
Behavior problems in adolescence and subsequent mental 
health in early adulthood: Results from the World Trade Center 
Health Registry Cohort

Lisa M. Gargano1, Sean Locke1, Jiehui Li1, and Mark R. Farfel1

1World Trade Center Health Registry, Division of Epidemiology, New York City Department of 
Health and Mental Hygiene, New York, NY, 10013

Abstract

Background—The present study examined the association between 9/11-related adolescent 

behavioral problems on mental health outcomes in early adulthood.

Methods—Data from enrollees of the World Trade Center Health Registry who completed at 

least one adolescent (2006-2007 or 2011-2012) and adult survey (2011-2012 or 2015-2016) were 

analyzed. Adolescent behavioral difficulties were assessed using the adolescent-reported Strengths 

and Difficulties Questionnaire (SDQ). Adult mental health outcomes included: binge drinking; 

smoking status history; 9/11-related post-traumatic stress disorder (PTSD); depression; and the 

self-reported number of physician mental health diagnoses. Multivariable regression was used to 

estimate associations of SDQ with mental health outcomes.

Results—Of the 297 enrollees, 16.8% (n=50) had abnormal/borderline SDQ as an adolescent. 

Binge drinking was not associated with adolescent SDQ. Enrollees with abnormal/borderline SDQ 

as an adolescent were more likely to be a consistent smoker (odds ratio (OR): 5.6, 95% confidence 

interval (CI): 1.2-25.2), have probable PTSD (OR: 3.5, 95% CI: 1.3-9.8); depression (OR: 6.2, 

95% CI: 2.7-13.9); and to have 2 or more self-reported physician diagnosed mental health 

conditions as an adult (OR 5.6, 95% CI: 2.0-12.5).

Conclusions—This study’s findings underscore the need to intervene early with children 

exposed to traumatic events so as to avert later adolescent and adult problem behaviors.

Introduction

Studies of the long-term development of adolescent emotional and behavioral problems are 

essential for predicting adult psychopathology and for planning early interventions and 

prevention. In addition, the period of emerging adulthood is a particularly important time of 

life when mental health and behavior problems can disrupt stage-salient transitions in 

education, employment, and relationships (1). While the existing literature documents 
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different methods of measurement of adolescent behavior problems and adult 

psychopathology, the findings are consistent. Studies have identified associations between 

behavioral problems in adolescence and anxiety and depression later on in adulthood (2–6). 

One study found an association between adolescent problem behavior and major depressive 

disorder in adulthood (4). Antisocial behavior in adolescence has been related to anxiety/

depression in adulthood (7).

In addition to mental health disorders in adulthood, other studies have assessed the role of 

behavior problems in adolescence and subsequent risk behaviors as an adult. Behavior 

problems in adolescence were related to a broad range of adult risk behaviors including 

alcohol use and abuse, illicit drug use, and nicotine dependence (2, 7–11).

Childhood exposure to traumatic events can predict behavioral outcomes in adolescence. 

Though findings are mixed (12), studies have found that childhood exposure to violence at 

home (13), and witnessing school or community violence (14–16)have been linked to higher 

behavior problems in adolescence. Exposure to violence and subsequent disruptive behavior 

can also impact academic achievement in children (17, 18).

Few studies have evaluated the consequences of “single-incident traumas,” such as 

Hurricane Katrina, the World Trade Center terrorist attacks on September 11, 2001, and 

school shootings, or have evaluated the consequences using longitudinal data. Literature 

suggests that exposure as a child to the events of September 11, 2001, such as being caught 

in the dust cloud, witnessing horrific events, and having a family member killed in the 

attacks have been associated with poor outcomes as an adolescent including, substance use 

(19, 20), poor school-functioning (19, 21), and behavioral problems (22, 23). However, there 

is a paucity of research on the extent to which the effects of these adolescent behavior 

problems related to a single-incident trauma in childhood impact early adulthood. 

Understanding this will be key to post-disaster development of interventions and treatment 

planning for children. An estimated 25,000 children were living or attending school in lower 

Manhattan on September 11, 2001 and were exposed to the World Trade Center (WTC) 

terrorist attacks. Over 3,000 of these children enrolled as participants in the WTC Health 

Registry (Registry), thereby enabling analysis of the long-term health of those exposed to 

9/11 as adolescents and adults (24).

The current study uses longitudinal data from the Registry to study the relationship between 

9/11-related adolescent behavior problems and mental health outcomes in adulthood. Several 

mental health and substance use outcomes were assessed among adults who were exposed to 

9/11 as children: binge drinking, smoking, report of mental health disorder diagnoses, and 

screening positive for depression or post-traumatic stress disorder (PTSD).

Methods

Study sample and Study design

The Registry’s study design and enrollment methods have been previously described (24). 

Briefly, the Registry is a prospective longitudinal cohort of 71,431 persons exposed to the 

WTC terrorist attacks on 9/11/2001. Children under 18 were recruited through their parents 
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and were eligible for enrollment if they resided or were enrolled in school in Manhattan 

south of Canal Street or were present south of Chamber Street on the morning of 9/11. In 

2007-2008 and 2011-2012, enrollees between 11 and 17 years of age at the time of survey 

and their parent or guardian were surveyed separately.

The current study design included Registry enrollees who completed at least one adolescent 

survey (age 11-17 years) and at least one adult survey (≥18 years). Adolescent surveys were 

from 2006-07 or 2011-12 and the adult survey that was closest in time to the adolescent 

survey, either from 2011-12 or 2015-16. After excluding enrollees without behavior 

measures or outcome measures, the final sample size was 297 enrollees. The Registry and 

the protocol used in the study were approved by the Institutional Review Board of the New 

York City Department of Health and Mental Hygiene.

Adolescent Strengths and Difficulties Questionnaire (SDQ)

The main independent variable of interest was adolescent behavioral problems which were 

accessed using the adolescent-reported Strength and Difficulties Questionnaires (SDQ), a 

25-item adolescent behavioral screening instrument. A difficulties score (0-40) was 

categorized as normal (0-15) or borderline/abnormal (16-40) based on normative US data 

(25). The SDQ has been demonstrated as a psychometrically sound measure of child mental 

health problems (25).

Adult Mental Health and Substance Use Outcomes

All outcome measures were collected from the adult surveys. Probable adult PTSD in the 

last 30 days was assessed using the PTSD Checklist-Stressor Specific Version (PCL-17) 

with questions specific to 9/11. The PCL-17 is a self-report, 17-item scale corresponding to 

the Diagnostic and Statistical Manual of Mental Disorders (4th ed., DSM-IV) criteria that 

are commonly used in epidemiologic research (26). Cases of probable 9/11-related PTSD 

were defined using a score of 44 on the PCL-17 (26).

An 8-item Patient Health Questionnaire (PHQ-8) assessed adult depression in the last two 

weeks. The PHQ-8 consists of eight of the nine criteria on which a diagnosis of DSM-IV 

depression is based (27). Scores for each item were summed (range 0–24) and respondents 

with a PHQ-8 score of 10 or greater were considered to have depression.

On the adult surveys, enrollees were asked if they have ever been diagnosed by a healthcare 

provider with the following mental health conditions: PTSD, depression, or anxiety. The 

responses were summed and categorized into 0, 1, or 2+.

Substance use outcomes were binge drinking and smoking. Binge drinking was defined as 

having 5 or more drinks for men or 4 or more drinks for women on a single occasion in the 

last 30 days.(28) Using both the adolescent and adult surveys, a four level variable was 

developed for a smoking habit: 1) consistent (‘yes’ on adolescent and adult survey), 2) 

former (‘yes’ on adolescent and ‘no’ on adult survey), 3) new (‘no’ on adolescent and ‘yes’ 

on adult survey), and 4) never (‘no’ on both adolescent and adult survey).
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Sociodemographic Variables

Sociodemographic variables collected from the adolescent survey included: age from 

adolescent survey, gender, race/ethnicity, tobacco use, and if someone smoked in the home. 

Variables collected from the corresponding parent survey included: parent education, 

household income, and number of adults in the household.

Data Analysis

All the analyses were performed using SAS 9.4. Bivariate association between study 

variables and SDQ score categories were assessed by Pearson’s chi-square test. Fisher’s 

exact test was used for cells with five or fewer observations. Separate models were run for 

each outcome. Multivariable logistic regression was used to estimate association between 

SDQ score and outcome variables: probable adult PTSD, depression, and binge drinking. 

Multinominal regression was used to estimate the association between SDQ score and 

outcome variables: number of mental health conditions and smoking habit. All regression 

models were adjusted for sociodemographic variables found to be significant in the bivariate 

analysis.

Results

Descriptors

A total of 50 enrollees (16.8%) of 297 had abnormal/borderline SDQ scores on their 

adolescent survey (Table 1). The average age of enrollees on their adolescent survey was 

14.6 years, 56.6% were female and 54.2% were white non-Hispanic (Table 1). Fifteen 

percent reported ever smoking cigarettes and 4.4% had probable 9/11-related PTSD on their 

adolescent survey. The majority (81.5%) lived with two or more adults in the household, 

55.5% had a household income of greater than $75,000, and 83.3% had a parent with some 

college or higher education.

On the adult survey, 8.7% had probable 9/11-related PTSD, 17.3% had probable depression, 

15.6% had 2 or more mental health condition diagnoses (Table 2). Each of the mental health 

outcomes was associated with SDQ score in the bivariate analyses. Over half of the adults 

reported binge drinking at least once in the last 30 days. Only 3.7% of enrollees reported 

smoking on both the adolescent and adult survey (consistent smoker), while the majority 

(78.5%) were never smokers. Neither binge drinking nor smoking habit was associated with 

SDQ score in the bivariate analyses.

Mental Health Outcomes

In the adjusted analysis, enrollees with abnormal/borderline SDQ score on their adolescent 

survey were 3.5 times more likely (95% Confidence Intervals (CI): 1.3-9.8) to have probable 

9/11-related PTSD as an adult compared to those who had normal SDQ score (Table 3). 

Enrollees with abnormal/borderline SDQ score on their adolescent survey were 6 times more 

likely (95% CI: 2.7-13.9) to have depression as an adult compared to those who had normal 

SDQ score. Compared to those with 0 mental health conditions diagnosis, the adjusted odds 

ratio of having 2 or more mental health conditions diagnoses was higher among those with 
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abnormal/borderline SDQ score as an adolescent compared to those with a normal SDQ 

score (AOR: 5.0, 95% CI: 2.0-12.5).

Substance Use Outcomes

While not statistically significant, the point estimate is above one, suggesting that enrollees 

with abnormal/borderline SDQ score on their adolescent survey were more likely to have at 

least one episode of binge drinking as an adult compared to those who had normal SDQ 

score (Table 4). Compared to never smoked, the adjusted odds ratio of being a consistent 

smoker was higher among those with abnormal/borderline SDQ score as an adolescent 

compared to those with a normal SDQ score (AOR: 5.6, 95% CI: 1.2-25.2).

Discussion

This study’s goal was to assess the relationship between putative 9/11-associated behavior 

problems in adolescence with mental health in adulthood. Using data collected over a 9 year 

period, we found that 9/11-associated behavior problems in adolescence were associated 

with a higher risk of adverse outcomes in adulthood. This study is among the few that have 

looked at “single-incident traumas,” such as the 9/11 terrorist attacks, and the long-term 

impact on exposed children (29). Unlike the current study, which is on persons directly 

exposed to the events of 9/11, studies after the 1995 Oklahoma City bombing focused on 

children and adolescents who were indirectly exposed (30, 31). In those studies, middle and 

high school students who reported hearing or feeling the blast and those who had high levels 

of bomb-related television viewing were more likely to have post-traumatic stress 

symptoms.

In our sample of directly exposure children, we found that behavior problems in adolescence 

were associated with several mental health outcomes: having probable PTSD, depression, 

and 2 or more mental health diagnoses as an adult. These findings are consistent with other 

longitudinal epidemiological studies showing that behavior problems in adolescence were 

associated with depression and anxiety in adulthood (2–7). In addition, adolescent behavior 

problems were associated with higher odds of being a consistent smoker, but not with being 

a new smoker in adulthood or with binge drinking. This is also consistent with existing 

literature showing that adolescent behavior problems are associated with alcohol abuse and 

nicotine dependence (2, 7–11). Many of these earlier studies use different measurements and 

definitions of behavior problems, differing both from the current study and from each other, 

which makes direct comparison difficult. The behavior problems measured in different 

studies include: various juvenile criminal or delinquent activities, tobacco use, alcohol use, 

illicit drug use, sexual intercourse, measures of antisocial behavior, and other screening tools 

such as the Child Behavior Checklist, and Youth Self Report (2, 5, 7, 9). Regardless of the 

specific problem behavior measured, the findings are consistent across the field. The 

findings from this study support the general nature of risk for mental health disorders and 

underscore the prognostic significance of adolescent behavior problems.

This study found that single-incident trauma related behavior problems, as measured by total 

SDQ, in adolescence predicted several poor mental health outcomes as an adult. One 

interesting observation was that adolescent behavior problems were associated with 
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reporting diagnoses of 2 or more mental health conditions, but not with reporting one 

diagnoses. While this could be attributed to sample size, when the categories were regrouped 

to compare 0-1 mental health diagnosis to 2 or more, it was found that adolescents with 

behavior problems had statistically significant higher odds of having 2 or more mental health 

diagnoses compared to having 0-1 mental health diagnosis. Most other studies focus on one 

diagnosis or mental health outcome, not the number of mental health outcomes. One study 

by Fergusson et al. (2009) found that children with conduct problems had a significantly 

higher number of mental health problems or substance dependence as young adults 

compared to children with no conduct problems. Further research into this observation is 

needed (2).

Previous research has shown that behavior problems in adolescents is associated with 

initiation of smoking (32) and that both behavior problems and early nicotine use in 

adolescence are predictive of later nicotine dependence in adulthood (33). In this present 

study we examined how adolescent behavior problems and the association with smoking 

habits into early adulthood. We found that adolescent behavior problems were associated 

with being a consistent smoker, report of smoking as both an adolescent and adult, but not 

with only smoking as an adolescent (former smoker) or only as an adult (new smoker). 

These results indicate that behavior problems exhibited in adolescence have a role in 

continued nicotine use from adolescence into young adulthood.

While we did not observe a statistically significant relationship between adolescent behavior 

problems and binge drinking as an adult, the point estimate was in the same direction as 

previous studies, which found that later alcohol use was related to earlier problem behavior 

(7, 8, 10, 11). One study by Fergusson et al. (2007) also did not find a statistically significant 

association between alcohol use and conduct or attention problems in adolescence (9). The 

reasons for these discrepancies are not clear and further exploration of this is warrented.

Although our findings demonstrate a link between adolescent problem behavior and adult 

psychopathology after exposure to a single-incident trauma, they do not explain the causal 

basis for this association. There are s hypotheses in the literature on this relationship. One is 

that by disrupting normal developmental processes, adolescent problem behavior directly 

increases the risk for adult psychopathology (34). Others have hypothesized that the link 

between adolescent problem behavior and adult psychopathology owes to a common 

liability that maybe inherited (35). Despite the uncertainty of the pathway for this causal 

relationship, our findings do have implications for prevention. The appearance of behavior 

problems in adolescence after a disaster can help in detecting a group that is at a high risk of 

developing mental health and/or substance use disorders later in life. Moreover, since the 

type of adolescent behavior problems within the literature are broad and the adult outcomes 

are variable, interventions or prevention strategies targeted at single behaviors may not fully 

mitigate the risk of psychopathology among exposed youth (4).

Limitations

This study is subject to several limitations. First, the study findings relate to a particular 

cohort with a specific trauma, therefore findings may not be generalizable. Second, the 
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outcome measures were either self-reported mental health disorder or substance use, or 

symptoms. Research supports the validity of self-reported substance use. Self-reported 

behaviors may provide more extensive coverage of problems since formal diagnoses of 

substance abuse only captures the most severe cases therefore only providing a limited 

estimate of prevalence. Also, the majority of alcohol users do not meet the diagnostic criteria 

for abuse or dependence disorders, but still exhibit elevated risk of adverse outcomes (7). 

The assessment of PTSD and depression were based on a self-administered questionnaire of 

symptoms that are commonly used in epidemiologic studies and considered to have good 

diagnostic efficiency (26, 27). Third the small sample size could have resulted in a lack of 

power to detect some relationships. Finally, this paper does not report on the overall 

functioning of the adult nor does it examine additional traumas experienced between the two 

surveys.

Conclusions

This study demonstrated a relationship between adolescent 9/11-related behavior problems 

and adult mental health conditions and substance use. Continued longitudinal studies such as 

the World Trade Center Health Registry, are important for the continued monitoring of the 

long-term effects of 9/11 on children as they continue to age. Long-term access to trauma-

related services is needed for a subset of children exposed to 9/11. This study’s findings 

underscore the need to intervene early with children exposed to traumatic events so as to 

avert later adolescent and adult problem behaviors and underscore the importance of 

healthcare providers obtaining the developmental history of an adult’s individual emotional 

and behavior problems in the assessment of psychopathology.

Acknowledgments

Statement of financial support

This publication was supported by Cooperative Agreement Number 5U50/OH009739 and 5U50/OH009739 from 
the National Institute for Occupational Safety and Health (NIOSH) of the Centers for Disease Control and 
Prevention (CDC); U50/ATU272750 from the Agency for Toxic Substances and Disease Registry (ATSDR), CDC, 
which included support from the National Center for Environmental Health, CDC; and by the New York City 
Department of Health and Mental Hygiene (NYC DOHMH). Its contents are solely the responsibility of the authors 
and do not necessarily represent the official views of NIOSH-CDC or the Department of Health and Human 
Services.

Bibliography and References Cited

1. Arnett JJ. Emerging adulthood(s): The cultural psychology of a new life stage. In: Jensen LA, 
editorBridging cultural and developmental approaches to psychology: New syntheses in theroy, 
research, and policy. Oxford University Press; New York, NY: 2011. 255–275. 

2. Fergusson DM, Boden JM, Horwood LJ. Situational and generalised conduct problems and later life 
outcomes: evidence from a New Zealand birth cohort. J Child Psychol Psychiatry. 2009; 50:1084–
1092. [PubMed: 19298467] 

3. Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior juvenile diagnoses in 
adults with mental disorder: developmental follow-back of a prospective-longitudinal cohort. Arch 
Gen Psychiatry. 2003; 60:709–717. [PubMed: 12860775] 

4. McGue M, Iacono WG. The association of early adolescent problem behavior with adult 
psychopathology. Am J Psychiatry. 2005; 162:1118–1124. [PubMed: 15930060] 

Gargano et al. Page 7

Pediatr Res. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Reef J, Diamantopoulou S, van Meurs I, Verhulst F, van der Ende J. Child to adult continuities of 
psychopathology: a 24-year follow-up. Acta Psychiatr Scand. 2009; 120:230–238. [PubMed: 
19522882] 

6. Rowe R, Costello EJ, Angold A, Copeland WE, Maughan B. Developmental pathways in 
oppositional defiant disorder and conduct disorder. J Abnorm Psychol. 2010; 119:726–738. 
[PubMed: 21090876] 

7. Bor W, McGee TR, Hayatbakhsh R, Dean A, Najman JM. Do antisocial females exhibit poor 
outcomes in adulthood? An Australian cohort study. Aust N Z J Psychiatry. 2010; 44:648–657. 
[PubMed: 20560852] 

8. Ferdinand RF, Verhulst FC. The prediction of poor outcome in young adults: comparison of the 
Young Adult Self-Report, the General Health Questionnaire and the Symptom Checklist. Acta 
Psychiatr Scand. 1994; 89:405–410. [PubMed: 8085471] 

9. Fergusson DM, Horwood LJ, Ridder EM. Conduct and attentional problems in childhood and 
adolescence and later substance use, abuse and dependence: results of a 25-year longitudinal study. 
Drug Alcohol Depend. 2007; 88(Suppl 1):S14–26.

10. Guo J, Hawkins JD, Hill KG, Abbott RD. Childhood and adolescent predictors of alcohol abuse 
and dependence in young adulthood. J Stud Alcohol. 2001; 62:754–762. [PubMed: 11838912] 

11. Odgers CL, Moffitt TE, Broadbent JM, et al. Female and male antisocial trajectories: from 
childhood origins to adult outcomes. Dev Psychopathol. 2008; 20:673–716. [PubMed: 18423100] 

12. Mrug S, Windle M. Prospective effects of violence exposure across multiple contexts on early 
adolescents’ internalizing and externalizing problems. J Child Psychol Psychiatry. 2010; 51:953–
961. [PubMed: 20331489] 

13. Yoon S, Steigerwald S, Holmes MR, Perzynski AT. Children’s Exposure to Violence: The 
Underlying Effect of Posttraumatic Stress Symptoms on Behavior Problems. J Trauma Stress. 
2016; 29:72–79. [PubMed: 26748761] 

14. Lambert SF, Boyd RC, Cammack NL, Ialongo NS. Relationship proximity to victims of witnessed 
community violence: associations with adolescent internalizing and externalizing behaviors. Am J 
Orthopsychiatry. 2012; 82:1–9. [PubMed: 22239388] 

15. O’Keefe M. Adolescents’ exposure to community and school violence: prevalence and behavioral 
correlates. J Adolesc Health. 1997; 20:368–376. [PubMed: 9168384] 

16. Schwab-Stone M, Chen C, Greenberger E, Silver D, Lichtman J, Voyce C. No safe haven. II: The 
effects of violence exposure on urban youth. J Am Acad Child Adolesc Psychiatry. 1999; 38:359–
367. [PubMed: 10199106] 

17. Cooley-Strickland M, Quille TJ, Griffin RS, Stuart EA, Bradshaw CP, Furr-Holden D. Community 
violence and youth: affect, behavior, substance use, and academics. Clin Child Fam Psychol Rev. 
2009; 12:127–156. [PubMed: 19472053] 

18. Masten AS, Roisman GI, Long JD, et al. Developmental cascades: linking academic achievement 
and externalizing and internalizing symptoms over 20 years. Dev Psychol. 2005; 41:733–746. 
[PubMed: 16173871] 

19. Chemtob CM, Nomura Y, Josephson L, Adams RE, Sederer L. Substance use and functional 
impairment among adolescents directly exposed to the 2001 World Trade Center attacks. Disasters. 
2009; 33:337–352. [PubMed: 19178553] 

20. Gargano LM, Welch AE, Stellman SD. Substance Use in Adolescents 10 Years After the World 
Trade Center Attacks in New York City. Journal of Child and Adolescent Substance Abuse. 2017; 
26:66–74.

21. Gargano LM, Dechen T, Cone JE, Stellman SD, Brackbill RM. Psychological Distress in Parents 
and School-Functioning of Adolescents: Results from the World Trade Center Registry. J Urban 
Health. 2017

22. Gargano LM, Locke S, Brackbill RM. Parent Physical and Mental Health Comorbidity and 
Adolescent Behavior. International Journal of Emergency Mental Health and Human Resiliance. 
2017; 19:1–9.

23. Hoven CW, Duarte CS, Lucas CP, et al. Psychopathology among New York city public school 
children 6 months after September 11. Arch Gen Psychiatry. 2005; 62:545–552. [PubMed: 
15867108] 

Gargano et al. Page 8

Pediatr Res. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Thomas PA, Brackbill R, Thalji L, et al. Respiratory and other health effects reported in children 
exposed to the World Trade Center disaster of 11 September 2001. Environ Health Perspect. 2008; 
116:1383–1390. [PubMed: 18941582] 

25. Bourdon KH, Goodman R, Rae DS, Simpson G, Koretz DS. The Strengths and Difficulties 
Questionnaire: U.S normative data and psychometric properties. J Am Acad Child Adolesc 
Psychiatry. 2005; 44:557–564. [PubMed: 15908838] 

26. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris CA. Psychometric properties of the PTSD 
Checklist (PCL). Behav Res Ther. 1996; 34:669–673. [PubMed: 8870294] 

27. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J 
Gen Intern Med. 2001; 16:606–613. [PubMed: 11556941] 

28. Substance Abuse and Mental Health Services Administration (SAMHSA). Binge Drinking: 
Terminology and Patterns of Use. 2016

29. Liao Y, Shonkoff ET, Barnett E, Wen CK, Miller KA, Eddy JM. Brief report: Examining children’s 
disruptive behavior in the wake of trauma - A two-piece growth curve model before and after a 
school shooting. J Adolesc. 2015; 44:219–223. [PubMed: 26298676] 

30. Pfefferbaum B, Doughty DE, Reddy C, et al. Exposure and peritraumatic response as predictors of 
posttraumatic stress in children following the 1995 Oklahoma City bombing. J Urban Health. 
2002; 79:354–363. [PubMed: 12200504] 

31. Pfefferbaum B, Nixon SJ, Tucker PM, et al. Posttraumatic stress responses in bereaved children 
after the Oklahoma City bombing. J Am Acad Child Adolesc Psychiatry. 1999; 38:1372–1379. 
[PubMed: 10560223] 

32. Giannakopoulos G, Tzavara C, Dimitrakaki C, Kolaitis G, Rotsika V, Tountas Y. Emotional, 
behavioural problems and cigarette smoking in adolescence: findings of a Greek cross-sectional 
study. BMC Public Health. 2010; 10:57. [PubMed: 20128920] 

33. Chassin L, Presson CC, Rose JS, Sherman SJ. The natural history of cigarette smoking from 
adolescence to adulthood: demographic predictors of continuity and change. Health Psychol. 1996; 
15:478–484. [PubMed: 8973929] 

34. DeWit DJ, Adlaf EM, Offord DR, Ogborne AC. Age at first alcohol use: a risk factor for the 
development of alcohol disorders. Am J Psychiatry. 2000; 157:745–750. [PubMed: 10784467] 

35. Prescott CA, Kendler KS. Age at first drink and risk for alcoholism: a noncausal association. 
Alcohol Clin Exp Res. 1999; 23:101–107. [PubMed: 10029209] 

Gargano et al. Page 9

Pediatr Res. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gargano et al. Page 10

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 A

do
le

sc
en

ts
 a

ge
d 

11
-1

7 
ye

ar
s 

re
po

rt
ed

 in
 A

do
le

sc
en

t S
ur

ve
y 

by
 S

D
Q

 s
ta

tu
s,

 2
00

7-
20

12

A
L

L
N

or
m

al
A

bn
or

m
al

/B
or

de
rl

in
e

(S
D

Q
: 

0-
15

)
(S

D
Q

: 
16

-4
0)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

p-
va

lu
ea

To
ta

l
29

7
10

0
24

7
83

.2
50

16
.8

A
do

le
sc

en
t’

s 
R

ep
or

t

A
ge

, y
ea

rs

 
M

ea
n 

(S
td

. D
ev

.)
14

.6
0 

(1
.7

6)
14

.5
6 

(1
.7

6)
14

.8
0 

(1
.8

0)
0.

38
62

G
en

de
r

 
M

al
e

12
9

43
.4

10
9

44
.1

20
40

.0
0.

59
11

 
Fe

m
al

e
16

8
56

.6
13

8
55

.9
30

60
.0

R
ac

e/
E

th
ni

ci
ty

 
W

hi
te

16
1

54
.2

14
1

57
.1

20
40

.0
0.

02
70

 
N

on
-W

hi
te

13
6

45
.8

10
6

42
.9

30
60

.0

So
m

eo
ne

 s
m

ok
es

 in
 h

om
e

 
N

o
26

6
89

.9
22

5
91

.1
41

83
.7

0.
12

34
a

 
Y

es
30

10
.1

22
8.

9
8

16
.3

A
do

le
sc

en
t s

m
ok

in
g 

st
at

us

 
N

o
25

0
84

.7
21

4
87

.0
36

73
.5

0.
01

62

 
Y

es
45

15
.3

32
13

.0
13

26
.5

Pr
ob

ab
le

 A
do

le
sc

en
t P

T
SD

 
N

o
28

1
95

.6
24

5
99

.2
36

76
.6

<
.0

00
1a

 
Y

es
13

4.
4

2
0.

8
11

23
.4

P
ar

en
t’

s 
R

ep
or

t

N
um

be
r 

of
 a

du
lts

 in
 h

ou
se

ho
ld

 
O

ne
 a

du
lt

53
18

.5
36

15
.2

17
34

.0
0.

00
18

 
Tw

o 
or

 m
or

e
23

4
81

.5
20

1
84

.8
33

66
.0

H
ou

se
ho

ld
 g

ro
ss

 in
co

m
e

Pediatr Res. Author manuscript; available in PMC 2019 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gargano et al. Page 11

A
L

L
N

or
m

al
A

bn
or

m
al

/B
or

de
rl

in
e

(S
D

Q
: 

0-
15

)
(S

D
Q

: 
16

-4
0)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

p-
va

lu
ea

 
≤$

75
,0

00
12

2
44

.5
91

40
.4

31
63

.3
0.

00
36

 
>

$7
5,

00
0

15
2

55
.5

13
4

59
.6

18
36

.7

Pa
re

nt
al

 e
du

ca
tio

n

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

or
 le

ss
48

16
.7

35
14

.7
13

26
.0

0.
05

14

 
So

m
e 

co
lle

ge
 o

r 
hi

gh
er

24
0

83
.3

20
3

85
.3

37
74

.0

C
hi

ld
’s

 u
nm

et
 h

ea
lth

 c
ar

e 
ne

ed
s 

in
 th

e 
la

st
 1

2 
m

on
th

s

 
N

o
26

4
93

.6
22

0
94

.8
44

88
.0

0.
10

33
a

 
Y

es
18

6.
4

12
5.

2
6

12
.0

Ta
lk

ed
 to

 p
ro

fe
ss

io
na

l a
bo

ut
 th

e 
ch

ild
’s

 m
en

ta
l a

nd
 e

m
ot

io
na

l p
ro

bl
em

 in
 th

e 
la

st
 1

2 
m

on
th

 
N

o
20

2
71

.6
17

8
76

.7
24

48
.0

<
.0

00
1

 
Y

es
80

28
.4

54
23

.3
26

52
.0

* Fi
sh

er
’s

 e
xa

ct
 te

st
 f

or
 o

ve
ra

ll,
 if

 in
di

ca
te

d.
 O

th
er

w
is

e 
ch

i-
sq

ua
re

d 
te

st
. N

um
be

rs
 m

ay
 n

ot
 s

um
 to

 to
ta

l d
ue

 to
 m

is
si

ng
 v

al
ue

s

Pediatr Res. Author manuscript; available in PMC 2019 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gargano et al. Page 12

Ta
b

le
 2

M
en

ta
l H

ea
lth

/S
ub

st
an

ce
 U

se
 O

ut
co

m
e 

Pr
ev

al
en

ce
 in

 A
du

lth
oo

d 
(2

01
1-

20
16

) 
by

 A
do

le
sc

en
t S

D
Q

 S
ta

tu
s 

(2
00

7-
20

12
)

A
L

L
N

or
m

al
A

bn
or

m
al

/B
or

de
rl

in
e

(S
D

Q
: 

0-
15

)
(S

D
Q

: 
16

-4
0)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

P
-v

al
ue

To
ta

l
29

7
10

0
24

7
83

.2
50

16
.8

Pr
ob

ab
le

 A
du

lt 
9/

11
-r

el
at

ed
 P

T
SD

 in
 la

st
 1

2 
m

on
th

s 
(P

C
L

 ≥
 4

4)

 
N

o
26

4
91

.3
22

6
93

.4
38

80
.9

0.
00

99
a

 
Y

es
25

8.
7

16
6.

6
9

19
.1

D
ep

re
ss

io
n 

in
 la

st
 2

 w
ee

ks
 (

PH
Q

 ≥
 1

0)

 
N

o
23

4
82

.7
20

9
87

.8
25

55
.6

<
.0

00
1

 
Y

es
49

17
.3

29
12

.2
20

44
.4

N
um

be
r 

of
 p

hy
si

ci
an

 d
ia

gn
os

ed
 m

en
ta

l h
ea

lth
 c

on
di

tio
ns

b

 
0

21
8

73
.9

19
0

77
.2

28
57

.1
0.

00
43

 
1

31
10

.5
25

10
.2

6
12

.2

 
2+

46
15

.6
31

12
.6

15
30

.6

B
in

ge
 D

ri
nk

in
g 

at
 le

as
t o

nc
e 

in
 th

e 
la

st
 3

0 
da

ys

 
N

o
11

3
46

.1
96

46
.4

17
44

.7
0.

85
21

 
Y

es
13

2
53

.9
11

1
53

.6
21

55
.3

C
ha

ng
e 

in
 S

m
ok

in
g 

H
ab

it

 
N

ev
er

 S
m

ok
er

23
3

78
.5

19
8

80
.2

35
70

.0
0.

09
47

a

 
N

ew
 S

m
ok

er
19

6.
4

17
6.

9
2

4.
0

 
Fo

rm
er

 S
m

ok
er

34
11

.4
25

10
.1

9
18

.0

 
C

on
si

st
en

t S
m

ok
er

11
3.

7
7

2.
8

4
8.

0

a Fi
sh

er
’s

 e
xa

ct
 te

st
 f

or
 o

ve
ra

ll,
 if

 in
di

ca
te

d.
 O

th
er

w
is

e 
ch

i-
sq

ua
re

d 
te

st
.

b M
en

ta
l h

ea
lth

 c
on

di
tio

ns
 in

cl
ud

e 
ph

ys
ic

ia
n-

di
ag

no
se

d 
PT

SD
, d

ep
re

ss
io

n,
 a

nd
 a

nx
ie

ty
.

Pediatr Res. Author manuscript; available in PMC 2019 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gargano et al. Page 13

Table 3

Adjusted Odds Ratios for Mental Health Outcomes in Adulthood (2011-2016) by Adolescent SDQ 

(2007-2012)

Probable 9/11-related PTSD* Depressiona Number of physician diagnosed mental health 
conditionsb

2+ 1

Adjusted OR
(95%CI)

Adjusted
OR (95%CI)

Adjusted OR
(95%CI)

Adjusted OR
(95%CI)

Normal SDQ Reference Reference Reference Reference

Abnormal/Borderline SDQ 3.5 (1.3, 9.8) 6.2 (2.7, 13.9) 5.0 (2.0, 12.5) 1.8 (0.6, 5.4)

a
The model was adjusted for age at adolescent survey, gender, race/ethnicity, household gross income, someone smokes at home, and adolescent 

smoking

b
The model was adjusted for age at adolescent survey, gender, race/ethnicity, household gross income, someone smokes at home, adolescent 

smoking, and number of adults in household
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Table 4

Adjusted Odds Ratios for Substance Use Outcomes in Adulthood (2011-2016) by Adolescent SDQ 

(2007-2012)

Binge Drinkinga Smoking Habitb

New smoker Former smoker Consistent smoker

Adjusted OR
(95%CI)

Adjusted
OR (95%CI)

Adjusted OR
(95%CI)

Adjusted OR
(95%CI)

Normal SDQ Reference Reference Reference Reference

Abnormal/Borderline SDQ 1.4 (0.6, 3.3) 0.7 (0.1, 3.4) 2.3 (0.8, 6.6) 5.6 (1.2, 25.2)

a
The model was adjusted for age at adolescent survey, gender, race/ethnicity, household gross income, someone smokes at home, and adolescent 

smoking

b
The model was adjusted for age at adolescent survey, gender, race/ethnicity, household gross income, and someone smokes at home
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