveness:
24 items on a 4-point scale. Temporal Experience of Pleasure Scales (TEPS).56-58 Feelings of pleasure felt
in the moment of goal attainment (consummatory pleasure); feelings of desire related to the motivated
approach of goals (anticipatory pleasure): 18 items on a 6-point scale; past week. Temperament and
Character Inventory-Revised (TCI).4%-54 3 dimensions of temperament: harm avoidance (subscales: worry
& pessimism, fear of uncertainty, shyness with strangers, fatigability & asthenia); novelty seeking (subscales:
exploratory excitability, impulsiveness, extravagance, disorderliness); reward dependence (subscales:
sentimentality, attachment, dependence); items are scored on a 5-point scale. Adult Temperament
Questionnaire, short form (ATQ-SF).50-62 Effortful control factor of the ATQ, composed of three scales:
activation control (the capacity to perform an action when there is a strong tendency to avoid it), attentional
control (the capacity to focus attention as well as to shift attention when desired), and inhibitory control (the
capacity to plan, and to suppress inappropriate responses). Effortful control: ATQ 19 items on a 5-point scale.
Barratt Impulsiveness Scale (B1S-11).%3 64 [t measures three 2" order factors of impulsivity: attentional (15t
order factors: attention, cognitive instability), motor (1t order factors: motor, perseverance), and non-planning
(1%t order factors: self-control, cognitive complexity) impulsivity; 30 items on a 4-point scale. Self-Reflection
and Insight Scale (SRIS).%® Private self-consciousness (the inner feelings and beliefs one has toward
oneself): engagement in/need for self-reflection (e.g., “l don’t often think about my thoughts”; “I am not really
interested in analyzing my behavior”); insight (e.g., “l usually know why | feel the way | do”): 20 items on a 5-
point scale. Toronto Alexithymia Scale (TAS).56-68 Alexithymia: trouble identifying and describing emotions;
tendency to minimize emotional experience and focus attention externally: 3 subscales: difficulty describing
feelings; difficulty identifying feelings; externally-oriented thinking (tendency to focus attention externally: 20
items on a 5-point scale. Toronto Empathy Questionnaire (TEQ).° A single unidimensional empathy factor:
16 items on a 5-point scale.

o RdoC Paradigms. Three paradigms, outlined below, have been used.

1. Visual-probe (V-P) Paradigm: Threat Bias. Ample evidence indicates that attention
is biased toward threatening stimuli/threat-related information in the environment (during
the early, automatic stages of information processing’® 71) in disorders associated with
negative-valence states: anxiety disorders,’® 7! depression,’® 7276 and PTSD.”’-8! These
results indicate that threat bias may be a nonspecific trans-diagnostic marker of negative
affectivity in a number of clinical conditions. The threat bias is also associated with
increased vulnerability to stress (e.g., refs®2 83), suggesting that this cognitive bias likely
contributes to both the development and maintenance of internalizing disorders.8
Participants will complete a V-P paradigm identical to the one previously used by our
group,’ and used widely in research on pediatric and adult PTSD, anxiety, depression
and other psychopathologies (e.g., refs’® 859) For emotional face trials, there are two
conditions: congruent and incongruent, in which the probe replaces the emotional face
(i.e., threat or happy), or the neutral face, respectively.’® °! The outcomes of interest are
the threat bias and the happy bias.

2. Delay Discounting: Intertemporal Choice Task (ICT).°26 Intertemporal choice (or
delay discounting) tasks quantify an individual’s propensity toward seeking immediate
rewards, even if later rewards are larger.®” Disruptions in reward and self-control circuits
involved in processes favoring the choice of rewards fulfilling immediate needs (now
processes) vs. processes favoring behaviors designed to attain longer-term goals (later
processes) contribute to diverse pathologies, including SUD.?"194 Examination of self-
control in intertemporal choices is the “linchpin of universal prevention”, since deficits in
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self-control have been suggested to represent a “trans-disease process” (Volkow,%” page
348). In the ICT, developed by our collaborator Dr. Figner,®2 9 195 participants — like in a
standard delay-discounting task — choose between a smaller-sooner (SS) or a larger-later
(LL) amount of money.1% The ICT differs from standard delay discounting paradigms
since it allows examining (a) framing (DELAY vs. ACCELERATE) and (b) immediacy
(NOW or NOT-NOW) effects, based on evidence showing that (a) healthy subjects are
more patient when the default option is a LL and they can switch to a SS (ACCELERATE
frame), than when the default option is a SS and they can choose a LL (DELAY frame)
(asymmetric discounting),'%® and that (b) this asymmetry in discounting is more evident
when the SS is available immediately (NOW) than when it available at a later time (in 2
weeks; NOT-NOW).%? Participants are told to choose the option they truly prefer because
they will be paid according to their choice on one of the trials (selected randomly) There
are two main outcomes of interest. (1) log-transformed discount rates for each
participants, calculated as in Decker et al.;% lower log-transformed discount rates indicate
less steep discounting (less impatience/impulsive decision making), i.e., a preference for
LL over SS options. (2) Proportion of LL vs. SS choices; the larger the percentage, the
more patient the subject is making intertemporal choices, i.e., more able to delay reward
(gratification).

3. Columbia Card Task (CCT). Risk-taking, which involves voluntary choices for
behaviors where outcomes remain uncertain is thought to be a trans-diagnostic marker
of many behaviors characterized by deficits in action selection/preference-based decision
making, initial/sustained responsiveness to reward attainment, such as AU/SU, and
ultimately AUD/SUD.%6-199 Unlike other risk-taking tasks, the CCT (also developed by Dr.
Figner) measures risk-taking in conditions of higher vs. lower affective arousal,''° and
has been shown to track the developmental course of adolescents’ risk-taking behaviors
(inverted U-shaped trajectory).1%”- 110 |n each trial, 32 cards are shown face down, each
containing a gain or loss amount when turned over. Cards can be turned over and each
gain card adds a specified amount to the payoff, which the participant can claim by
stopping the trial. If, however, a loss card is encountered, the pot is lost. The ‘hot’ version
involves step-by-step decisions to turn over another card or to stop and collect, and offers
immediate feedback for each choice. In the ‘cold’ version, participants indicate the total
number of cards they wish to turn over, which are then turned simultaneously, giving this
version more of the character of a ‘cold’ judgment task. The outcome of interest is the
participants’ number of cards chosen (more cards indicate more risk-taking).

4. Results
4.1. 9/11 Exposure and Psychiatric Disorders

To examine the association of WTC exposure with psychopathology, we fit a linear
or logistic regression model for each outcome adjusting for demographic characteristics
(participant gender, age, and race/ethnicity). The mental health measures included: past
year or lifetime agoraphobia, generalized anxiety disorder, major depressive episode,
panic disorder, post-traumatic stress disorder and alcohol or substance abuse or
dependence. Dysthymia and minor depressive disorder were also assessed over past
year only, and aggregate measures of any internalizing and externalizing disorders over
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the past 12 months or the lifetime were examined. Externalizing psychopathology
combined alcohol or substance abuse or dependence, internalizing psychopathology
includes past year or lifetime agoraphobia, generalized anxiety disorder, major
depressive episode, panic disorder and post-traumatic stress disorder. Table 4 shows
results from logistic regression models for a subset of outcomes.

Table 4. Logistic regression models for 9/11 exposure association with mental health
outcomes at wave 3.

Maternal direct 9/11 Paternal direct 9/11 Youth indirect
exposure exposure exposure
Outcome OR LCL ucL ™ OR LcL ucL P OR LCL ucL ™
value value value

Lifetime

Internalizing 5, 576 133 089 1.00 074 1.36 099 091 073 1.13 0.39

psychop.

Externalizing 57 097 176 015 124 095 1.61 011 1.02 0.82 129 0.81

psychop.

AUD 1.04 068 1.59 0.85 130 098 1.71 006 1.11 0.86 1.44 0.44

SuD 1.64 1.09 2.47 002 121 087 168 025 0.89 0.68 1.15 0.36
Past 12 months

Internalizing 1 9 105 212 003 102 060 173 093 095 073 1.22 0.67

psychop.

Agoraphobia 1.84 0.81 4.20 0.15 288.9 0.00 >999 096 0.75 0.42 136 0.35

Adjusted for gender and race/ethnicity. AUD=alcohol use disorder; SUD=substance use disorder;
psychop. = psychopathology.

We found that among mothers, direct 9/11 exposure was associated with
significantly increased odds of lifetime SUD (OR=1.6; p=0.02) and past year internalizing
psychopathology (OR=1.5; p=0.03). Among specific internalizing disorders, agoraphobia
showed a close to 2-fold (p=0.15) increase. Among fathers, the odds of AUD (OR=1.3;
p=0.06) and of lifetime Externalizing psychopathology (OR=1.2; p=0.11) showed trends
towards being increased among the groups with direct exposure to the WTC attack. Youth
indirect exposure, however, was not associated with significant differences in
psychopathology at wave 3.

We further examined the association of 9/11 direct and indirect exposure with
psychopathology by comparing the prevalence of different psychopathology outcomes by
different types of exposure groups. A selected set of comparisons, including any with
significant differences between groups (p<0.05) are shown in Table 5. Specifically,
among mothers, past year internalizing psychopathology was more prevalent (28%)
among 9/11 evacuees than among minimally exposed (10%) and non-exposed (10%)
groups (the 9/11 First Responder category among mothers had small N).

Among mothers, generalized anxiety disorder (GAD) was highest over the lifetime
(29%) and over the past 12 months (9%) among 9/11 evacuees; in each case, this was
over 3 times as high as in the next highest prevalence group. Past year agoraphobia was
also elevated in maternal evacuees and residential evacuees/minimally exposed, and
PTSD related to 9/11 was highest among first responders, though numbers were limited.
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Among fathers, alcohol abuse/dependence was elevated in all exposed groups
(ranging from 34-51%) versus 27% prevalence in the non-exposed group, and PTSD
related to 9/11 was highest among evacuees (10%), followed by first responders (6%).
Youth showed marginal (p<0.1) differences by parental exposure group in their
prevalence of PTSD, with the highest proportion affected among those of parents who
were 9/11 evacuees (16%). Youth also showed differences in prevalence of dysthymia;
however the frequency of outcomes was low for this disorder so test statistics should be
interpreted with caution.

Table 5. Prevalence of psychopathology outcomes by exposure groups (shown for
respondent-outcome combinations with p<0.05 for comparison of prevalence across groups

only).

9/11 9/11 First 9/11 Residential Non-

Outcomes Evacuee Responder Evac & Minimally exposed vaII)L-le*
(%) (%) Exposed FR (%) (%)
Mothers (N=369)
:.me.ma"z'”g psychopathology, 57 125 38.1 343 057
ifetime
Internalizing psychopathology, 278 0.0 95 98 0.002
past year
GAD, lifetime 28.6 0.0 4.8 8.4 0.07
GAD, past year 9.3 0.0 0.0 2.5 0.05
Agoraphobia, past year 5.6 0.0 4.8 1.1 0.11
Dysthymia, past year 3.7 0.0 0.0 0.35 0.09
PTSD related to 9/11 3.8 12.5 0.0 14 0.095
Fathers (N=322)
Alcohol abuse/dependence 34.0 39.1 51.4 27.2 0.06
PTSD related to 9/11 9.5 55 0.0 0.0 0.01
Youth (N=505)
PTSD 15.9 8.6 51 10.1 0.08
Dysthymia 0.0 4.2 5.0 1.3 0.03

*Chi square p-value. For youth, p-values for all disorders were >0.05.

4.2.9/11 Exposure, Psychiatric Disorders and Emotional Health

To examine the association between WTC exposure, psychopathology, and
measures of emotional health, we used linear regression models for emotional health
measures (self-efficacy, general life satisfaction, emotional support, friendship), with 9/11
exposure, internalizing or externalizing psychopathology, and 9/11 exposure x
psychopathology interaction as independent variables. Models were also adjusted for
demographic factors and were conducted separately in each group (mothers, fathers,
youth).

The results are summarized in Table 6. 9/11 exposure (direct) was associated with
increased self-efficacy among mothers, but the strongest evidence for association was
among youth (indirect exposure). Youth indirectly exposed to 9/11 had increased self-
efficacy and general life satisfaction, but decreased emotional support, relative to those
who were unexposed. Internalizing psychopathology was consistently associated with
decreased general life satisfaction, and among youth was associated with decreased self-
efficacy; and with decreased emotional support and friendship, but only among those
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without indirect exposure to 9/11. Finally, externalizing psychopathology was associated
with decreased general life satisfaction among mothers and among indirectly 9/11
exposed youth; among youth, externalizing psychopathology was associated with
increased self-efficacy among 9/11 non-exposed but decreased self-efficacy among 9/11
exposed.

Table 6. Summary of the evidence for association of 9/11 direct/indirect exposure and

psychopathology and their interaction on Emotional Health.

Emotional health Mothers Fathers
measure Exposure (N=324) (N=281) Youth (N=436)
9/11 A A
' Internalizing psychop. A
Selfeficacy Externalizing psychop A (9/11 non-exposed);
' V (9/11 exposed)
General life - 9./11 A
satisfaction Internahp_ng psychop. v v v
Externalizing psychop. \ V (9/11 exposed)
9/11 \%
Emotional support ps;nctﬁg;?t'ﬁgggy V (9/11 non-exposed)
Externalizing psychop.
9/11

Friendship Internalizing psychop. V (9/11 non-exposed)

Externalizing psychop.

A, emotional health measure is increased; v, emotional health measure is decreased. Empty cell
indicates p>0.05 for corresponding association. Psychop. = psychopathology.

4.3. RDoC Domains of Functioning, Type/Severity of WTC-exposure/s and
Psychopathology

To test the association between measures assessing RDoC domains and
psychopathology at wave 3, we used logistic regression models with psychiatric
diagnoses as the dependent variable, and measures assessing key RDoC domains (BIS-
11, cognitive systems; STAI trait anxiety, negative valence; Toronto Empathy
Questionnaire, TEQ, social cognition) as independent variables. Models adjusted for
demographics, and were examined separately in mothers, fathers, and now adult
children. We found (see Table 7) that higher impulsiveness (BIS-11, cognitive systems)
and higher trait anxiety (negative valence) were significantly associated with increased
odds of past 12 month internalizing psychopathology among mothers, fathers, and now
adult children; the pattern of association was similar for lifetime internalizing
psychopathology, however the associations were stronger when considering the past 12
months. Social cognition was not associated with internalizing psychopathology or
externalizing psychopathology. Negative valence was positively associated with lifetime
externalizing psychopathology in mothers, fathers and children; whereas impulsiveness
was positively associated with lifetime externalizing psychopathology in fathers and
children, but not mothers.

To test the hypothesis that RDoC domain measures modulate the association between
9/11 exposure and psychopathology, terms for 9/11 direct or indirect exposure and for
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interaction between 9/11 direct or indirect exposure and RDoC domain measures were
added to the logistic regression models above for psychopathology outcomes. Statistical
significance of evidence for effect modification was assessed as p<0.05 for product
interaction terms. Based on this criterion, we did not find evidence for modification of 9/11
exposure and psychopathology associations by measures of RDoC domains.

Table 7. Association between RDoC domain measures and psychopathology

Mothers Fathers Now adult children
Outcome DFEJ?nOa(i:n OR LCL UCL p-value OR LCL UCL p-value OR LCL UCL p-value
Cognitive 4 99 108 368 003 212 1.03 435 004 360 2.20 590 <.0001
Past 12 systems
month Negative

internalizing _ valence

1.10 1.07 1.14 <.0001 1.10 1.05 1.15 <.0001 1.09 1.07 1.12 <.0001

psychop.  Social 1 01 095 106 082  1.01 0.95 1.07 0.82 0.99 0095 1.02 0.41

cognition
Cognitive 4 11 091 217 012  1.43 092 2.23 0.1 261 1.75 3.89 <.0001
- systems
Lifetime Negative
internalizing Va?ence 1.06 1.04 1.09 <.0001 1.08 1.05 1.11 <0001 1.08 1.06 1.11 <.0001
psychop. Social
a8l 102 098 1.05 033 101 097 1.05 056 1.01 098 1.04 0.63
cognition
Cognitive 56 78 237 027  1.82 1.20 2.77 0.00 2.29 157 3.34 <.0001
I systems
Lifetime Neaative
externalizing Valgence 1.02 1.00 1.05 0.08  1.04 1.02 1.07 0.00 1.02 1.00 1.04 0.05
psychop. Social
13l 008 094 1.02 038  0.99 096 1.02 0.52 0.99 096 1.02 0.40
cognition

Final RPPR

4.4. COVID-19 Pandemic

While unable to conduct the in-home, in-person interviews, we conducted a
longitudinal telephone survey over 3 waves during the COVID-19 pandemic (Wave 1.:
March-August 2020, Wave 2: September 2020-February 2021, Wave 3: March-August
2021), in part to check-in on the cohort. Participants included a random selection of WTC
Family participant families, including young adults and parents of young adults from the
same family. Questions related to mental health and well-being during the pandemic and
characterization of participants’ pandemic exposure experience. The mental health and
substance use and COVID-related exposures of S&W youth and parent participants over
3 waves of this telephone survey are shown in Table 8. Overall, depression, GAD, and
increased alcohol or smoking/vaping among those who used alcohol or cigarettes were
highest among both groups in wave 1 (early pandemic) and declined on average over
time. Prevalence of perceived discrimination and of testing positive for COVID-19
increased across waves. Recent exposure to COVID-19 persisted in the range of 20-30%
across waves, while the feeling of safety from COVID-19 increased over time
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Table 8. Prevalence of mental health and COVID-related exposures among youth and
parent WTC Family participants over 3 waves of the COVID-19 pandemic

Mental health and substance use

Youth (N=159)

Parents (N=309)

Wave 1 Wave 2 Wave 3 Wave 1 Wave 2 Wave 3

%

%

%

%

%

%

Depression 15.9 9.4 12.0 17.4 8.6 6.1
GAD 15.3 9.4 6.5 21.4 12.3 8.8
Increased alcohol use* 30.6 8.9 9.6 29.6 3.5 3.3
Increased smoking/vaping* 21.1 22.6 17.2 455 35.7 23.8
COVID-related exposures
Perceived discrimination 1.3 3.1 6.5 2.0 6.1 8.5
Tested positive for COVID-19 0.6 4.7 7.4 2.6 4.1 7.4
Loss of family or friends due to COVID-19 4.4 10.1 9.4 5.5 17.2 18.4
Recent exposure to COVID-19 22.6 30.8 27.7 27.5 33.7 28.2
Concern about being victim of violent crime 1.9 0.8 0.9 2.3 1.6 2.3

Mean Mean Mean Mean Mean Mean
0.79 0.62 0.69 0.81 0.62 0.60

Household financial impact of COVID-19
(none=0 to 2=a lot)
Current feeling of safety from COVID-19
(none=0 to 2=a lot)

*Among those who use the respective substance

1.29 1.31 1.57 1.16 1.18 1.56

5. Discussion
5.1. 9/11 Exposure and Psychiatric Disorders

In general, the results show that more than 15 years after 9/11, adults exposed to
the attacks still showed higher rates of psychopathology compared to non-exposed
adults.

Mothers directly exposed to 9/11 had higher rates of lifetime substance use
disorder (SUD). Similarly, fathers who were directly exposed to 9/11 tended to have
higher odds of lifetime Alcohol Use Disorders (AUD). Mothers directly exposed to 9/11
had also higher rates of past year internalizing psychopathology; in particular,
agoraphobia showed an almost 2-fold increase among mothers directly exposed to 9/11.
Higher rates of internalizing psychopathology were not observed among fathers directly
exposed to 9/11.

When the analyses were stratified by four exposure groups, mothers who were
9/11 evacuees had much higher rates internalizing psychopathology in the most recent
year before assessment compared to mothers who were minimally exposed or not
exposed on 9/11; in particular, rates of lifetime generalized anxiety disorder (GAD) and
of GAD in the most recent year before assessment were especially high among mothers
who were 9/11 evacuees. Mothers in the 9/11 evacuees and residential
evacuees/minimally exposed groups also tended to have higher rates of past year
agoraphobia compared to mothers in the First Responder and non-exposed groups. 9/11-
related PTSD tended instead to be higher among mothers in the First Responders group,
comparted to the other groups. Unlike mothers, fathers did not show differences in the
rates of internalizing psychopathology across the four exposure groups. Compared to
fathers who were not exposed to 9/11, lifetime AUD was higher in all exposed groups.
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PTSD related to 9/11 was highest among evacuees, followed by the First Responders
group.

These results show the long-term associations between 9/11 exposure and a
broad range of psychiatric outcomes, including both internalizing and externalizing
disorders. This is important, since most WTCHR psychiatric studies focused on PTSD,
with few exceptions. 1011111 Thys, there is a need to further investigate the links between
WTC-exposures and other psychiatric disorders, such as major depressive disorder,
anxiety disorders and alcohol/substance use disorders. This is true not only for the
WTCHR but also for the 9/11-related literature in general.'® Furthermore, the association
—in mothers — between 9/11 exposure and both internalizing and externalizing psychiatric
disorders indicate the critical importance of developing a better understanding of
comorbidity among 9/11-related psychiatric outcomes,'® examined to date by only two
WTCHR studies,® 1 and our own study including risk factors for comorbidity.11? 113

In general, among youth, there was no evidence of a significant long-term
relationship between parental exposure to 9/11 and their children’s mental health. To the
best of our knowledge, no study to date has examined the long-term relationship between
indirect exposure to 9/11 (due to parental exposure) and psychopathology. Recent
reviews!4 115 have shown that almost none of the published 9/11-related studies of pre-
natal samples (e.g., refs'1é 117) "and of preschoolers (e.g., ref'8 119) school age (e.g.,
refs38 120, 121y "and adolescents/young adults (e.g., refs122126) have followed participants
over an extended period of time. Thus, it is difficult to discuss the current findings in light
of findings from the literature. Our findings from the NYC Department of Education (NYC-
DOE) Study (N = 8236 NYC public school students assessed 6 months post-9/11; ages
8-21)%8 showed that PTSD was more strongly associated with family exposure than direct
exposure.38 127129 For example, among 4™ graders who were exposed to less than two
stressors, those who knew anyone who was at the WTC during the attack were more
likely than those who did not to screen positive for PTSD (27% vs. 11%); among children
in grades 5-12, the first and second strongest predictors of PTSD were, respectively,
having a friend/family member who died in the attack (16% vs. 7%), and a friend/family
member who was at the WTC at the time of the attack and survived (10% vs. 6%).%°
Furthermore, in the NYC-DOE Study,*3! children with EMT family members had a high
prevalence of PTSD (19%), compared to children who had POs or no FRs in their family
(11 and 10%, respectively), and especially to children with FFs family members (6%).
Despite the small sample size (EMT: N=288; FFs: N=83), differences in rates of PTSD in
EMTSs’ vs. FFs’ children were still significant after controlling for different WTC-exposures,
and were still marginally significant after controlling for demographic characteristics.
Finally, in the NYC-DOE Study, 9/11-related life disruptions in the family (a family member
lost her/his job; parents restricted youth’ post-attack travel) were associated with youth’s
elevated rates of PTSD and other anxiety disorders.32

In sum, results from the NYC-DOE Study indicated that in children and adolescents
assessed 6 months after 9/11, the effects of different kind of parental and familial
exposure on youths’ mental health were significant. Thus, while indirect exposure to 9/11
might still exert significant effects 6 months after 9/11 (when the NYC-DOE Study was
conducted), the long-term consequences of parental exposure to 9/11 might diminish over

18

Page 20



Final RPPR

B.2 (Hoven_5U010H011327_FRw3_final report_2022_FIN.pdf)

time and become negligible more than 15 years after 9/11 (when much of the current
study was conducted).

5.2. 9/11 Exposure, Psychiatric Disorders and Emotional Health

To the best of our knowledge, the current study is the only study —among WTCHR
enrollees and their families — that examined the long-term effects of WTC-exposure on a
broad array of psychiatric disorders and associated outcomes related to emotional health,
as indicators of psychological resilience and quality of life.

Among mothers, fathers and youth, psychiatric disorders were generally
associated with decreased emotional health. More specifically, among mothers, fathers,
and youths, internalizing and externalizing psychopathology were associated with
decreased general life satisfaction. Among mothers, also externalizing psychopathology
was associated with decreased general life satisfaction. Among youth, internalizing
psychopathology was associated with decreased self-efficacy.

Some unexpected results were observed when examining the association
between exposure to 9/11 and emotional health. Surprisingly, among mothers only, direct
9/11 exposure was associated with increased self-efficacy. Due to the associations
between different measures of exposure to 9/11 and maternal psychopathology, it is likely
that maternal self-efficacy does not constitute a buffer against the long-term negative
effects of exposure to 9/11. However, this hypothesis still needs to be tested; furthermore,
increased self-efficacy among mothers exposed to 9/11 might be a protective factor for
specific psychiatric disorders and not for others; this hypothesis also needs to be tested.
In agreement with findings reported among mothers, youth indirectly exposed to 9/11,
relative to those who were unexposed, had increased self-efficacy; youth indirectly
exposed to 9/11 also had increased general life satisfaction. Due to the lack of a
significant association between parental exposure and psychopathology in youth, self-
efficacy and general life satisfaction might constitute indicators of psychological resilience
against the long-term effects of indirect exposure. This result suggests that emotional
health can buffer stress and enhance psychological and physical health among youth
indirectly exposed to 9/11. We still need to understand differential impact.

5.3. RDoC Domains of Functioning, Type/Severity of WTC-exposure/s and
Psychopathology

Some of the problems associated with the use of DSM psychiatry nosology in
neurobiological research include excessive comorbidity of disorders and the marked
heterogeneity of clinical entities and underlying mechanisms (i.e., grouping of
heterogeneous syndromes with different pathophysiological mechanisms into one
diagnostic entity).?% 24 In particular, the underlying validity of the disease entities has been
guestioned, in that DSM categories do not map well onto emerging findings from genetics,
systems neuroscience and behavioral science.?%?2 As a result, it becomes very difficult
to translate research from basic studies to a systematic understanding of pathology or to
systematic treatments directed at mechanisms.?? In other areas of medicine (e.g., ref'33)
there has been a realization that disease entities that appear to be a single disorder
actually have distinct genetic precursors and pathophysiology: these approaches move
us toward individualized treatment (‘precision medicine’), that can harness the power of
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new technologies to identify and intervene on specific etiological process that result from
genetic and environmental causes, represent the forefront of medical science.?? 34

Fortunately, since the establishment of the WTCHR in 2002, the NIMH has initiated
the RDoC project, intended as a new research classification system based on key
dimensional constructs underlying mental function across multiple units of analysis, from
genes to observable behavioros.???4 The RDoC project is NIMH’s effort to develop an
integrative, multi-system precision medicine approach to mental disorders.?> 23

For the Wave 3 WTC Family Study, we examined ten constructs/sub-constructs
across four RDoC domains of functioning, which are highly pertinent to the etiology and
treatment of numerous psychiatric conditions, including PTSD, anxiety disorders, MDD,
and AUD/SUD:?5>28 135 (j) negative valence, (ii) positive valence, (iii) cognitive systems,
and (iv) social cognition. RDoC domains have five main characteristics that are relevant
for the proposed study: (a) they have been conceived by NIMH to represent valid
behavioral entities mapping onto specific brain circuits;?> 136 (b) they incorporate an
explicitly dimensional approach to psychopathology,?? 24 137 in which dimensionality is not
exclusively intended as a function of symptom severity, as in most studies, but also as
examination of the full range of variation, from normal to abnormal; (c) they might show a
nonlinear relationship with symptom severity (a critical area of research is to determine
the location of ‘tipping points’ that mark transition to more severe pathology, and how they
are affected by various risk/resilience factors); (d) they cut across traditional diagnostic
boundaries;**” and (e) they vary across development and are influenced by environmental
factors.138 Applying the RDoC classification to WTC-exposed families will allow examining
how psychiatric disorders maps onto RDoC domains.

Mothers, fathers and youth with higher impulsivity and higher trait anxiety showed
increased odds of lifetime and past 12 month internalizing psychopathology. Mothers,
fathers, and youth with higher negative valence had higher rates of lifetime externalizing
psychopathology. Among fathers and youths, lifetime externalizing psychopathology was
also associated with higher impulsivity. Thus, these results suggest that — in mothers,
fathers and youth — higher trait anxiety and higher negative valence might be specific
markers of internalizing and externalizing psychopathology, respectively. In fathers and
youth, higher impulsivity may be a transdiagnostic etiologic mechanism underlying both
internalizing and externalizing psychopathology.

6. Conclusion

In adults, different types of exposure to 9/11 have long-term effects on mental
health. More than 15 years after 9/11, risk of both internalizing and externalizing disorders
is elevated in adults exposed to 9/11. In youths, the long-term consequences of parental
exposure to 9/11 might instead diminish over time; our preliminary results indicate that
there is no evidence of an association between parental exposure to 9/11 and youths’
psychopathology at wave 3.

Among mothers, fathers and youth, psychiatric disorders were generally
associated with decreased emotional health. Among mothers only, direct 9/11 exposure
was associated with increased self-efficacy. Given the association between exposure to
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9/11 and maternal psychopathology, self-efficacy might not constitute a protective factor
against the long-term effects of exposure to 9/11. Youth indirectly exposed to 9/11,
relative to those who were unexposed, had increased self-efficacy and increased general
life satisfaction. In youth these measure of emotional health might be markers
psychological resilience against the long-term effects of indirect exposure, resulting in a
lack of association between indirect exposure and psychopathology at wave 3.

For the first time, the Wave 3 WTC Family Study examined DSM disorders and the
effects of direct/indirect WTC-exposure taking RDoC dimensions of functioning into
account, in agreement with the NIMH goal of creating a framework for research on
mechanisms of psychopathology, which ultimately will inform future classification
systems, and prevention/treatment of mental illness. The RDoC project is NIMH’s effort
to develop a precision medicine approach to mental disorders. In mothers, fathers and
youth, higher trait anxiety and higher negative valence might be specific markers of
internalizing and externalizing psychopathology, respectively. In fathers and youth, higher
impulsivity may be a transdiagnostic etiologic mechanism underlying both internalizing
and externalizing psychopathology. This integrative, multi-system examination of RDoC
domains, has the potential to move forward the field of translational research in WTC-
exposed populations, so that individualized treatments directed at etiologic mechanisms
might soon be available to trauma-exposed individuals.

Although much of the scientific impact of this investigation was mitigated due to
the COVID-19 Pandemic, the findings are important and should be expended and
deepened in future longitudinal investigation of this only 9/11 family cohort.
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This report format should NOT be used for collecting data from study participants.

Cumulative Inclusion Enroliment Report

Study Title: RDoC Domains Underlying Emotional Health and Trajectories of Psychopathology in Families of WTC First Responders and Evacuees:

Comments:
Ethnic Categories
Racial Categories Not Hispanic or Latino Hispanic or Latino Unknown/Not Reported Ethnicity Total
Unknown/ Unknown/ Unknown/
Female Male Not Female Male Not Female Male Not
Reported Reported Reported
American Indian/
Alaska Native 1 1 0 0 0 0 0 2
Asian 20 10 0 0 0 0 0 30
Native Hawaiian or
Other Pacific 3 0 0 1 0 0 0 4
Islander
Black or African
American 31 18 0 15 10 0 0 74
White 490 425 0 50 61 0 0 1,026
More Than One
Race 26 27 0 8 5 0 0 66
Unknown or Not
Reported 11 13 0 S 2 0 0 31
Total 582 494 0 79 78 0 0
PHS 398 / PHS 2590 (Rev. 08/12 Approved Through 8/31/2015) OMB No. 0925-0001/0002
Page __ Cumulative Inclusion Enroliment Report
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I. OVERALL OUTCOMES

I.1 What were the outcomes of the award?

While psychiatric disorders (DSM) are known to be linked to traumatic exposure/s, families play a key role in modulating
youth’s reaction to terrorism and who may experience greater emotional impact from having a family member exposed than
from being directly exposed themselves. Because DSM disorders do not map well onto emerging findings from genetics,
systems neuroscience and behavioral science the NIMH initiated the Research Domain Criteria-(RDoC) project, as a new
classification system with gene x environment (GXE) interactions with a major role in understanding etiological processes. The
RDoC factors have never before been simultaneously taken into account with 9/11-related populations, which has the
potential to move forward the field of translational research in WTC-exposed populations, especially within families, so that
individualized treatments directed at etiologic mechanisms might soon be available to 9/11 and other trauma-exposed
individuals.

Unfortunately, the COVID-19 Pandemic drastically impacted our ability to conduct the required in-home assessments.
Eventually, a limited phone-based assessment was initiated resulting in a total lack of physical assessment. Consequently, the
important contribution of this investigation was seriously and negatively impacted. It is hoped that future funding will provide
for the continuation of this work which has already demonstrated its importance to understanding 9/11 exposure.
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