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Abstract

Longitudinal studies have shown that clinical precursors of antisocial personality disorder (ASPD)
include attention-deficit/hyperactivity disorder (ADHD) and more notably comorbid ADHD and
conduct disorder (CD). Despite existing evidence for the purported role of abnormal serotonergic
function in aggressive youth and adults, little evidence exists on the role of serotonin in the
progression from childhood disruptive behavior disorders to adult psychopathology, including
ASPD. This study examined the relation between serotonergic function in children diagnosed with
ADHD and the development of ASPD in early adulthood. We hypothesized that low serotonin
response to a pharmacological probe in childhood would predict the development of adult ASPD.
Towards this goal we divided 40 adults (M=37,F=3), ages 23-26 (m-24.57,sd-2.33) diagnosed
with childhood ADHD into 2 groups: participants with (n=21) and without (n=19) ASPD. We used
logistic regression to assess whether serotonergic measures in childhood assessed via prolactin and
cortisol responses to a fenfluramine challenge, would selectively predict the development of ASPD
in early adulthood. Logistic regression models showed that low central serotonergic response in
childhood indexed by cortisol response significantly predicted adult ASPD (Wald=4.427,p=.035)
but not ADHD diagnosis in adulthood. Adults without ASPD had the highest serotonergic
response whereas adults with adolescent ASPD (i.e. early onset ASPD) had the lowest response.
Thus we provide new evidence of the link between low serotonergic function in childhood and the
development of ASPD in adulthood, particularly for boys with adolescent onset of ASPD. These
findings are relevant for understanding the contribution of childhood neurobiology to risk for later
ASPD.
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Introduction

Adult psychopathology characterized by impulsivity and/or aggression is frequently
preceded by childhood disruptive behavior disorders, including attention deficit/
hyperactivity disorder (ADHD), oppositional defiant disorder (ODD) and conduct disorder
(CD). In prior iterations of DSM, the diagnosis of antisocial personality disorder (ASPD)
required evidence of prior CD. Although this stipulation was removed in DSM-5, the link
between childhood disruptive behavior disorders and ASPD has been well documented.
Longitudinal studies have consistently shown that clinical precursors of ASPD include
ADHD and more notably comorbid ADHD and CD (Retz et al., 2009; von Polier et al.,
2012; Storebg & Simonsen 2016). Further, children with severe ADHD symptomatology
and comorbid antisocial behavior are at heightened risk for the development of antisocial
behavior and substance use in adolescence (Marshal & Molina, 2006).

Less is known, however, about the biological factors that underlie the progression from
childhood disruptive behaviors to antisocial behaviors in adolescence and adulthood.
Multiple animal studies have suggested a link between abnormalities in serotonergic
function and impulsive and/or aggressive behaviors (Sijbesman et al., 1991; Holmes et al.,
2002; Veenema et al., 2005; de Boer et al., 2005). Accordingly, serotonergic dysregulation
has been documented in human studies of impulsive aggression, with findings pointing to
negative correlations of serotonergic activity in patients with borderline (Soloff et al., 2003)
and antisocial personality disorders (Moore et al., 2002), intermittent explosive disorder
(Coccaro et al., 2010), as well as in individuals with impulsive aggression and suicidal
behaviors (New et al., 2004) or with comorbid substance use disorders (Sher et al., 2008).
Thus serotonergic abnormalities have been linked to both categorical (e.g. personality
disorder diagnoses) and dimensional (e.g. aggression, impulsivity, hostility) features of adult
psychopathology, even in nonpatient samples (Manuck et al., 1998). These findings raise the
question of whether aggression in childhood might be associated with similar serotonergic
findings, or whether low serotonergic reactivity in childhood might be a precursor to later
aggression. However, the relation between serotonergic dysregulation in children and
aggression has remained uncertain, with studies showing both positive (Halperin et al., 1994;
Pine et al., 1997) and negative (Kruesi et al., 1990, 1992; Halperin et al., 1997a, 1997b)
associations between measures of serotonergic function and aggression in youth with
disruptive behavior disorders. Yet, the number of studies to date is few, and almost all are
cross-sectional in nature. Consequently, the question of whether the presence of serotonergic
dysfunction in early life is associated with the development of later psychopathology
remains largely unanswered. This premise can only be addressed by early in life assessment
of serotonergic function and subsequent longitudinal follow-up.

Two reports from our group provide initial evidence for a longitudinal relation between
childhood serotonergic function and adolescent outcomes. We used the fenfluramine (FEN)
challenge test, which has been shown to produce reliable patterns of prolactin (PRL) and
cortisol (CORT) release, as an indirect measure of central serotonin reactivity (Stoff et al.,
1992a). In addition to findings of associations between serotonin response and aggression
measures in cross-sectional studies (Halperin et al., 1994, 1997a, 1997b) there also were
associations with longitudinal course. Halperin et al (2006) reported that elevated PRL
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response to FEN (i.e. elevated serotonin function) in childhood (e.g. ages 7-11) may be a
protective factor for adolescent aggression. Subsequently, Flory et al. (2007) found that
adolescents ages 16—-21 who met criteria for ASPD had significantly lower PRL response to
FEN challenge in childhood as compared to those without ASPD at outcome. In contrast, a
multicenter study of 448 adult ADHD patients and 580 controls from Norway failed to
demonstrate support for any major role of serotonin function, measured by variances of the
serotonin transporter gene, in persistent ADHD (Landaas et al., 2010). Taken together, these
reports provide a possible link between low serotonergic reactivity in childhood and
aggressive or psychopathology in adolescents and young adults.

In this study, we evaluated the longitudinal relationships between serotonergic function in
children with ADHD and ASPD diagnosis in early adulthood. We hypothesized that lower
serotonergic responsivity in childhood would predict the development of ASPD at 15-year
follow-up, but it would not predict the persistence of ADHD (Landaas et al., 2010) —
indicating the relative independence of the two conditions. We also aimed to evaluate if the
purported association between low serotonergic responsivity in childhood (in a cohort of
youth with ADHD and/or disruptive behavior) and adult ASPD may exclusively be
accounted for by those children with comorbid ADHD + CD, and to examine for possible
moderating effects of these conditions for the development of ASPD. Lastly, we examined
patterns of central serotonin function in childhood between individuals with adolescent vs.
adult onset ASPD.

Experimental Procedures

Overview

The sample was originally recruited between 1990 — 1997 for studies funded by the National
Institute of Mental Health (Halperin et al., 2003) to examine relations between central
serotonergic function and aggression in children with ADHD. Children were classified into
either of two groups: Aggressive and Non-aggressive ADHD (Based upon parent and
teacher ratings of physical aggression), and all children received the fenfluramine challenge
to assess central serotonergic function. All participants were 7-11 years-old at the time of
recruitment and the sample was racially and ethnically diverse. The group was primarily of
lower to low-middle SES, with a large portion at the poverty level. All participants were
English-speaking. Children were primarily referred by school personnel and mental health
providers, and as part of the study, children obtained a comprehensive, multi-method, multi -
informant assessment. The sample was rated as having significant behavior problems by
both parents and teachers. Those recruited prior to 1994 were diagnosed using DSM-I111-R
criteria and tested using the Wechsler Intelligence Scale for Children-Revised edition
(WISC-R; Wechsler, 1974); those recruited after 1994 were evaluated using DSM-IV criteria
and the Wechsler Intelligence Scale for Children-Third edition (WISC-I11; Wechsler, 1991).
Diagnoses were determined using the Diagnostic Interview Schedule for Children (DISC;
Shaffer et al., 1996), which was administered to parents. A diagnosis of schizophrenia,
pervasive developmental disorder, Tourette’s syndrome, or Full Scale 1Q (FSIQ) below 70
was exclusionary.
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This sample was re-evaluated 9.4 years (s.d.=1.9) after the baseline assessment (ages 16 — 21
years; Halperin et al., 2006) and then again as adults 15.58 years (s.d.=2.17) after the
baseline assessment (ages 21 — 25 years), at which time they received a clinical evaluation
along with fMRI (Clerkin et al., 2013). Fifty eight participants took part in the second wave
assessment, which included interviews from participants and other informants (e.g. parents)
for the identification of Axis Il psychopathology. The third wave follow-up was conducted
between 2006 and 2011 and included interviews with participants to identify adult DSM-I1V
Axis | and Axis Il psychopathology. The third wave of assessments was conducted only in a
subset of adult participants from the original sample who were available for assessment and
eligible to participate in a magnetic resonance imaging study (Clerkin et al., 2013). The
adult evaluation provided the outcome measures for the current study. This current study
examined the relation between measures from the adult assessment and the childhood
measures of central serotonin response and is the first study to do so.

The current report is therefore based on data from a subsample of 40 adults who completed
the FEN challenge in childhood and were assessed at the third follow-up. This third follow-
up sample represents 63% of the number of participants who completed the second wave
follow-up by February 2005 and 36% of the original sample.

Demographics—~Participants (n=40) were recruited at ages 7-11 (m- 9.36; sd-1.36), had a
mean Full Scale 1Q of 97.07 (SD = 12.54), were generally of lower - to lower - middle
socioeconomic status (SES; Nakao & Treas, 1994), and predominantly male (M-37, F-3)
aged 23-26 years (m-24.57, sd-2.33). This sample was divided into 2 groups based on adult
status: 21 with and 19 without ASPD. Seven participants who completed the second wave
adolescent follow-up and were diagnosed with ASPD at that time were not available for
assessment because they were either incarcerated (n=4) or deceased (n=3). The 4 individuals
who were incarcerated were included in the analyses since, based on prior assessments and
their current situation, they likely would have met the diagnostic criteria for ASPD.

Clinical evaluation—During the baseline evaluation children were screened using teacher
reports on the IOWA Conners’ Teacher Rating Scale (Loney & Milich, 1982) and parent
reports on the Child Behavior Checklist (CBCL; Achenbach, 1991); parents were also
interviewed with the Diagnostic Interview Schedule for Children (DISC). Aggression scores
were derived from the IOWA Conners’ Teacher Rating Scale. All participants in the current
sample received a diagnosis of ADHD in childhood as per DSM-I11-R; additionally, 20
participants were diagnosed with ODD and 12 with CD. During the adult follow-up, all
participants were administered the Structured Clinical Interview for DSM-IV Axis | (SCID-
I; First et al., 1996) and Axis Il Personality Disorders (SCID-II; First et al., 1997). In
addition, ADHD diagnosis was assessed using a semi-structured interview comprised of the
18 DSM-1V ADHD symptoms. Prompts for the interview were adapted from the Schedule
for Affective Disorders and Schizophrenia for School-Age Children (Kaufman et al., 1997
and the Conners’ Adult ADHD Diagnostic Interview for DSM-1V (Epstein et al., 2001). The
adapted interview demonstrated strong internal consistency in our sample (alpha=0.92). In
addition, Conners’ Adult ADHD rating Scale (CAARS; Conners et al., 1999) was
administered to both the proband and another informant. In the case of ASPD, a prior
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diagnosis of CD was a requirement at the time of the assessment; in our study interviewers
were blind to baseline data, including whether children had been given a diagnosis of CD
during the baseline study. Participants were asked about prior diagnosis if CD and that
information was used to established diagnoses at the time of the third follow up. Signed
informed consent was obtained from all participants or parents at all three time points. The
protocols were approved by the Institutional Review Boards at City University of New York
and the Mount Sinai School of Medicine.

Serotonergic Function.—FEN is a known sympathomimetic agent that releases and
blocks the re-uptake of central stores of 5-HT (Rowland & Carlton, 1986). The
administration of FEN leads to an increase in plasma CORT and PRL (Muhbauer & Muller-
Oerlinghausen, 1985; Stoff et al., 1992b), and the magnitude of the CORT and PRL
responses is considered to reflect overall 5-HT responsivity in the hypothalamic-pituitary
axis (Fuller, 1992; Coccaro, 1989). Central serotonergic function was assessed by measuring
the CORT and PRL responses to an acute dose of FEN. Details about the FEN test are
presented elsewhere (Flory et al., 2007). In short, participants did not take medication for 7
days and followed a low monoamine diet for 3 days prior to the challenge; they reported to
the laboratory at 08.00 h after fasting overnight. We collected two baseline blood samples
drawn 10 min apart at 09.45h and 09.55h from an indwelling catheter inserted into a forearm
vein. At 10.00h, a 1mg/kg dose of d,I-fenfluramine hydrochloride was administered orally.
Blood samples were drawn 60, 120, 180, 240 and 300min later for determination of plasma
PRL, CORT, FEN and norfenfluramine (NORFEN) concentrations. Participants remained
awake and fasting during the entire procedure, reclining in a bed and watching videotapes.
Videos with violent and/or emotionally-charged content were excluded. We allowed the
participants to select a few videos since the procedure was lengthy (7 hrs total) and extended
the length of a single film. The procedure of collecting the blood sample for indirect
measures of central serotonin function was conducted at baseline when participants were
aged 7-11 years old.

Samples were processed by well-established procedures (Halperin yet al., 1994). In brief,
samples were placed on ice prior to centrifugation (within 2 h); then CORT and PRL
samples were frozen at —80C until assayed by radioimmunoassay (Kahn et al., 1994). Post-
medication samples of plasma FEN and NORFEN were obtained hourly and were stored at
—-20°C until assayed by gas chromatography with electrical detection (Krebs et al., 1984).

Statistical analyses

Baseline CORT and PRL levels were calculated as the mean of two blood samples collected
prior to the administration of FEN, and area under the curve (AUC) for both PRL and CORT
was calculated using trapezoidal integration (Pruessner et al., 2003). Thus the calculated
AUC for PRL and CORT (e.g. PRLAUC and CORTAUC) served as indicators of serotonin
responsiveness. Both PRLAUC and CORTAUC were log-transformed prior to analyses to
normalize the distributions. We used median split of PRLAUC and CORTAUC to define
Low and High responsiveness groups (e.g. LowPRLAUC = 1; HighPRLAUC =0 and
LowCORTAUC = 1, HighCORTAUC = 0). These groups were used as predictors in a
logistic regression model. We chose to include IOWA aggression score in childhood instead

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ivanov et al. Page 6

of childhood diagnosis of CD since CD was a requirement for later ASPD, as described
above. Additional variables included maximum drug levels for FEN (MAXFEN) and
NFEN(MAXNFEN) and socio-economic status (i.e. a known predictor of ASPD
(Dohrenwend et al, 1992; Piotrowska et al., 2015). Baseline measures for both PRL and
CORT were not included in the regressions since these were not significantly different
between participants with and without ASPD. The 3 female participants, all of whom were
in the NO-ASPD group were excluded from the analyses.

Post hoc analyses included independent sample t-tests to compare differences in PRL and
CORT response at different time points of the experiment for participants with no ASPD,
those with adolescent + adult ASPD, and those with adult ASPD only. Correlational
analyses included Pearson’s correlations between serotonin responsiveness, childhood
measures of aggression, delinquency and externalizing problems (CBCL scores), and adult
ADHD symptoms and point-biserial correlations between those measures and ASPD
diagnosis. Due to the finding of significantly higher PRL response in females, post hoc
analyses were conducted in males only.

The hypothesis that lower serotonergic responsiveness would predict the development of
ASPD was evaluated using logistic regression. We also performed linear regression analyses
to investigate if serotonergic response in childhood may predict the persistence of ADHD in
early adulthood, as indexed by scores on the CAARS.

Results

Descriptive and clinical features.

Twenty one of the 40 participants (52.5%) met criteria for ASPD; of these, 11 were
diagnosed with ASPD during the second follow up and had the diagnosis confirmed at the
third follow-up; another 10 participants were newly diagnosed with ASPD for the first time
as adults. Fourteen participants met criteria for persistent ADHD in adulthood, 4 of these
were in the No ASPD group (21%) and 10 were in the ASPD group (47%). Twenty six
participants did not meet criteria for ADHD in adulthood. Similar to the original sample, the
cohort was ethnically diverse; 9 participants self-identified as African-American, 11 as
Caucasian, 17 as Hispanic and 3 as mixed ethnic background (Table 1). In addition, we
compared the participants in the current study (n=40) to the rest of the participants from the
original sample (n=70) on number of characteristics including age, FSIQ, sex, comorbid
ODD/CD, as well as scores of inattention, delinquency, aggression, internalizing and
externalizing problems. The two samples showed no significant differences on any of these
measures (all p<0.05) thus suggesting that the follow up sample was fairly representative of
the original cohort despite attritions.

The ASPD group was comprised of males only; the No ASPD group had 3 females. Female
participants without ASPD showed a significantly higher prolactin response during the FEN
challenge compared to male participants without ASPD (F=27.86, df - 1/17, p=.001) and all
male participants (F=38.23, df —1/38, p=.001); there were no differences in the CORT
measures between male and female participants.
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Relation to ASPD, aggression and ADHD with measures of serotonergic reactivity.

Two sets of step-wise logistic regressions, with ASPD as the dependent variable, were
conducted. Regression 1, which included the variables for Low and High CORTAUC group
as predictors showed that the participants who were in the Low CORTAUC group (i.e.
participants with low serotonergic response) were significantly more likely to develop ASPD
in early adulthood (Wald=4.427, p=.035; OR = 6.746 (Cl 95% = 1.140; 39.933)). SES
approached significance as an additional predictor (Wald=3.059, p=.080). Regression 2,
which included Low and High PRLAUC group as a predictor, showed that none of predictor
variables was significantly correlated with adult ASPD (Table 2). Unadjusted PRL and
CORT levels throughout the 5h challenge are shown in Fig. 1. One way ANOVA with post
hoc t-tests, conducted in male participants only, who were divided into No ASPD,
adolescent+ adult ASPD and adult ASPD only, showed that the No ASPD group had the
highest CORT and PRL response and the adolescent + adult ASPD group had the lowest
response. This difference was significant for PRL response at 240min (t=2.155, df=28,
p=0.04). For CORT response there were significant differences at 60min (t=2.065, df=28,
p=0.048) and 240 min (t=2.171, df=28, p=0.039). The patterns of response are illustrated in
Figure 2.

Adult ASPD diagnosis was positively correlated with childhood CBCL scores for
delinquency (r=.46, p =.013) and externalizing behaviors (r=.39, p=.037), suggesting that
youth with higher scores on scales measuring disruptive behavior were more likely to
develop ASPD. ASPD diagnosis showed significant inverse correlations with CORTAUC (r=
-.34, p=.041), which supports the contention that low serotonergic function in childhood,
assessed by CORT response, is linked to adult ASPD.

Logistic regressions, which included ADHD diagnosis as the dependent variable, showed
that neither PRL (Wald =.364, p=.546) nor CORT (Wald =.189, p=.663) significantly
predicted ADHD diagnosis in early adulthood, further suggesting that serotonergic function
may be more relevant to aggression in the context of antisocial behavior and less so in
relation to persistence of ADHD (Table 3). No significant correlations were detected
between ADHD symptoms in adulthood and ASPD diagnosis.

Discussion

The main finding from this study is that lower serotonergic function measured by CORT
response to FEN challenge in childhood predicted the development of ASPD in adults with a
history of childhood ADHD. In contrast, PRL response to FEN, as an alternative measure of
central serotonin response, failed to significantly predict the development of adult ASPD —
possibly because it was confounded by a strong sex effect. Serotonergic response in
childhood did not predict persistence of ADHD symptoms in adulthood.

The relation of disruptive behavior disorders in children and subsequent ASPD has been
evaluated in a number of longitudinal studies. A recent review (Storebo & Simonsen, 2016)
of 18 prospective studies (n=5,501) reported that childhood ADHD with and without CD is a
strong risk factor for later ASPD, and that impulsivity in ADHD may be an independent
predictor for the later development of ASPD. One prospective study, in a cohort of 135

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ivanov et al.

Page 8

Caucasian males and 136 matched controls, showed that children diagnosed with ADHD at a
mean age of 8 years had a significantly higher prevalence of ASPD (16% vs. 0% for
controls) in adulthood 33 years later, despite the fact that CD was an exclusionary criterion
for the original childhood study (Klein et al., 2012). Another longitudinal report (i.e. follow
up from ages 7 to 22) in a cohort of 101 participants with ADHD documented personality
disorder of any kind in 33% (i.e. ASPD being most commonly diagnosed) compared to 7%
in their control group (Rasmussen & Gillberg, 2000). Of importance is that the recruitment
of our original sample was focused on children with ADHD and was oversampled for
individuals who were physically aggressive. As a result childhood CD was present in 34.8%
(39/112) of the original sample and in 33.3% (e.g. 12/40) of the current sample. Some have
considered that the persistence of ADHD symptoms might be a contributing factor for the
development of adult ASPD — however, that was not the case in the Klein et al. study. In our
sample, only about half of the participants with ASPD had persistent ADHD in adulthood
(e.g. 10/21). Together, the findings indicate that ADHD and CD in childhood are both linked
to increased risk for ASPD in late adolescence and early adulthood, and that the persistence
of ADHD symptoms may contribute to the development of ASPD, but this is not a necessary
factor for this trajectory. The high rates of ASPD in our sample seem also to reflect
characteristics of the initial recruitment

While serotonergic response to FEN challenge has been well examined independently in
both aggressive youths (Kriesi et al., 1900, 1992; Halperin et al., 1994, 1997a, 1997b, 2003;
Pine et al., 1997; Soloff et al., 2000) and in adults with impulsive aggression and personality
disorders (Coccaro et al., 1989a, 1989b; Dolan net al., 2002, 2003; Best et al., 2002) in cross
sectional studies there is dearth of evidence regarding any possible link between serotonergic
response in childhood and subsequent psychopathology in adolescence and/or adulthood.
One report from our group shows evidence suggesting that low serotonergic adolescents
with ASPD exhibited significantly lower serotonergic response to FEN in childhood in
comparison to adolescents without ASPD (Flory et al. 2007). Consistent with those results,
here we demonstrate that low serotonergic response in childhood indexed by CORT release
significantly predicted the development of ASPD in early adulthood and that individuals
who developed ASPD in adolescence tended to exhibit lower serotonergic responsivity
compared to both individuals who developed ASPD in young adulthood and individuals who
did not develop ASPD (Fig 2). Further we found significant positive correlations between
both childhood delinquency and ratings of externalizing behaviors and adult ASPD, as well
as significant negative correlations between serotonergic response measured by CORT
response to FEN and adult ASPD. The findings from the current report add to our previous
work by providing evidence of the relation between serotonergic function in childhood and
adult psychopathology and support the assertion that individuals with the lowest
serotonergic response in childhood might be the ones at greatest risk to develop early onset
of ASPD symptoms (e.g. adolescence vs. adulthood).

Our finding of a link between a childhood biomarker and the development of ASPD 15 years
later in youth with ADHD has considerable heuristic value and potentially important clinical
implications as well. Compelling evidence suggests that a high level of childhood aggression
(Lussier et al., 2012) that is stable over development, particularly in boys (Lopez-Romero et

al., 2015)5, predicts adult antisocial personality traits. Others have shown that a measure of
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cognitive control might moderate the development of antisocial trait behavior, with high
cognitive control serving as a protective factor (Hawes et al., 2016). Therefore, it stands to
reason that a group at high risk for ASPD will consist of young boys with ADHD and
comorbid CD (alternatively, with high aggression) who also have low serotonergic function
and perhaps deficits in cognitive control. Although the use of FEN challenge is not clinically
feasible, new technologies offer the potential for less invasive and possibly equally accurate
ways to measure serotonergic activity using genetic markers such as serotonin transporter,
serotonin receptor 2A and tryptophan hydroxylase genes (Huang et al., 2015). As such, early
identification of children at greatest risk for antisocial outcomes could facilitate the
development of and placements in early intervention programs. Further, emerging reports
show that individuals with different genetic polymorphisms may respond differently to
agents that affect serotonergic activity in the central nervous system, and this might be a
direction for future research. For instance, one report suggests that patients with personality
disorders and impulsive aggression, who also carry the I/l allele of the 5-HTTLPR gene,
responded better to fluoxetine than patients carrying an s allele (Silva et al., 2010). Similarly,
others have documented preferential antidepressant response to citalopram in individuals
with polymorphism of the tryptophan hydroxylase-1 gene A218C (Ham et al., 2007). This
emerging evidence further suggests that genotyping markers of serotonergic function might
be potentially useful to identify individuals who are 1) at high risk to exhibit impulsive
aggression and possibly develop ASPD and 2) are likely to respond to serotonergic agents.

Limitations

There are several limitations that need to be considered. First, the third follow-up did not
include all participants from the initial cohort, but only on those who were available and able
to complete a neuroimaging protocol. The attrition rate negatively affected the power to
detect differences in serotonergic response between those with and without ASPD. In
addition we demonstrate that the follow up sample did not differ from the rest of the original
sample in any of the key characteristics. Further, the sample was predominantly male and the
low number of female participants prevented us from conducting more definitive analyses in
relation to gender effects on serotonergic function. We did not collect DNA samples at
baseline which would have allowed us to investigate additional hypothesis related to whether
genetic markers of the serotonergic system may predict later in life ASPD. Lastly, FEN was
withdrawn from the market in 1997 due to safety concerns when used together with
phentermine, which precluded us from conducting similar physiological assessments at
follow-up.

Conclusions

This report provides new evidence of the link between low serotonergic functioning in
childhood and adult psychopathology, particularly regarding the development of ASPD. This
link appears to be prominent in boys diagnosed with ADHD who may also have comorbid
CD and/or high aggression. Assessing serotonergic function in youth with ADHD and
disruptive behavior disorders may represent a useful approach to identifying those at highest
risk for later ASPD.
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CORT and PRL response for participants with (red line) and without (blue line) ASPD
Legend: CORT - cortisol; PRL — prolactin; ASPD - antisocial personality disorder
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Prolactin response in male participants with No ASPD (blue line, n=19) Adult ASPD only
(red line, n=10) and Adolescent ASPD (green line, n=11).

*indicate significant differences in CORT and PRL levels between No ASPD and
Adolescent ASPD participants at p< .05.

Legend: CORT - cortisol; PRL — prolactin; ASPD - antisocial personality disorder
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Demographics

Variables ASPD n=21 No ASPDn=19 | P
Childhood

BFSIQ 92.14 (+12.92) | 102,52 (+9.77) | 0.007
ESES 29.85 (+14.08) | 36.84 (+x18.25) | 0.18
EDx ODD 9 12 0.17
HDx CD 10 2 0.012
Adulthood

CAARS-total 50.06 (+13.08) | 52.47 (+13.37) | 0.19
ADHD persist 10 4

ADHD remit 11 15

ASPD —adolesc | 11 0

ASPD- adult 10 0

WSex M=21/F=0 M=16/ F=3

Abbreviations: FSIQ — full scale 1Q; SES - socio-economic status; ODD — oppositional defiant disorder; CD — conduct disorder;

CAARS - Connors’ adult ADHD rating scale; ADHD — attention deficit hyperactivity disorder; ASPD — antisocial personality disorder;

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2019 December 01.
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Comparison of demographic variables between the third wave sample and the rest of the original sample

ny downing on

Table 2.

Variables Original sample Mean /SD (N=72) | Follow up sample Mean/SD (N=40) | P values
Age 8.9/1.2 9.3/1.4 .080
CBCL Aggression 71.1/13.3 72.9/135 497
CBCL Delinquency 68.9/8.6 67.1/9.7 .366
CBCL Attention 73.3/9.8 722/9.1 .538
CBCL Externalizing 69.7/ 10.4 70.2/10.3 .802
CBCL Internalizing 65.9/10.3 64.4/13.2 578
IOWA Aggression 7.9/4.7 8.2/4.5 747
FSIQ 93.8/13.3 97.7/12.6 135
SES 32.5/15.1 33.1/16.3 .838
Sex M=62, F= 10 M=37, F=3 .245
ODD Yes=60, No=12 Yes=32,No=8 421
CD Yes=27, No= 45 Yes=12, No=28 279
Race/Ethnicity AA-23, W- 14, H-27, Other - 8 AA-9, W-11, H -17, Other-3 .258

Page 17

Abbreviations: CBCL — child behavioral check list; FSIQ — full scale 1Q; SES — socio-economic status; ODD — oppositional defiant disorder; CD —

conduct disorder;
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Table 3.

Page 18

Results from logistic regression showing that low serotonergic response in childhood (i.e. indexed by dividing
participants in Low and High CORT groups via median split) was a significant predictor of ASPD diagnosis in

adulthood.
Variables | B | Wald | P | OR | C1 95% Upper/Lower
Regression 1
MaxFEN -.028 811 368 | .972 .914, 1.034
MaxNFEN .047 .606 436 | 1.048 .932,1.178
SES -.053 3.059 | .080 | .948 .893, 1.006
Sex -20.280 | .000 .999 | .000 .000
IOWA AGG .085 739 .390 | 1.088 .897,1.321
L/H CORT -1.909 | 4.427 | .035 | 6.746 .025, .877
Regression 2
MaxFEN -.003 .006 937 | .997 .936, 1.062
MaxNFEN .009 .023 .880 | 1.009 .903, 1.127
SES -.038 1.838 | .175 | .963 912, 1.017
Sex -20.613 | .000 999 | .000 .000
IOWA AGG 155 2.184 | .139 | 1.167 .951, 1.433
L/H PRL -1.395 | 1.823 | .177 | 4.034 .033, 1.878

Dependent variable — ASPD diagnosis in adulthood

Abbreviations: MaxFEN — maximal fenfluramin level: MaxNORFEN — maximal norfenfluramin level; SES — socioeconomic status; IOWA AGG —
scores on the IOWA Aggression scale; L/H CORT - low/ high cortisol groups; L/H PRL — low/high prolactin groups; CORTAUC - cortisol area

under the curve; PRLAUC - prolactin area under the curve
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Table 4.

Results from logistic regression showing that serotonergic response in childhood (i.e. indexed by dividing
participants in Low and High CORT and Low and High PRL groups via median split) was NOT a significant
predictor of ADHD diagnosis in adulthood.

Variables | B | Wald | P | OR |CI95%Upper/Lower

Regression 1

MaxFEN .033 .385 .535 | 1.033 932, 1.146
MaxNFEN -.194 1.973 | .160 | .824 .629, 1.079
SES -.141 2121 | .145 | .869 .719, 1.050
IOWA AGG 422 3.128 | .077 | 1.525 .955, 2.435
L/H CORT -.771 .189 .663 | .462 .014, 14.914

Regression 2

MaxFEN .048 525 469 | 1.050 921, 1.196
MaxNFEN -.162 .1.943 | .163 | .850 .677,1.068
SES -.129 1.828 | .176 | .879 .729, 1.060
IOWA AGG .397 3.636 | .057 | 1.487 .989, 2.236
L/H PRL 1.081 .364 .546 | 2.949 .088, 98.771

Abbreviations: MaxFEN — maximal fenfluramin level: MaxNORFEN — maximal norfenfluramin level; SES — socioeconomic status; IOWA AGG —
scores on the IOWA Aggression scale; L/H CORT - low/ high cortisol groups; L/H PRL — low/high prolactin groups; CORTAUC - cortisol area
under the curve; PRLAUC - prolactin area under the curve
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