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Abstract

Objective To examine longitudinal reciprocal relationships between marijuana use and psychiatric
disorders, and identify the role of HIV in a sample (N = 340) of youth perinatally infected with HIV
(PHIV+) and youth perinatally exposed but uninfected with HIV (PHIV—) (60.6% PHIV+; 9-16 years
at baseline; 51% female). Methods Cross-lagged structural equation modeling was used to ex-
amine longitudinal associations between changes in marijuana use and changes in any behavioral,
mood, and anxiety disorders at three time points across adolescence. Results Marijuana use
predicted behavioral and mood disorders in youth, regardless of HIV status. Behavioral and mood
disorders predicted marijuana use for PHIV— youth; behavioral disorders predicted marijuana use
for PHIV+ youth. Anxiety disorders and marijuana use were not associated for either
group. Conclusions For PHIV+ and PHIV— youth, interventions that target early marijuana use
may reduce later psychiatric disorders. Similarly, treatment for early behavioral disorders may

prevent subsequent marijuana use.
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Youth in the United States with perinatal HIV infec-
tion (PHIV+) are at high risk for psychiatric disorders
(Mellins et al., 2009; Mellins & Malee, 2013). In ad-
dition, as they age through adolescence, PHIV+ youth
increasingly experiment with marijuana similar to
their noninfected peers (Alperen et al.,, 2014;
Elkington, Bauermeister, Santamaria, Dolezal, &
Mellins, 2015). Recent studies have documented the
significant impact of marijuana use on the developing
adolescent brain, including reduced neuronal connec-
tivity and volume of specific brain structures (Volkow,
Baler, Compton, & Weiss, 2014). Furthermore, stud-
ies in adolescent community and treatment samples

have demonstrated a robust association between mari-
juana use and psychiatric disorders (Armstrong &
Costello, 2002; Rey, Martin, & Krabman, 2004).
These comorbidities have been associated with a more
serious course of mental illness, poorer treatment re-
sponse (Kessler, 2004), and poorer behavioral health
outcomes, including sexual risk behavior and nonad-
herence to treatment for chronic health conditions
(Elkington et al., 2008; Hicks et al., 2007).

Negative behavioral health outcomes during a de-
velopmental period of normative increased risk behav-
ior are of particular concern in PHIV+ youth, who are
coping with a chronic, sexually transmittable health
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condition that itself has neurological effects (Mellins
& Malee, 2013; Tassiopoulos et al., 2013). As pediat-
ric HIV in the United States becomes an adolescent
and young adult epidemic, understanding the develop-
mental course of co-occurring marijuana use and psy-
chiatric disorders will have important implications not
only for psychiatric and substance use treatment, but
also for long-term HIV management and reduction of
HIV transmission.

PHIV+ youth are at increased risk for marijuana
use and psychiatric disorders owing to individual,
family, and contextual risk factors—for example, re-
siding in impoverished inner-city communities; expo-
sure to trauma, violence, or parental illness or death;
parental psychiatric or substance use (Havens &
Mellins, 2008; Lee, Lester, & Rotheram-Borus,
2002). However, the influence of HIV infection on the
association between psychiatric disorders and mari-
juana use remains largely unexamined. Many US
PHIV+ youth experienced early years of less advanced
antiretroviral treatment, and poorly controlled HIV
infection (Gonzalez-Scarano & Martin-Garcia, 2005)
that may have affected CNS function, including the
subcortical white matter and frontostriatal systems in-
volved in regulation of mood and behavior (Sharer,
2005). Thus, PHIV+ youth with a history of viremia
may be at increased risk for mental health problems
and experience greater impact of marijuana use.

Existing studies of PHIV+ youth focus on younger
adolescents, who have relatively low rates of mari-
juana use (Alperen et al., 2014; Elkington,
Bauermeister, Brackis-Cott, Dolezal, & Mellins,
2009; Elkington et al., 2015) and examine either a
cross-sectional association between substance use and
psychiatric disorders (Kapetanovic et al., 2011;
Mellins et al., 2009; Williams et al., 2010) or develop-
ment of each problem separately over time (Alperen
et al., 2014; Gadow et al., 2012; Mellins et al., 2012).
Yet, marijuana use and psychiatric disorders may be
related in three important ways: marijuana use may
lead to psychiatric disorders (Griffith-Lendering,
Huijbregts, Mooijaart, Vollebergh, & Swaab, 2011;
Patton et al., 2002), psychiatric disorders may lead to
marijuana use (Brook, Brook, Zhang, Cohen, &
Whiteman, 2002; O’Neil, Conner, & Kendall, 2011),
or a third shared underlying variable may moderate or
mediate the association (Fergusson, Boden, &
Horwood, 2011).

To our knowledge, no published studies have ex-
amined the longitudinal and reciprocal relationship
between marijuana use and psychiatric disorders in
PHIV+ youth. Use of longitudinal data enables us to
examine the association between changes in marijuana
use and psychiatric disorders. Moreover, a compari-
son group of perinatally HIV-exposed but uninfected
(PHIV—) vyouth with similar sociodemographic
characteristics (e.g., age, HIV+ mother, poverty,

race/ethnicity, neighborhoods of residence) offers a
unique opportunity to examine the role of HIV.

Using data from a longitudinal study examining
mental health and behavioral health outcomes in New
York City (NYC) PHIV+ and PHIV— youth, we ex-
amine the reciprocal relationship between marijuana
use and psychiatric disorders over time. Beyond the
expected cross-sectional associations between psychi-
atric disorders and marijuana use documented in the
literature, hypotheses include (1a) increases in mari-
juana use will predict onset of psychiatric disorders;
(1b) these associations will be stronger for PHIV+
youth than for PHIV— youth; (2a) the onset of psychi-
atric disorders will predict increased marijuana use;
and (2b) these associations will be stronger for PHIV+
youth than for PHIV— youth.

Methods

Participants and Procedures

Project CASAH (Child and Adolescent Self Awareness
and Health; CASAH-1) participants were recruited be-
tween 2003 and 2008 from four NYC medical centers
providing primary and tertiary care to HIV-affected
families to complete two interviews approximately 18
months apart. Participants included youth and his/her
primary caregiver with the following inclusion crite-
ria: (1) youth aged 9-16 years with perinatal exposure
to HIV (confirmed by medical providers and charts),
(2) cognitive capacity to complete interviews, (3)
English- or Spanish-speaking, and (4) caregiver with
legal ability to sign permission for child participation.

Of 443 eligible participants at baseline (BL), 17%
refused contact or could not be contacted by the study
coordinators. Of the 367 caregiver—youth dyads ap-
proached, 340 were enrolled at BL (77% of eligible
families; 206 PHIV+ and 134 PHIV— youth), and
82% (166 PHIV+ and 114 PHIV—) were retained at
the first follow-up (FU1).

Although not initially planned, additional funding
was secured to continue to follow the cohort
(CASAH-2) for three additional interviews (FU2, FU3,
FU4); for CASAH-2, 84% of CASAH-1 youth (179
PHIV+ and 105 PHIV—) were re-recruited. For the
current analyses, we used data from BL, FU1, and
FU2 interviews. The median time interval between the
BL and FU1 was approximately 1.5 years (Myeas=
1.65, SD =0.45) and the mean time interval between
FU1 and FU2 interviews was 3 years (Mycars = 3.06,
SD =1.42). There were minimal but statistically sig-
nificant differences by HIV status in years between as-
sessments between BL and FU1 (Mpypv_ =1.09,

SD=0.42, Mppv,=1.28, SD=0.63; t=-3.08,
p=.005), and FU1l and FU2 (Mpyy_ =2.56,
SD=1.15, Mpuv,.=3.39, SD=1.48; t=-5.02,

p <.001). HIV status and age at each follow-up were
included as covariates.
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Data sources included caregiver and youth inter-
views and medical chart data on viral load and CD4
counts. Caregivers and youth were interviewed sepa-
rately in English or Spanish at the family’s home, their
medical clinic, or study research offices. Institutional
review board approval was obtained from all study
sites and the principal investigator’s home institution.
Caregivers provided written informed consent for
themselves and permission for youth who were <18
years of age; youth provided written informed assent
if <18 years and consent if >18 years. Monetary reim-
bursement for time and travel was provided.

Measures

Youth Characteristics

Youth HIV status was determined by youth enroll-
ment in HIV primary care clinics and verified by clini-
cians. Youth demographics assessed by self-report
included age, gender, and race/ethnicity.

Caregiver Characteristics

Caregiver HIV status was assessed by self-report ques-
tions about HIV tests and results (HIV infected vs.
uninfected/untested). Self-reported demographics in-
cluded caregiver age, gender, relationship to youth
(birth or nonbirth parent), and household income.
Household income was calculated in ranges (e.g.,
1=%$5,000 or less; 5=$20,000-25,000; 13 =More
than $150,000).

Psychiatric Disorder

Presence (yes/no) of youth current psychiatric disorder
was assessed using the Diagnostic Interview Schedule
for Children-IV (DISC-IV) (Shaffer, Fisher, Lucas,
Dulcan, & Schwab-Stone, 2000), a well-validated di-
agnostic instrument that can be administered by
trained lay interviewers to assess the most common
DSM disorders (American Psychiatric Association,
1994). Youth were interviewed about presence or ab-
sence of symptoms in the past year, based on diagnos-
tic categories. The most common diagnostic statistical
manual (DSM)-IV adolescent disorders were exam-
ined: (a) any behavioral disorder (attention-deficit/hy-
peractivity disorder, oppositional defiant disorder,
conduct disorder); (b) any mood disorder (major de-
pressive disorder, dysthymia, bipolar disorder); and
(c) any anxiety disorder (social anxiety disorder, sepa-
ration anxiety disorder, specific phobia, agoraphobia,
panic disorder, generalized anxiety disorder, obses-
sive-compulsive disorder).

Marijuana Use

Youth marijuana use also was assessed using the
DISC-1V, documenting how often youth reported us-
ing marijuana in the past year on a 5-point Likert-type
scale: 4=daily or almost every day, 3=3-4

days/week, 2=1-2 days/week, 1=less than that,
0 =m0 use.

Youth report of marijuana use is used, as caregivers
often have minimal knowledge of adolescent sub-
stance use (Williams, McDermitt, Betrand & Davis,
2003), particularly as youth age (youth’s age at FU2
was 17 [M=17.2; SD =2.74]). To be consistent with
our use of youth-only report for marijuana use, we
also use youth-only report for psychiatric diagnoses.
Several studies have demonstrated the validity of using
youth-only report to determine psychiatric diagnoses
(Jensen et al., 1999; Ko, Wasserman, McReynolds, &
Katz, 2004).

Statistical Analysis

First, BL sample characteristics and prevalence of psy-
chiatric disorders and frequency of marijuana use
across time points were examined, comparing differ-
ences by HIV status using #-tests and chi-square tests
as appropriate (Table I). As PHIV+ youth were ap-
proximately 1 year older than PHIV— youth at FU2,
we adjusted for age using analysis of variance when
examining group differences in frequency of mari-
juana use at FU2. Second, cross-lagged structural
equation models (SEM) were used to examine longitu-
dinal associations between changes in marijuana use
and changes in psychiatric disorders at three time
points: BL (M,g.=12.58 years, SD=2.25, range =
9-16 years); FUl (M,g=14.01 years, SD=2.35,
range = 10-21 years); and FU2 (M, =17.40 years,
SD =2.79, range = 13-24 years).

SEM models identified (1) autoregressive paths: re-
lationships within marijuana use and psychiatric dis-
orders from early to late adolescence (e.g., does early
marijuana use predict later marijuana use?); and
(2) cross-lagged paths: the degree to which, after ac-
counting for earlier psychiatric disorders, changes
(increase/decrease) in marijuana use predict changes
(onset/remission) in later psychiatric disorders. The re-
ciprocal nature of this model also permitted testing of
the degree to which earlier changes in psychiatric dis-
orders predict later changes in marijuana use (Kenny,
1979). For example, cross-lagged models ask whether,
after accounting for frequency of marijuana use at BL,
increases in marijuana use between BL and FU1 pre-
dict onset of psychiatric disorders between FU1 and
FU2. The model used four cross-lagged structural
paths: (1) BL marijuana use predicting onset of FU1
psychiatric disorder, (2) BL psychiatric disorder pre-
dicting changes in FU1 marijuana use, (3) changes in
marijuana use between BL to FU1 predicting onset of
FU2 psychiatric disorder, and (4) onset of FU2 psychi-
atric disorder predicting changes in marijuana use.
This model was run for marijuana use with behav-
ioral, mood, and anxiety disorders separately. Nested
model comparisons identify paths that significantly
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Table I. Sample Characteristics by HIV Status Among a Sample of Perinatally Exposed Youth (n=340)

Characteristics PHIV+(n=206) PHIV—(n=134) t-test/y*
N % N %
Gender
Male 101 49.0 65 48.5 0.01
Female 105 51.0 69 51.5
Age® 12.7 (2.16) 12.4 (2.37) ~1.23
Race ethnicity
Black 119 57.8 66 49.3 0.68
Hispanic 62 30.1 43 32.1
Other® 25 12.1 25 18.6
Caregiver HIV+ 65 31.4 92 68.7 43.96**
Caregiver is birth parent 75 36.2 94 70.2 36.09%*
Caregiver employed 59 30.1 27 20.9 02.91
Household income™* 5.8 (2.88) 5.0 (2.49) —2.44*
HIV characteristics
CD4 count® 605.67 (318.4)
Viral load? 3.50 (0.84)
ART 133 68.7
Any marijuana use®
Baseline 9 4.37 11 8.21 0.57
FU1 16 7.77 11 9.65 0.00
FU2f 65 36.31 26 24.76 0.04
Behavioral disorders®
Baseline 13 6.31 10 7.46 0.08
FU1 12 7.27 9 7.89 0.04
Fu2 16 8.94 8 7.62 0.15
Mood disorders®
Baseline 7 3.40 3 2.24 1.23
FU1 10 6.06 6 5.26 0.08
FU2 12 6.97 8 7.62 0.08
Anxiety disorders®
Baseline 63 30.58 43 32.09 0.09
FU1 35 21.21 25 21.93 0.02
FU2 32 17.88 21 20.00 0.20

p<.05; % p<.01.
Mean (SD).

POther race/ethnicity category: White non-Hispanic, Caribbean English, mixed race, other non-Hispanic.
“Household income assessed using a 12-point scale; each point represents a $5,000 increase such that 1=<$5,000; 2 =$5,001-$10,000;

3=10,001-$15,000, etc.
dloglo mean.

“Owing to missing data, percent values are not generated based on the total for each group.

fAnalysis of variance F test controlling for age.

account for variance in later constructs, identifying
potentially causal paths.

Gender, race/ethnicity, and age were included at
each time point as covariates. Analyses were con-
ducted in M-plus (Muthén & Muthén, 1998-2010).
All models were specified using maximum likelihood
(ML) estimation with categorical variables specified as
indicated. For each model, HIV status was examined
to identify whether cross-lagged and autoregressive
relationships were the same for PHIV+ and PHIV—
youth using the multiple group functionality within
M-plus. Unless otherwise indicated, standardized coef-
ficients are presented.

Missing Data Analysis
Missing data were considered using ML under the as-
sumption that data were missing at random (MAR),

which permits “missingness” in data to be a function
of measured covariates and outcomes. Although MAR
cannot be tested, ML is robust to minor violations of
this assumption. ML integrates all possible values of
missing data and gives more weight to values that are
more likely to occur. This approach uses all available
data to identify the most likely value for missing data
(Little & Rubin, 1989).

Results

Sample Characteristics

Table I presents sample BL characteristics and preva-
lence of marijuana use and psychiatric disorders of
both PHIV+ and PHIV— youth. (For illustrative pur-
poses, Table I includes prevalence of any past year
marijuana use while SEM analyses use frequency of
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marijuana use.) There were no significant differences
by youth HIV status in age, gender, or race/ethnicity.
Families of PHIV+ youth reported slightly higher av-
erage annual income, yet the average across both
groups was under the NYC poverty line for a family
of four. Significantly fewer PHIV+ youth were living
with a birth parent (36% vs. 70%; »5*=236.091,
p <.001), and thus, fewer PHIV+ youth were living
with an HIV+ caregiver (31% vs. 69%; v =43.962,
p <.001), as 100% of birth mothers were PHIV+.
The majority of PHIV+ youths (68.7%) were on anti-
retroviral therapy (ART), and yet, 65% had a viral
load >400 copies/ml. At BL, 70% of PHIV+ youth
had been told their HIV diagnosis; by FU1, 81% and
by FU2, 96% knew their status.

There were no significant differences in prevalence
of any past year marijuana use between PHIV+ and
PHIV— youth at any time point, and prevalence of
any past year marijuana use increased significantly
over time for both groups (y*=63.071, p <.001). By
FU2, 36.31% of PHIV+ and 24.76% of PHIV— youth
reported smoking marijuana within the past year.

Overall prevalence of behavioral disorders re-
mained stable from BL (6.3% PHIV+ and 7.5%
PHIV— youth) to FU2 (8.94% PHIV+ and 7.62%
PHIV— vyouth), with no significant changes across
time for either group (y*=0.359, p =.400). Mood dis-
orders were less common, and prevalence did not
change significantly over time for either group
(#*=0.592, p=.569): PHIV+ (BL=3.40%, FU2=
6.97%) and PHIV— (BL=2.24%, FU2=7.62%).
Rates of anxiety disorders decreased for both groups;
however, this was not significant (y*=1.689,
p=.127). There were no differences in prevalence of
psychiatric disorders by HIV status at any time point.

Cross-Sectional Associations

Frequency of marijuana use was associated with hav-
ing a behavioral disorder at BL (r=.428; p=.003),
FU1l (r=.512, p=.001), and FU2 (r=.710,
p<.0001) and with having a mood disorder at BL
(r=.255, p=.001), FU1 (r=.614, p <.0001), and
FU2 (r=.607, p <.0001). Frequency of marijuana use
was not significantly associated with having an anxi-
ety disorder at BL (r=.098, p =.495), FU1 (r=.184,
p=.238), or FU2 (r=.125, p=.351). Owing to the
lack of cross-sectional relationships between anxiety
disorders and marijuana use, cross-lagged models for
anxiety disorders are not presented. Correlations pre-
sented here are polychoric owing to categorical nature
of variables.

Cross-Lagged Structural Models

Before addressing reciprocal relationships between
marijuana use and psychiatric disorders, we examined
autoregressive paths between constructs. For each

category of disorder (behavioral, mood, and anxiety),
having a psychiatric disorder at BL predicted having
that disorder at FU1, and having a disorder at FU1
predicted having that disorder at FU2. Similarly, ear-
lier frequency of marijuana use predicted later use. For
behavioral disorders, relationships between earlier dis-
orders and later disorders were the same for PHIV+
and PHIV— youth. Mood disorders, however, were
more stable from BL to FU1 for PHIV— youth
(bBL—FU1:0-462) than for PHIV+ youth (bBL—FU1:
0.065, Ay*(1)=11.193, p=.001). Similarly, there
was a stronger relationship from BL to FU1 between
earlier frequency of marijuana use and later use for
PHIV— vyouth (bpy py;=0.843) than for PHIV+
youth (bgr pu1 =0.417, Ay*(1)=11.193, p =.001).

For all SEM models, overall fit for the entire sample
to determine whether separate models are needed for
PHIV+ and PHIV— youth is described first. Then the
relationship between frequency of marijuana use pre-
dicting onset of specific psychiatric disorders over
time (Hypothesis 1) and, finally, the relationships be-
tween psychiatric disorders predicting marijuana use
over time (Hypothesis 2) are described.

Marijuana Use and Behavioral Disorders

Because there were no group differences in the rela-
tionship between behavioral disorders and marijuana
use (Ay>=3.359, Adf=4, p=.499), the best-fitting
cross-lagged paths included both PHIV+ and PHIV—
adolescents (Figure 1). The cross-lagged model fit the
data well (comparative fit index (CFI) =0.981, tucker
Lewis index (TLI)=0.940). Marijuana use at BL did
not predict onset of behavioral disorder between BL
and FU1 (bpppu1=—0.010, Ay*=0.016, Adf=1,
p=.899, 95% CI=-0.046, 0.034), but increased
marijuana use from BL to FU1 predicted onset of be-
havioral disorder between FU1 and FU2 (bpys.
p=0.237, Ay’ =5.692, Adf=1, p=.017, R*=
6.75%). Having a behavioral disorder at BL predicted
increased marijuana use from BL to FU1 (bg.
ru1=0.117, Ay*=11.548, Adf=1, p<.001, R*=
5.52 %), and developing a behavioral disorder be-
tween BL and FU1 predicted increased marijuana use
from FU1 to FU2 (bpuipur=0.142, Ay*=4.100,
Adf=1,p=.043, R* =4.66%).

Marijuana Use and Mood Disorders

The best-fitting model was a multiple group model by
HIV status, indicating that the relationship between
mood disorders and marijuana use differed between
PHIV+ and PHIV— youth (Ay*=10.394, Adf=4,
p=.0342). Therefore, cross-lagged paths were inde-
pendently estimated by HIV status; the multiple-group
cross-lagged model fit the data well (CFI=0.961,
TLI=0.929) (Figure 2). Initial frequency of marijuana
use at BL did not predict onset of a mood disorder at
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Behavioral Disorder 0.440 Behavioral Disorder 0.228 Behavioral Disorder
Baseline Follow-up 1 Follow-up 2

0.179 0.244

Marijuana Use 0.614 Marijuana Use 0.400 Marijuana Use
Baseline Follow-up 1 Follow-up 2

Figure 1. Cross-lagged associations between any behavioral disorder and marijuana use. Note. Coefficients in bold are sig-
nificant; coefficients in italics are not significantly different from zero (i.e., nonsignificant).

a) PHIV- Youth

Mood Disorder 0.259 Mood Disorder 0.394* Mood Disorder
Baseline Follow-up 1 Follow-up 2
0072
0.427
0.027 T 0.168 0.058
0 ass \ 0.212%
Marijuana Use 0.845* Marijuana Use 0.755 Marijuana Use
Baseline Follow-up 1 Follow-up 2
b) PHIV+ Youth
Mood Disorder 0.153 Mood Disorder 0.147* Mood Disorder
Baseline Follow-up 1 Follow-up 2
0055 0.248
0.121 T 0.179 0.134
0101 0.044
Marijuana Use 0.442* Marijuana Use 0.399 Marijuana Use
Baseline Follow-up 1 Follow-up 2

Figure 2. Cross-lagged associations between any mood disorder and marijuana use. Note. Coefficients in bold are significant.
*Denotes coefficients are significantly different by HIV status. Coefficients in italics are not significantly different from zero.

FU1  for PHIV—  youth  (bgr.py;=—0.055, onset of a mood disorder between FU1 and FU2 for
Ay*=0.692, Adf=1, p=.405) or for PHIV+ youth  both PHIV— youth (bpyipu»=0.427, Ay*=7.855,
(bprru1 =0.101, Ay*=0.481, Adf=1, p=.488). Adf=1, p=.005, R*=10.25%) and PHIV+ youth
Increase in marijuana use from BL to FU1 predicted (bruiru2=0.248, Ay*=6.961, Adf=1, p=.008,
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R*=8.07%); this relationship was not significantly
greater for PHIV— than for PHIV+ youth
(Ay*=0.912, Adf=1, p =.340). Having a mood dis-
order at BL was unrelated to frequency of marijuana
use at FU1 for either PHIV— youth (bg gy = —0.072,
Ay*=0.547, Adf=1, p=.459) or PHIV+ youth
(bprru1 =0.055, Ay*=1.706, Adf=1, p=.192). For
PHIV— youth, developing a mood disorder between
BL and FU1 predicted increased marijuana use from
FU1 to FU2 (bpuipua=0.212, Ay*=6.961, Adf=1,
p=.008, R*=15.35%); this relationship was not sig-
nificant for PHIV+ youth (bpyipuz = —0.044,
Ay*=1.929, Adf=1, p=.165).

Discussion

This study is the first to examine the relationships be-
tween marijuana use and psychiatric disorders across
adolescence in a sample of PHIV+ and PHIV— youth.
Almost all prior studies of PHIV+ and PHIV— youth
examining the link between substance use and psychi-
atric disorders use cross-sectional designs that pre-
clude statements about predictive relationships or
temporal priority, which are important in developing
interventions. The main findings suggest that, as both
PHIV+ and PHIV— youth age, increases in marijuana
use predict onset of behavioral and mood disorders.
The role of psychiatric disorders in predicting mari-
juana use differs by HIV status.

Cross-Sectional Associations

For both PHIV+ and PHIV— youth, prevalence of
marijuana use more than tripled from BL to FU2,
whereas prevalence of behavioral, mood, and anxiety
disorders did not significantly change. Consistent with
the adolescence literature, using marijuana was corre-
lated with having a behavioral or mood disorder at
each time point (Armstrong & Costello, 2002; O’Neil
et al.,, 2011), with no differences by HIV status.
Contrary to the study hypothesis, there were no corre-
lations between marijuana use and anxiety disorders
at any time point. This may be owing to the heteroge-
neous construct of “any anxiety disorder” in this
study, which comprised specific phobia, social anxiety
disorder, agoraphobia, panic disorder, generalized
anxiety disorder, and obsessive-compulsive disorder,
and the relationship may differ by type of anxiety dis-
order, warranting further investigation.

Longitudinal Relationships of Marijuana Use and
Psychiatric Disorders

The presence of marijuana use at an earlier time point
predicted later use for both PHIV+ and PHIV— youth;
the same pattern was seen for psychiatric disorders
overall. However, the degree to which earlier mari-
juana use is associated with later use and earlier mood

disorder is associated with later mood disorder was
greater for PHIV— youth. This may be owing to
greater access to treatment and care and overall moni-
toring of PHIV+ youth (Mellins et al., 2009; Mellins
& Malee, 2013) in contrast to PHIV— youth, who are
typically not engaged in care systems (Gadow et al.,
2012; Mellins et al., 2009).

The main goal of these analyses was to examine
longitudinal, cross-lagged relationships to determine
whether there were reciprocal relationships between
marijuana use and psychiatric disorders over time or
whether only one predicted the other, and to examine
the role of HIV infection.

Marijuana Use Predicting Psychiatric Disorders

Partial support was found for the hypothesis that mar-
jjuana use would predict psychiatric disorders, but
there were no HIV status differences. Specifically, al-
though BL marijuana use by youth did not predict
later onset of any psychiatric disorders examined, as
the sample aged (at FU1) marijuana use predicted later
behavioral and mood disorders (at FU2). This is con-
sistent with previous studies of early adolescence
(Brook et al., 2002; Patton et al., 2002) and suggests
that shorter-term marijuana use by younger adoles-
cents may not have the impact of longer-term use on
psychiatric disorders seen in older adolescents
(Griffith-Lendering et al., 2011). As youth age, in-
creases in marijuana use may play a more critical role
in development of later psychiatric disorders (i.e., by
FU2) (Patton et al., 2002).

Psychiatric Disorders Predicting Marijuana Use
The longitudinal association between specific psychi-
atric disorder and marijuana use varied with disorder.

Behavioral Health Disorders. Findings supported our
hypothesis that behavioral disorders predict marijuana
use consistently across adolescence for both PHIV+
and PHIV— youth, consistent with a large adolescence
literature (e.g., Alperen et al., 2014; Brook et al.,
2002; Griffith-Lendering et al., 2011). Reasons may
include self-medication of behavioral disorder symp-
toms (e.g., hyperactivity, feeling keyed-up) (Griffith-
Lendering et al., 2011); alienation from protective sys-
tems (e.g., school, prosocial peers); and affiliation
with deviant peer groups in which substance use may
be the norm.

Mood Disorders. A smaller literature documents that
mood disorders, particularly major depressive disor-
der, predict marijuana use (O’Neil et al., 2011). This
association was found only for PHIV— youth once
they were older: mood disorders at FU1 only predicted
later marijuana use (i.e., at FU2), perhaps because
more PHIV+ youth are receiving mental health treat-
ment (Mellins et al., 2009; Mellins & Malee, 2013).
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Untreated mood disorders in PHIV— youth may result
in marijuana use to self-medicate symptoms or may
place significant strain on key protective mechanisms
(e.g., parental monitoring, parent—child attachment,
or peer relationships), thus increasing youths’ risk of
substance use as they age. Alternatively, a third under-
lying variable may explain this association. A greater
proportion of PHIV+ youth had a caregiver who was
HIV+ and potentially ill. Caregiver illness may di-
rectly impact youth mental health and indirectly influ-
ence marijuana use by an ill caregivers’ compromised
ability to monitor adolescent behaviors. In either case,
PHIV— youth should be targeted for psychiatric inter-
vention while also providing psychosocial support for
HIV+ caregivers as necessary.

Limitations

This study has several limitations. Participants were
recruited from HIV primary care clinics, and this con-
venience sample may not reflect the larger population
of PHIV+ and PHIV— adolescents, particularly youth
living outside of NYC or PHIV+ youth not enrolled in
HIV care clinics. Related, our findings do not take
into account treatment services that might have been
provided. Despite examining reciprocal relationships
between marijuana use and psychiatric disorders, at-
tributions about causality of these relationships must
be made with caution, as the analyses are not free
from potential confounds or underlying third vari-
ables. Analyses are based on frequency of marijuana
use, not prevalence of marijuana use disorder (which
was low); the association between marijuana use dis-
order and psychiatric disorders may be different and
requires further examination as the sample ages. Only
youth report of marijuana use and psychiatric disor-
ders was used. While youth-only report of psychiatric
diagnoses is valid (Ko et al., 2004), particularly for
substance use (Williams et al., 2003), youth may un-
der- or overreport or not recognize symptoms, particu-
larly those of behavioral disorders such as ADHD
(Salbach-Andrae, Klinkowski, Lenz, & Lehmkuhl,
2009). Chart data on psychiatric disorders, medica-
tions, and treatment that might have validated partici-
pant reports were not available to wus. Finally,
although retention rates were high and the analytic ap-
proach accounted for missing data based on earlier
measured levels of marijuana use, psychiatric disor-
ders, gender, race/ethnicity, age, or HIV status
(Muthén & Muthén, 1998-2010), participants who
missed interviews might be more likely to have devel-
oped disorders or to have used marijuana owing to
factors not included in the statistical models.

Future Research and Clinical Intervention
Despite these limitations, these findings have implica-
tions for research and clinical practice. As both

PHIV+ and PHIV— youth age, increases in marijuana
use predict onset of behavioral and mood disorders.
Further research is required to identify potential causal
mechanisms and distinguish the influence of biologi-
cal/meurotoxic effects of marijuana use from its psy-
chosocial ramifications. Neuroimaging studies have
described adolescence as a period of significant brain
development, particularly increased myelinization in
brain areas involved in emotional processing (Volkow
et al., 2014). Research establishing a link between the
biological effects of marijuana use on the developing
brain and subsequent mental health outcomes would
further elucidate how marijuana use and psychiatric
disorders are associated. This research is relevant for
the aging US perinatally HIV-infected population for
whom the long-term CNS impact of HIV may com-
pound the effect of marijuana use on psychiatric
disorders.

For both PHIV+ and PHIV— youth, marijuana use
appears to be a consistent risk factor for future psychi-
atric disorders. Therefore, prevention and treatment
of marijuana use among younger youth may reduce
development  of later  psychiatric  disorders.
Furthermore, marijuana use prevention efforts deliv-
ered in nontraditional treatment settings such as
schools or community-based organizations may be
more successful in reaching PHIV— youth, who may
be disconnected from traditional health care or sub-
stance use treatment systems.

Behavioral disorders are a consistent predictor of
marijuana use across adolescence, irrespective of HIV
status. Mechanisms for this association may be direct
(i.e., self-medication of symptoms) as well as indirect
through increased likelihood of negative psychosocial
outcomes that are in turn associated with marijuana
use (e.g., school dropout, delinquent activity, and neg-
ative peer groups). Understanding which outcomes
confer the greatest risk may direct efforts for reducing
onset of marijuana use. Moreover, effective treatment
for early behavioral disorders may prevent or mitigate
risk of subsequent marijuana use.

Conclusions

Examining relationships between marijuana use and
psychiatric disorders across adolescence in a sample of
PHIV+ and PHIV— youth, this study found minimal
impact of HIV infection, and, where HIV differences
were found, PHIV— youth seem to be at greater risk.
As youth age out of adolescence, they typically lose
sources of clinical and psychosocial support, and this
may be more likely for PHIV— youth who often are
not as connected to regular health care, mental health
care, or other support services as their PHIV+ coun-
terparts. As a result, their psychiatric and psychosocial
needs—and associated negative outcomes—may
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increase greatly as they move into early adulthood.
The challenge for the field is to find these youth as
they age to deliver targeted interventions and re-en-
gage them in service systems. That said, although
PHIV+ youth may be retained in support systems ow-
ing to their HIV clinical needs and thus “do better,”
they must not be ignored from intervention given the
significant ramifications of marijuana use and psychi-
atric disorders, such as unprotected sex and poor med-
ical adherence.
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