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Abstract

Purpose—This study examined the associations of free testosterone and family environment with
delinquent and aggressive behaviors among adolescent boys and girls with elevated low-density
lipoprotein (LDL)-cholesterol levels.

Methods—~Participants were 164 boys and 180 girls (ages 11-14 years). The female parent provided
ratings of family cohesion and child aggressive and delinquent behaviors. Tanner ratings of pubertal
development were obtained during physical examination, and a blood sample was drawn for
assessment of serum levels of free testosterone.

Results—Hierarchical regression analyses revealed significant two-way interactions of free
testosterone and family cohesion on delinquent behaviors among adolescent boys and girls.
Specifically, under conditions of low family cohesion, free testosterone was positively associated
with delinquent behaviors among boys, whereas no association between free testosterone and
delinquent behavior was observed in families with high cohesion. In contrast, free testosterone was
negatively associated with delinquent behaviors among adolescent girls in low cohesion families.
For girls, family cohesion was negatively associated with aggressive behaviors; for boys, LDL-C
was positively associated with aggressive behaviors.

Conclusions—Child gender and family environment factors appear to modify the associations
between free testosterone and delinquent behaviors in adolescent boys and girls.

Correspondence concerning this article should be sent to: Carolyn Fang, Ph.D., Fox Chase Cancer Center, 510 Township Line Road,
Cheltenham, PA 19012, Tel: 215-728-4062, Fax: 215-214-2178, Email: E-mail: carolyn.fang@fccc.edu.
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Developing a greater understanding of the various factors that contribute to adolescent
behavioral outcomes has been of extensive interest to clinicians and researchers. Many such
studies have focused on factors that are influenced by puberty, as this represents a period of
considerable biological and social change [1]. During puberty, secretion of androgens increases
significantly as sexual maturation progresses. Boys and girls differ dramatically in the
production of several key hormones, particularly testosterone, as adolescent girls and adult
women produce far less testosterone than adolescent boys and adult men do. Testosterone,
which is the most abundant active androgen and is distributed widely throughout the body
including the central nervous system [2], has been associated with a variety of behaviors
including antisocial behavior, aggression, and delinquency [3-5].

Empirical evidence generally supports a positive association between high levels of
testosterone and aggressive and delinquent behaviors among boys [3,5]. Specifically, high
levels of testosterone were positively associated with aggressive and delinquent behaviors
[3] and greater attention problems [6], although one early study reported no association between
testosterone and aggressive behavior among boys [7].

Less is known, however, about the association between testosterone and behavioral problems
among adolescent girls. In one study, girls who displayed symptoms of aggressive conduct
disorder had significantly higher mean free testosterone than girls with non-aggressive conduct
disorder [4]. However, adolescent girls with conduct disorder did not differ from girls without
any psychiatric disorder on testosterone levels, and no association was observed generally
between aggression and mean free testosterone levels [4]. The absence of an association
between aggression and testosterone is consistent with the few studies that have been
conducted, which have reported no direct association between absolute testosterone levels and
aggression or delinquency among adolescent girls [6,7]. Because testosterone levels follow a
diurnal pattern, with the highest levels in the morning followed by declining levels throughout
the remainder of the day and evening, one study assessed the association between diurnal
variation in testosterone and behavioral problems [6]. Results from that study indicated that
steeper declines in testosterone levels during the day were related to more disruptive behavior
problems among girls [6].

The somewhat inconsistent findings reported between testosterone and behavioral problems
may be due, in part, to the contribution of external factors that influence adolescent adjustment.
The biological changes that arise during puberty do not take place in a social void, but rather
occur in the context of socioemotional environments that can either exacerbate or attenuate the
effects of biological influences. Indeed, a number of studies have documented the contribution
of family factors to adolescent behavioral outcomes [8].

The role of family environment

Social factors, such as the quality of familial relationships or the general social environment
of the family, have been shown to be highly correlated with a child’s vulnerability to delinquent
behavior [9]. High levels of family cohesion are protective against behavioral problems [8]
and moderated the use of aggressive tactics during conflict [10], further illustrating the
relevance of family relationships for adolescent behaviors.

While the singular effects of family environment and pubertal maturation on adolescent
outcomes have been widely investigated, few studies have examined their potential interactive
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effects, even though empirical data support using such a biosocial approach [11,12]. For
example, Booth and colleagues found that the quality of the child-parent relationship
moderated the association of testosterone with risk behaviors [12]. Among adolescent boys,
testosterone was not significantly associated with outcomes when the quality of the parent-
child relationship was high. As the quality of the parent-child relationship decreased, however,
associations between testosterone and risk behaviors emerged [12]. Likewise, the quality of
the child-parent relationship also moderated the testosterone-behavior relationship for girls, as
low testosterone was associated with more risky behaviors (e.g., delinquency, substance use)
but only among girls with poor quality mother-child relations. The inverse association between
testosterone and risk behaviors observed among girls was attributed to the role of gender
socialization and other societal factors that discourage such behaviors among girls [12]. Indeed,
gender differences in the development of delinquent activities during adolescence is a well-
established finding [13].

Thus, the primary purpose of the present study was to utilize a biosocial approach to investigate
associations between testosterone and family environment with behavioral outcomes (i.e.
delinquent and aggressive behaviors) among adolescent boys and girls identified as having
unfavorable serum cholesterol profiles. These outcomes may be particularly relevant in this
population given that some previous studies have reported positive relations between
cholesterol and aggression [14]. Thus, based on prior empirical studies, it is hypothesized that
under conditions of low family cohesion, testosterone will be positively associated with
behavioral problems among adolescent boys. Among adolescent girls, it is hypothesized that
an inverse association between testosterone and behavioral problems will be observed, but only
under conditions of low family cohesion. In an environment of high family cohesion, it is
hypothesized that associations between testosterone and adolescent adjustment will be less
evident.

Participants were 164 boys and 180 girls enrolled in a multi-center Dietary Intervention Study
in Children (DISC). The design and results of this randomized, controlled clinical trial have
been published elsewhere [15]. Informed consent was obtained from study participants and
their parents prior to enrollment in the study. In brief, children with elevated low-density
lipoprotein (LDL)-cholesterol were randomly assigned to receive usual care or a dietary
intervention to reduce total fat and saturated fat intake [15]. Children were recruited at six
clinical centers: Children’s Hospital, New Orleans, LA; Johns Hopkins University Hospital,
Baltimore, MD; Kaiser Permanente Center for Health Research, Portland, OR; University of
Medicine and Dentistry of New Jersey, Newark, NJ; Northwestern University Medical School,
Chicago, IL; and University of lowa Hospital and Clinics, lowa City, IA. Data for the present
analyses were drawn from the children’s third annual visit (i.e. 3 years following baseline) at
which time all key psychosocial, hormonal, and serum lipid measurements were assessed. The
children were, on average, 12.6 years of age (SD = 0.72; range = 11 to 14), with a mean body
mass index (BMI) of 20.01 (SD = 3.47). Eighty-two percent of participants were non-Hispanic
white, 9% were African American, 6% were Hispanic/Latino, and 2% were Asian.

Demographic information—Demographic information, including child age, race and
ethnicity, was obtained from the child’s parent or guardian. Parental education level and income
level were assessed.
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Pubertal development—Pubertal development was assessed by trained examiners during
physical examinations. Using a standardized protocol based on the Tanner method [16], breast
and pubic hair development were assessed among girls, and menarcheal age was determined.
For boys, genital and pubic hair development were evaluated and testicular volume was
measured using orchidometers.

Delinquent and aggressive behaviors—Delinquent and aggressive behaviors were
assessed using the Delinquent Behavior and Aggressive Behavior subscales of the Child
Behavior Checklist (CBCL)[17], which was completed by the female parent or guardian. The
parent or guardian was asked to rate the degree to which various child behaviors had occurred
in the past 6 months. Ratings ranged from 0 (not true), 1 (somewhat or sometimes true), to 2
(very true or often true). The age-standardized scores (T scores) for the Delinquent Behavior
and Aggressive Behavior scales were computed and can be used to compare with scores
obtained from normative samples. Given that T scores are not truncated, it has been
recommended to use T scores in statistical analyses of these scales [17].

Family cohesion—Family cohesion was rated by the female parent or guardian using the
cohesion subscale of the Family Environment Scale (FES) [18]. The cohesion subscale consists
of 9 items designed to measure the degree of commitment and support family members provide
for one another. Each item is rated as “True” or “False” by the respondent. Responses are
summed to create the raw score, which is then converted to a standard score using the scale’s
conversion table [18]. The content, construct, and predictive validity of this instrument have
been demonstrated across a number of studies [18].

Free testosterone—Total testosterone concentrations were determined by
radioimmunoassay (RIA) using a modification of the procedure developed by Furuyama and
colleagues [19]. Serum samples were extracted with hexane:ethyl acetate, 90:10 (vol/vol), and
the extracts were applied to aluminum oxide micro columns. The columns were washed with
hexane containing 0.55% ethanol, and testosterone was specifically eluted using hexane
containing 1.4% ethanol. Testosterone in eluates was quantified in duplicate by RIA using
antiserum raised to a testosterone-3-oxime-BSA conjugate. Testosterone -1,2,6,7-[3H] was
obtained from New England Nuclear-Dupont (now PerkinElmer Life and Analytical Sciences,
Inc., Waltham, MA). The limit of sensitivity was 3.0 ng/dl.

Levels of free testosterone were then calculated using the methods of Sodergard and colleagues
[20] and Vermeulen and colleagues [21] as detailed by Rinaldi and colleagues [22]. Levels of
free testosterone are reported in ng/dL. For girls, we used the two equation model [22] to
estimate free testosterone from total assay measures of estradiol, total testosterone, sex
hormone-binding globulin concentration (SHBG), and albumin concentration. For boys, we
used the three equation model [22] for calculation of free testosterone because levels of three
relevant hormones (°alpha-dihydrotestosterone or DHT, estradiol, and total testosterone) were
available for boys [22]. DHT levels in girls are generally very low and were not assessed among
the girls in the present study. SHBG was measured using an immunoradiometric assay (IRMA)
developed at Esoterix, Inc. (Calabasas Hills, CA). The sensitivity of the IRMA assay was 10
nmol/L and intra-and inter-assay precision was high.

Measurement of serum lipids—In light of empirical data suggesting that serum
cholesterol levels may be positively associated with aggression [14] in adults and adolescents,
we included serum lipid levels in the multivariate analyses. Two fasting venipunctures for
serum lipids were drawn for the assessment of total cholesterol, HDL-C, and LDL-C as
previously described [15]. For each measure (total cholesterol, HDL-C, and LDL-C), the
average of the two assessments was used in analyses.
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Data were collected by trained staff who were masked to the participants’ treatment assignment.
During a scheduled clinic visit, the height and weight of each participant was measured and
used to calculate body mass index (BMI; weight [in kg] divided by height? [in m]). Each
participant then underwent a brief physical examination that included Tanner staging. The
female parent was asked to complete the FES and CBCL while waiting during the child’s
examination. Blood samples were collected by venipuncture the morning of the clinic visit
after an overnight fast. Serum was separated by centrifugation after the blood sample was kept
at room temperature for at least 45 minutes to allow complete clotting. Serum was then
aliquoted and stored in glass vials at —80°C until it was analyzed for hormone levels.

Statistical analysis

Results

Data analyses were conducted using SPSS 14.0. First, preliminary analyses were conducted to
characterize the sample in terms of the variables of interest. Second, correlational analyses and
one-way analyses of variance (ANOVAs) were performed to examine potential
sociodemographic covariates of delinquent and aggressive behaviors. Third, correlations
among the independent variables (free testosterone and family cohesion) and dependent
variables were examined.

Finally, separate hierarchical multiple regression analyses were conducted for boys and girls
to examine associations of free testosterone and family cohesion with behavioral outcomes
(delinquent and aggressive behaviors). Given that testosterone levels vary across the menstrual
cycle and a subset of girls had reached menarche, we controlled for menstrual cycle phase in
the regression analyses. Day of the menstrual cycle that corresponded to the date of blood
collection was obtained from menstrual cycle calendars that were completed by the
postmenarcheal girls for 6 weeks before and 6 weeks after their blood collections. Because the
time from ovulation to the start of the next menses is more constant than the time from start of
last menses to ovulation for postmenarcheal girls, we defined menstrual cycle days in relation
to the start of next menses. Serum samples collected 1 through 14 days before the next menses
were classified as luteal (n = 25), and samples collected15 through 33 days before or on the
day of onset of the next menses were classified as follicular (n = 19). The majority of girls was
pre-menarchal (n = 146). In the regression equation, four blocks of variables were entered
sequentially. The blocks were comprised of: (a) potential covariates (i.e. parental income,
developmental status, body mass index, serum lipid levels, and menstrual cycle phase [in girls
only]); (b) family cohesion; (c) free testosterone; and (d) the product term representing the
two-way interaction (i.e. free testosterone x cohesion). All tests of statistical significance were
performed using two-tailed tests.

Preliminary Analyses

Initial analyses were conducted to examine whether key study variables differed by treatment
group (i.e. dietary intervention vs. usual care). Separate one-way ANOVAs conducted for boys
and girls indicated no significant differences in family cohesion, free testosterone levels, or
delinquent and aggressive behaviors by treatment group. Therefore, data were combined across
treatment conditions for all subsequent analyses.

Table 1 summarizes the mean levels of free testosterone, family cohesion, and outcome
variables by Tanner Stage for girls and boys. One-way ANOVAs indicated that mean levels
of free testosterone increased significantly across Tanner Stage for both boys and girls. Mean
levels of family cohesion and delinquent and aggressive behaviors did not differ across Tanner
Stage among boys. For girls, delinquent behaviors significantly decreased across Tanner Stage.

J Adolesc Health. Author manuscript; available in PMC 2010 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Fang et al.

Page 6

One-way ANOVAs revealed no significant differences in family cohesion or behavioral
outcomes by gender or racial/ethnic group. Among boys, parental income was negatively
correlated with delinquent behaviors, r(164) = —0.17, p <.05. Income was also positively
associated with family cohesion, r(164) = 0.20, p < 0.01. Therefore, income was included as
a covariate in multivariate analyses.

Correlations among free testosterone, family environment, and child outcome variables

Correlational analyses were performed to examine associations among free testosterone, family
cohesion, delinquent and aggressive behaviors, and serum lipid levels by gender (see Table 2).
Among girls, family cohesion was negatively correlated with delinquent (r=—0.20, p < 0.01)
and aggressive behaviors (r = —0.34, p < 0.001). Levels of free testosterone were negatively
associated with delinquent behaviors, r =—0.15, p < 0.05. Boys’ data are presented in the lower
half of Table 3. Among boys, a similar pattern was observed with family cohesion being
negatively related to delinquent (r = —0.35, p < 0.001) and aggressive behaviors, r = —0.29,

p < 0.001. In contrast to girls, free testosterone was positively associated with delinquent
behaviors among adolescent boys, r = 0.22, p < 0.01.

Associations of free testosterone and family cohesion with delinquent and aggressive

behaviors

To evaluate the associations of free testosterone and family cohesion with behavioral outcomes,
separate hierarchical multiple regression analyses were conducted for boys and girls. Among
boys, free testosterone was positively associated with delinquent behaviors (see Table 3). This
main effect was qualified by a two-way interaction of free testosterone and family cohesion.
The interaction effect was interpreted according to the guidelines outlined by Aiken and West
[23], which involves developing the simple regression equations where delinquent behaviors
are regressed upon free testosterone at high and low levels of family cohesion. Low values of
family cohesion were defined as one standard deviation below the sample mean, and high
values as one standard deviation above the mean. As illustrated in Figure 1, free testosterone
was positively associated with delinquent behaviors, but only among boys in low cohesion
family settings. Under conditions of high family cohesion, no association between free
testosterone and delinquent behaviors emerged.

Among girls, free testosterone and family cohesion were negatively associated with delinquent
behaviors (Table 3). These main effects were qualified by a two-way interaction, which was
interpreted as described above. Specifically, under conditions of low family cohesion, free
testosterone was negatively associated with delinquent behaviors (see Figure 1). Again, in
highly cohesive families, no association between free testosterone and delinquent behaviors
was observed.

For aggressive behaviors, only family cohesion was associated with aggressive behaviors
among adolescent girls ( = —0.45, t = —3.00, p <.01). For boys, LDL-C was positively
associated with aggressive behaviors (B = 0.37,t = 2.27, p <.05). Levels of HDL-C (B = 0.19,
t=1.91, p =.058) and free testosterone (p = 0.85, t = 1.92, p =.057) were also positively
associated with aggressive behaviors, but these did not reach statistical significance at the two-
tailed level. The interaction term (free testosterone x cohesion) was not associated with
aggressive behavior in either boys or girls.

Discussion

In the present study, family cohesion moderated the relation between free testosterone and
delinquent behaviors in adolescent boys and girls. Specifically, in highly cohesive families, no
association between free testosterone and delinquent behaviors was observed; whereas under
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conditions of low family cohesion, increasing levels of free testosterone were associated with
greater delinquent behaviors among boys. The opposite pattern was observed among
adolescent girls. That is, under conditions of high family cohesion, no association between free
testosterone and delinquent behaviors was observed (similar to the boys), but a negative
association between free testosterone and delinquent behaviors was observed among girls in
low cohesion family settings. The inverse association between testosterone and delinquent
behaviors in girls may be attributed, in part, to societal pressures on girls to behave in gender-
appropriate ways, particularly as they approach adolescence [24]. Indeed, our data suggest a
linear negative association between delinquent behaviors and pubertal maturation (i.e. Tanner
staging) in girls, which supports the proposition that, as girls get older, delinquent behaviors
are viewed as inappropriate and are heavily sanctioned by society [13].

Our findings parallel those reported by Booth and colleagues [12], in which the association
between testosterone and risk behaviors was conditional on the quality of the parent-child
relationship. Indeed, a similar pattern of findings was reported in the earlier study, as
testosterone was positively associated with risk behaviors among boys and negatively
associated with risk behaviors among girls, but only among those adolescents with poor quality
parent-child relations. Moreover, our findings are consistent with numerous previous studies
that have reported positive family factors (e.g., parental involvement and warmth) to be
predictive of lower rates of delinquent behavior during adolescence [8,9]. Other studies have
reported that adolescents from cohesive families, or those with close parent-child relations, are
more likely to experience better self-esteem [25], which may then decrease the likelihood of
engaging in delinquent behaviors [26].

In light of the cross-sectional nature of the present analyses, it is important to consider possible
alternative explanations that may exist. For example, perhaps the performance of delinquent
or risky behaviors leads to increases in testosterone levels among adolescent boys. Indeed early
studies have reported that changes in dominance behaviors can cause changes in testosterone
levels (for areview, see [27]). Thus, one alternative hypothesis is that delinquent boys are more
likely to engage in greater risk taking behaviors, which increases their testosterone levels --
and that these behaviors are also more likely to occur in the context of low cohesion homes,
where parental monitoring of adolescents may be less vigilant. Because the present study did
not include assessments of parenting variables, this alternative hypothesis remains to be
investigated in future studies.

High family cohesion was protective with respect to delinquent behaviors, but low family
cohesion was associated with aggressive behaviors among adolescent girls. A number of prior
studies have underscored the critical impact of family environment on the development of
behavioral problems in children [8], and empirical data indicate that adverse conditions in the
family (e.g., low family support) are key risk factors for poor adjustment outcomes [28]. These
factors may be especially relevant for girls, as studies have demonstrated that adolescent girls
are generally more affected by familial factors than are boys [29].

With regards to cholesterol and aggressive behaviors, LDL-C was significantly related to
aggressive behaviors but only among adolescent boys. The present finding of a positive
association between LDL-C and aggressive behaviors is in contrast to several previous studies
that have documented negative associations between cholesterol and aggressive behaviors
[30]. On the other hand, some early studies reported that increased levels of hostility were
associated with elevated LDL-C levels [31]. In a study of participants in a cholesterol-lowering
program, improvements in diet were associated with reductions in aggressive hostility and
plasma cholesterol levels [32]. More recent studies have also reported a positive association
of total serum cholesterol and non-physical forms of aggression (e.g., verbal aggression,
hostility) among healthy adults [14]. In addition, total serum cholesterol was positively related
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to aggressiveness among college males who were not physically fit [33], which may reflect a
similar sample as the adolescent boys in the current study who presented with unfavorable lipid
profiles. Finally, one study reported higher levels of aggression to be associated with higher
levels of LDL-C among young adult males who had a propensity toward aggressive behavior
[34].

The biological pathways that may account for the association between cholesterol and
aggressive behaviors have been proposed to involve stress and the catecholaminergic system
[35]. In brief, this model proposes that activation of the sympathetic nervous system during
stress results in increased production of catecholamines and cortisol and elevated blood
pressure, which results in elevated blood lipid concentrations. In one study, middle-aged adults
displayed significant increases in LDL-C following an acute laboratory stressor [36]. Further,
exposure to chronic stress has been shown to result in greater overt aggressive responses among
men, but not among women [37]. Thus, in the context of the present study, it may be that higher
levels of LDL-C reflect greater exposure to stress and that it is this stress exposure that
contributes to greater aggressive behaviors among the adolescent boys. Although the proposed
pathways are biologically plausible and have been empirically demonstrated in adults,
comparable studies have yet to be conducted in adolescent populations and thus, our
explanation for the observed association between LDL-C and aggressive behavior remains
speculative. Nonetheless, the present findings highlight potential associations among lipid
levels and behavioral outcomes and suggest that such relationships are gender dependent.

In conclusion, the findings from the present study contribute to the growing literature on the
interactions between biological and social processes and their associations with adolescent
behavioral outcomes. A key strength of the study was the ability to assess pubertal development
and physical growth independently from testosterone levels. However, there are also several
limitations. First, ratings of family cohesion and behavioral problems were provided by the
female parent. It is possible that the mother’s ratings could have differed from the child’s
perceptions. Other studies, however, have demonstrated significant convergence across family
members in reports of family environment, specifically using the FES [38]. Further, although
parental characteristics could have influenced the reporting of behavioral problems, it appears
that these characteristics do not lead to increased variability or changes in the relative ranking
of specific problem behaviors [39]. Second, due to the small number of adolescent girls who
had reached menarche, the implications of our findings apply primarily to pre-menarcheal
adolescent girls. Associations between mean levels of free testosterone and behavioral
problems may differ in post-menarchal girls. Third, due to the cross-sectional nature of the
data, any causal role for the interaction between biological and social factors in contributing
to adolescent behavioral outcomes cannot be determined. Prospective studies involving
multiple assessments of such factors over time are needed to address these key questions.

In sum, the present findings suggest that child gender and family environment moderate the
association between free testosterone and delinquent behaviors in adolescent boys and girls.
Because adolescent behavioral problems are early indicators of long-term risk for poor
adjustment, a comprehensive understanding regarding how social factors, particularly those
inherent in the family, may modify the association between testosterone and delinquency is
critical. Family-centered interventions can be effective in reducing problem behaviors and can
be targeted to children and adolescents in at-risk settings.
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Figure 1.
Family cohesion moderates the association between free testosterone and delinquent behaviors

among adolescent boys and girls.
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