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Abstract Sex chromosome aneuploidies (SCA) in boys in-
volve physiological, cognitive, and socioemotional chal-
lenges. Internalizing problems in boys with SCA are
underexamined. We examined behavioral inhibition (BI) in
boys with SCA, compared to a clinical sample. BI is a tem-
peramental style characterized by shyness, withdrawal, and
cautiousness, and represents increased risk for internalizing
problems. Parents (76% mothers) completed the Behavioral
Inhibition Questionnaire (BIQ; Bishop et al. 2003), which
comprises total BI and BI in six specific domains. Parents of
25 boys with SCA participated (boys’ M age = 11.7 years,
SD = 4.5, range 2–18 years), including boys with karyotypes
47,XXY, 47,XYY, 48,XXYY, and 48,XXXY. We compared
their BI to 100 boys referred to mental health clinics and
treated for anxiety (M age = 11.7 years, SD = 2.3, range 7–
17 years), and to norms from 307 Australian boys aged
>5 years. Total BI in boys with SCA was at the same level
as clinic-referred boys (effect size difference d = 0.02), and
higher than norms (d = 0.81). Boys with SCA were signifi-
cantly more inhibited in physical situations than clinic-
referred boys (p = .007; d = 0.71). Differences were small to
negligible for BI domains involving peer, unfamiliar adults,

and performance situations (all d ≤ 0.34). In conclusion, boys
with SCA seem to be as behaviorally inhibited as boys treated
for anxiety problems in mental health clinics. Inhibition in
physical domains may be a particular challenge for boys with
SCA.

Keywords Behavioral inhibition . Temperament . Sex
chromosome aneuploidies . Klinefelter syndrome . Anxiety

Introduction

Behavioral inhibition (BI) is a temperamental pattern of be-
havioral and emotional responses, such as a tendency to react
with fear, withdrawal, and cautiousness when exposed to new
and unfamiliar situations, people, objects, or places (Kagan
et al. 1984). BI is considered a moderately stable trait based
on longitudinal studies following children from toddlerhood
to later childhood (Degnan and Fox 2007; Hirshfeld et al.
1992; Kagan et al. 1987; Muris et al. 2011). This temperamen-
tal trait has been linked to later onset internalizing problems,
such as social anxiety disorder (Clauss and Blackford 2012;
Hayward et al. 1998; Schwartz et al. 1999) and depression
(Hayward et al. 1998; Karevold et al. 2011; Kerr et al.
1997). It has been suggested that since inhibited children are
less confident and assertive, they may tend to interpret ambig-
uous social situations negatively and experience more social
rejection (Fox and Pine 2012; Schwartz et al. 1999). High BI
may also involve fewer opportunities to interact with peers,
impacting development of social competence (Garcia Coll
et al. 1984; Kagan et al. 1984).

The above cited studies have focused on normally devel-
oping children. However, less is known about BI in children
with increased risk of developmental problems, such as boys
with sex chromosome aneuploidies (SCA), i.e., additional X
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and/or Y chromosomes. SCA are the most common chromo-
some aneuploidies in humans, with an estimated prevalence
rate of 1:400 (Linden et al. 1995). Among boys, the most
prevalent SCA karyotype (i.e., sex chromosome manifesta-
tion) is Klinefelter syndrome (47,XXY; prevalence 1:500),
followed by 47,XYY (estimated prevalence 1:1000), and rarer
karyotypes including 48,XXYY (estimated prevalence
1:18,000 to 1:40,000) and 48,XXXY (estimated prevalence
1:50,000; Bojesen et al. 2003). SCA in boys are associated
with different physiological, cognitive, and socioemotional
challenges (Cordeiro et al. 2012; Gravholt 2013; Ross et al.
2012; Tartaglia et al. 2011). In terms of cognitive abilities
among boys with karyotypes 47,XXY and 47,XYY, full-
scale IQ scores are generally within the normal range, with
considerable individual variation (Leggett et al. 2010). Mean
IQ tends to be lower and in the borderline to mild mental
retardation range for tetrasomy conditions (Gravholt 2013).
In terms of socioemotional problems, increased levels of anx-
iety, depression, attention deficit hyperactivity disorder symp-
toms, and behavior problems have been found in studies of
boys with SCA (Ross et al. 2012; Tartaglia et al. 2012; Turriff
et al. 2011).

A few studies have examined aspects of temperament in
children with SCA. Boys with SCA have generally been de-
scribed as more timid, less confident, and as having more
problems relating to peers than controls (Bancroft et al.
1982; Bender et al. 1995; Cordeiro et al. 2012). A tempera-
mental style close to BI was described as typical among 108
American boys with SCA aged 4 to 15 years (Ross et al.
2012). In this study, boys with 47,XXY and 47,XYY were
rated significantly more anxious-shy by their parents com-
pared to controls. Based on a parent-rated measure of child
behavior in the domains of social awareness, social cognition,
social communication, social motivation, and autistic
mannerisms, Cordeiro et al. (2012) identified severe difficul-
ties in social responsiveness in 20% of 102 boys with
47,XXY, 50% of 40 boys with 47,XYY, and 44% of 32 boys
with 48,XXYY, compared to 7% of boys in a normative
sample.

The social functioning of boys with SCA can be character-
ized by shyness, withdrawal, and anxiousness, and difficulties
with social responsiveness have been found across karyotypes
(e.g., Bancroft et al. 1982; Cordeiro et al. 2012; Ross et al.
2012). High BI may be particularly problematic for boys, due
to social expectations that boys should be more assertive, ac-
tive, physical, and risk-willing than girls. In a longitudinal
study of temperament in children, Karevold et al. (2011)
found a gender interaction effect in the association between
parent-reported shyness and internalizing problems in chil-
dren, where activity level served as a protective factor for
boys, but not for girls. To further understand the range of
challenges experienced by many boys with SCA, more re-
search of their basic temperamental traits is warranted.

In the current study, we examined the temperamental style of
BI among boys with SCA. Beyond getting knowledge of the
levels of BI among boyswith SCA,we compared this sample to
a clinical sample of boys referred to community mental health
services and treated for anxiety problems, as well as to norms.
The norm group included a sample of 307 normally developing
Australian children (Bishop et al. 2003). We addressed the fol-
lowing research questions: (1) To what degree do boys with
SCA display BI, and in which domains? (2) How does BI in
boys with SCA compare to a clinical sample and to norms?We
expect boys with SCAwill have elevated BI scores relative to
norms. We made no specific assumption about how the SCA
sample and clinic-referred boys will compare, due to a lack of
previous studies.

Method

Participants

Participants included boys with SCA, clinic-referred boys
without SCA, and norms. The SCA sample comprised 25
boys with karyotypes 47,XXY (n = 13), 47,XYY (n = 6),
48,XXYY (n = 3), or 48,XXXY (n = 3). The mean age of
the SCA sample was 11.7 years (SD = 4.5, range 2 to 18
years). Socioeconomic status (SES) was estimated in accor-
dance with guidelines from the Registrar General Social Class
coding scheme, classifying parent occupational status into
rank ordered socioeconomic status classes (Currie et al.
2008). For the SCA sample, 56% of families were categorized
as high SES, 36% as medium, and 8% as low.

The clinical sample comprised all boys (N = 100; mean
age = 11.7 years, SD = 2.3, range 7 to 17 years) from a clinical
anxiety trial. SES was estimated to be high for 24%, medium
for 44%, and low for 8% (Currie et al. 2008). SES was un-
known for 24% of the families. The norm sample comprised
307 Australian normally developing boys aged 3 to 5 years
with parent-reported BI scores (Bishop et al. 2003).

Procedures

We recruited the participants with SCA from two different
settings. The database of Frambu resource center for rare dis-
orders (Frambu), a national resource center for rare disorders
in Norway, was used to recruit 18 participants. Frambu is a
publicly funded but privately run specialist health institution
serving all tiers of health providers in Norway with liaison
services for rare genetic disorders. Families can self-refer
and registration in the user database is voluntary. The response
rate from the database was 47%. The remaining seven partic-
ipants were recruited at the annual meeting of the Norwegian
Klinefelter Syndrome Association. Information about the
study was given at the meeting, and the attending families

Adv Neurodev Disord

Author's personal copy



were invited to take part. The number of attendants under
18 years was not registered, thus the response rate from this
setting is unknown. In both settings, parents were given the
questionnaire and a prepaid return envelope. Analyses are
based on responses from 1 parent, 19 mothers (76%), and 6
fathers (24%).

Information about the karyotype details was parent-report-
ed, and details were checked in medical records for the 18
participants from the health institution database. No discrep-
ancies between parent report and medical records were found
for karyotype. Access to medical records for the seven partic-
ipants recruited from the user group meeting was not obtained.

The participants in the clinical sample were drawn from the
Assessment and Treatment—Anxiety in Children and Adults
study (ATACA). The study was a randomized controlled trial
(RCT) of cognitive behavior therapy for anxiety disorders for
which 221 children who were regular referrals to community
child and adolescent mental health clinics in western Norway
were assessed for eligibility. The clinics are part of the public
health system in Norway. Referrals typically come from gen-
eral practitioners and services are free of charge. Research
participation is not required to access services.

Ethics We obtained informed consent from the parents of the
participants in both samples. In ATACA, children over
11 years provided verbal assent. Children in the SCA sample
did not provide assent, as no identifying information was col-
lected. The regional boards for medical health research ethics
in Norway (East and West) approved the SCA study and the
ATACA study, respectively.

Measures

The Behavioral Inhibition Questionnaire (BIQ; Bishop
et al. 2003) is a 30-item rating scale which measures BI in
six domains. Higher scores represent higher levels of BI.
Sixteen items are reversed to reduce the possible influence
of response style. The six BI domains are unfamiliar situations
(Unfamiliar; 8 items; e.g., Approaches new situations or ac-
tivities very hesitantly); unfamiliar peers (Peers; 6 items; e.g.,
Tends to watch other children, rather than join in their
games); unfamiliar adults (Adults; 4 items; e.g., Is very quiet
around new (adult) guests to our home); separation situations
(Separation; 4 items; e.g., Gets upset at being left in new
situations for the first time (e.g., kindergarten, preschool,
childcare); novel physical activities with a minor risk element
(Physical; 4 items; e.g., Is cautious in activities that involve
physical challenge (e.g., climbing, jumping from heights));
and performance situations (Performance; 4 items; e.g., Is re-
luctant to perform in front of others), as well as a BIQ total
score. Parents were asked to rate frequencies of the behaviors
in the six domains on a 7-point Likert scale from Balmost
never^ to Balmost always^.

The BIQ has demonstrated good psychometric properties,
with adequate internal consistency and test-retest reliability
for mother and father ratings (Bishop et al. 2003¸ Kim et al.
2011). Confirmatory factor analysis has supported a six-factor
structure corresponding to the six domains in the BI scale. The
six factors also loaded onto a single higher-order general fac-
tor measuring overall BI. The BIQ has been proved reliable
and valid not only for preschool children, but also for children
aged up to 15 years (Broeren and Muris 2010).

In the current study, the BIQ was rated retrospectively.
Parents were asked to rate their children at preschool age, with
the instruction BPlease think back to how your son was in
preschool (aged 3 to 5 years)^. The BIQ total internal consis-
tency was excellent for the SCA sample (α = .95) with sub-
scale reliability as follows: Unfamiliar (α = .93); Separation
(α = .92); Peers (α = .85); Adults (α = .79); Physical (α = .60);
and Performance (α = .65). The BIQ total was excellent for
the clinical sample (α = .96), with subscale reliability as fol-
lows: Unfamiliar (α = .92); Separation (α = .91); Adults
(α = .90); Performance (α = .85); Physical (α = .82); and
Peers (α = .79).

Data Analyses

We used SPSS version 22.0 for all analyses. T-tests were ap-
plied to compare mean scores between the SCA sample and
the clinical sample. A Bonferroni-corrected significance level
of p < .008 was applied to adjust for the number of tests (i.e.,
the six BI domains). We calculated between group effect sizes
using Cohen’s d ([mean group 1—mean group 2/pooled stan-
dard deviation] Cohen 1988), and interpreted the effect sizes
using the following criteria: 0.10 to 0.29= small, 0.30 to 0.49=
medium, and >0.50= large (Cohen 1992). Data on parent SES
wasmissing for 24% of participants in the ATACA sample. As
this was not a main variable, BI scores from these 24 partici-
pants were kept in all analyses. We included all participants
with <20%missing items on the BI, resulting in nomissing BI
data in any of the samples. Given the small sample size of the
SCA group, we did not distinguish karyotypes in the analyses.

Results

There was no significant mean age difference between the
SCA sample (11.7 years) and the clinical sample (11.7 years;
t = .094, p = .925). The difference in SES between the two
samples was not significant (x2 = 4.822; df = 2, p = .09). See
Table 1 for mean BIQ scores for the SCA sample, the clinical
sample, and norms, including between sample effect sizes.

The effect size differences between the SCA sample and
norms were large for BIQ total, BIQ peers, BIQ physical, BIQ
unfamiliar, BIQ performance, and medium for BIQ separa-
tion, with the SCA sample being more inhibited. There was
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a negligible difference for BIQ adults. Significance levels of
differences between the SCA sample and norms could not be
calculated as we did not have access to raw data from the norm
sample.

The differences between the SCA sample and the clinical
sample were non-significant, with small to negligible effect
size differences for BIQ total, BIQ peers, BIQ unfamiliar, and
BIQ performance. A large effect size difference was found for
BIQ physical, with the SCA sample being more inhibited than
the clinical sample. This was the only significant difference
between the SCA sample and the clinical sample (t = 2.972,
df = 24, p = .007). Medium effect size differences were found
on BIQ adults and BIQ separation, with the clinical sample
being more inhibited than the SCA sample. However, these
differences were not significant.

Discussion

We examined the temperamental trait BI in a sample of boys
with SCA, and largely found support for our expectation that
BI among these boys was higher than for norms. Previous
studies of boys with SCA have shown increased risk of both
physical and socioemotional challenges for these boys
(Cordeiro et al. 2012; Gravholt 2013; Ross et al. 2012;
Tartaglia et al. 2011). The finding that boys with SCA have
high BI suggests they have difficulties in participating in im-
portant activities with peers in kindergarten, school, and lei-
sure activities. This represents a developmental risk for boys
with SCA, as peer relations represent an important arena for
the development of emotional and behavioral adjustment
(Rose and Rudolph 2006). The exception to the general pat-
tern of elevated BI in boys with SCA concerned interaction
with adults. Boys with SCA were rated as less inhibited in
interaction with adults than boys in the clinical sample, and
their scores were similar to norms. Boys with SCA have been

described as having problems in relationships with peers
(Bancroft et al. 1982), and in some cases, problems with social
responsivity (Cordeiro et al. 2012). Because boys with SCA
may experience problems relating with peers, they may be
more oriented towards adults.

We had no a priori expectation of howBI in boys with SCA
would compare to a clinical sample of boys referred to com-
munity mental health clinics and treated for anxiety problems,
due to a lack of previous empirical studies. The only signifi-
cant difference between these samples was on the BI physical
domain, i.e., novel physical activities with a minor risk ele-
ment. In fact, boys with SCA scored higher on physical BI
both compared to the clinical sample and to norms. Thus, boys
with SCA may have considerable problems participating in
physical activities with peers, including physical activity in
play. Boys with SCA often show delayed motor development,
which is suggested to be due to hypotonia (i.e., low muscle
tone), and hypermobility (i.e., flexible joints; Ross et al. 2008;
Visootsak et al. 2001). Furthermore, many boys with SCA
have impaired gross motor function and coordination, espe-
cially in running speed and agility (Ross et al. 2009). By
mastering important skills like biking, skiing, and jumping
later than their peers, these boys may experience lack of
self-efficacy in physical situations from an early age.
Experiencing shortcomings may result in withdrawal from
physical activity, and thus reinforce motor delays. Physical
play in childhood involves learning and practice of skills that
are considered a necessary part of socialization. Whereas girls
mainly establish and maintain social dominance verbally,
boys tend to use physical skills and play to adjust peer group
status (Eaton and Enns 1986; Pellegrini and Smith 1998).
Being a physically inhibited and unassertive boy may influ-
ence social function, self-esteem, and relations to the peer
group negatively. Activity level has been found to be a pro-
tective factor for internalizing problems among shy boys
(Karevold et al. 2011).

Table 1 Behavioral inhibition
scores BIQ scale Clinical sample

(n = 100)

M (SD)

SCA vs.
clinical

da

SCA sample
(n = 25)

M (SD)

SCA vs.
norms

da

Normsb

(n = 307)

M (SD)

Total 117.5 (36.5) 0.02 118.1 (38.3) 0.81 89.7 (31.3)

Separation 17.4 (7.0) 0.33 15.1 (6.8) 0.47 12.0 (6.4)

Peers 24.1 (7.2) 0.01 24.1 (9.3) 0.58 19.0 (8.3)

Adult 15.8 (6.7) 0.34 13.6 (6.5) 0.01 13.6 (6.1)

Unfamiliar 32.0 (11.1) 0.02 32.2 (12.9) 0.84 23.0 (8.8)

Physical 12.1 (5.9) 0.71* 16.1 (5.4) 1.33 9.1 (5.1)

Performance 16.1 (5.8) 0.16 17.0 (5.5) 0.73 13.1 (5.3)

BIQ behavioral inhibition questionnaire, SCA sex chromosome aneuploidies, M mean, SD standard deviation

*Difference is significant with p = 0.007
a Effect size Cohen’s d ([mean group 1—mean group 2/pooled standard deviation] Cohen 1988)
b Bishop et al. 2003
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BI is not always associated with dysfunction and dis-
tress. Evidence of BI as a protective factor comes from
studies of externalizing problems. For example, ADHD
has been argued to represent a deficit in BI (Barkley
1997). Kerns et al. (2001) studied children with ADHD
and found that compared to healthy controls, children
with ADHD scored significantly lower on BI. Boys with
SCA have been reported to have a high prevalence of
behavioral problems and ADHD symptoms, including im-
paired inhibitory executive functions and problems with
impulse control (e.g., Kompus et al. 2011; Ross et al.
2007; Temple and Sanfilippo 2003). Furthermore, risk-
taking is not uncommon among boys with SCA
(Simpson et al. 2005). Thus, evidence suggests boys with
SCA have a double disadvantage with increased risk of
both internalizing and externalizing problems.

The current study has limitations. In terms of gener-
alizability, the small size of the SCA sample limits gen-
eralizability and reduces statistical power. Four karyo-
types are represented, and potential variations in BI be-
tween karyotypes could not be examined due to the
small sample size. The SCA sample was recruited via
a resource center and a user organization, and may as
such not be generally representative of boys with SCA.
Due to the wide age ranges, the SCA and clinical sam-
ples were rated retrospectively, whereas the children
from the norm group were rated concurrently at ages
3 to 5 years. Although the BIQ is validated up to
15 years (Broeren and Muris 2010), there may have
been recall bias in parent report. The use of a norm
group from Australia raises the question of whether
the cultural and sociodemographic differences may be
a limitation. However, at the present, no normative sam-
ple in Norway has been rated on the BIQ. Finally, BI
scores were parent-reported and may have limited over-
lap with the boys’ own perception of their BI.

Future research using combined methods such of parent-
reported retrospective rating and self-reported measures of BI
could provide insight into the stability of BI in boyswith SCA.
The inclusion of observational data would further strengthen
findings. Examining the relationship between physical activi-
ty and social problems in boys with SCA could help create
guidelines for parents and health care professionals working
with this group. Given the musculoskeletal pain and somatic
complications that boys with SCA are at risk of developing,
this is an important area for intervention. Future research need
to address whether measures of BI is an adequate method for
predicting which children are at risk of developing internaliz-
ing problems. Little is still known of why some high BI chil-
dren develop internalizing problems and some do not. More
knowledge of both biological and environmental factors
influencing risks and resilience among boys with SCA is nec-
essary to create preventative interventions.

Authors’Contributions KWF:Designed and executed the SCA study,
contributed to design and execution of the clinical study, assisted with the
data analyses, and wrote the paper. MSW: Conducted the data analyses,
and collaborated in the writing. SS: Co-designed and executed the SCA
study, assisted with data preparation, and collaborated in the writing.
BSH: Co-designed and executed the clinical study, and collaborated in
the writing. OEH: Designed and executed the clinical study (PI), and
collaborated in the writing. GJW: Co-designed and executed the clinical
study, and collaborated in the writing.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

References

Bancroft, J., Axworthy, D., & Ratcliffe, S. (1982). The personality and
psycho-sexual development of boys with 47,XXY chromosome con-
stitution. Journal of Child Psychology and Psychiatry and Allied
Disciplines, 23, 169–180. doi:10.1111/j.1469-7610.1982.tb00061.x.

Barkley, R. A. (1997). Behavioral inhibition, sustained attention, and execu-
tive functions: constructing a unifying theory of ADHD. Psychological
Bulletin, 121, 65–94. doi:10.1037/0033-2909.121.1.65.

Bender, B. G., Harmon, R. J., Linden, M. G., & Robinson, A. (1995).
Psychosocial adaptation of 39 adolescents with sex chromosome
abnormalities. Pediatrics, 96, 302–308.

Bishop, G., Spence, S. H., & McDonald, C. (2003). Can parents and
teachers provide a reliable and valid report of behavioral inhibition?
Child Development, 74, 1899–1917. doi:10.1046/j.1467-8624.
2003.00645.x.

Bojesen, A., Juul, S., & Gravholt, C. H. (2003). Prenatal and postnatal
prevalence of Klinefelter syndrome: a national registry study. The
Journal of Clinical Endocrinology &Metabolism, 88, 622–626. doi:
10.1210/jc.2002-021491.

Broeren, S., &Muris, P. (2010). A psychometric evaluation of the behav-
ioral inhibition questionnaire in a non-clinical sample of Dutch chil-
dren and adolescents. Child Psychiatry & Human Development, 41,
214–229. doi:10.1007/s10578-009-0162-9.

Clauss, J. A., & Blackford, J. U. (2012). Behavioral inhibition and risk for
developing social anxiety disorder: a meta-analytic study. Journal of
the American Academy of Child & Adolescent Psychiatry, 51, 1066–
1075.e1061. doi:10.1016/j.jaac.2012.08.002.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences
(2nd ed.). Hillsdale: Laurence Erlbaum.

Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155–159.
doi:10.1037/0033-2909.112.1.155.

Cordeiro, L., Tartaglia, N., Roeltgen, D., & Ross, J. (2012). Social deficits
in male children and adolescents with sex chromosome aneuploidy:
A comparison of XXY, XYY, and XXYY syndromes. Research in
Developmental Disabilities, 33, 1254–1263. doi:10.1016/j.ridd.
2012.02.013.

Currie, C., Molcho,M., Boyce,W., Holstein, B., Torsheim, T., & Richter,
M. (2008). Researching health inequalities in adolescents: the devel-
opment of the Health Behaviour in School-Aged Children (HBSC)
family affluence scale. Social Science & Medicine, 66, 1429–1436.
doi:10.1016/j.socscimed.2007.11.024.

Degnan, K. A., & Fox, N. A. (2007). Behavioral inhibition and anxiety
disorders: multiple levels of a resilience process. Development and
Psychopathology, 19, 729–746. doi:10.1017/S0954579407000363.

Eaton, W. O., & Enns, L. R. (1986). Sex differences in human motor
activity level. Psychological Bulletin, 100, 19–28. doi:10.1037/
0033-2909.100.1.19.

Adv Neurodev Disord

Author's personal copy

http://dx.doi.org/10.1111/j.1469-7610.1982.tb00061.x
http://dx.doi.org/10.1037/0033-2909.121.1.65
http://dx.doi.org/10.1046/j.1467-8624.2003.00645.x
http://dx.doi.org/10.1046/j.1467-8624.2003.00645.x
http://dx.doi.org/10.1210/jc.2002-021491
http://dx.doi.org/10.1007/s10578-009-0162-9
http://dx.doi.org/10.1016/j.jaac.2012.08.002
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://dx.doi.org/10.1016/j.ridd.2012.02.013
http://dx.doi.org/10.1016/j.ridd.2012.02.013
http://dx.doi.org/10.1016/j.socscimed.2007.11.024
http://dx.doi.org/10.1017/S0954579407000363
http://dx.doi.org/10.1037/0033-2909.100.1.19
http://dx.doi.org/10.1037/0033-2909.100.1.19


Fox, N. A., & Pine, D. S. (2012). Temperament and the emergence of
anxiety disorders. Journal of the American Academy of Child and
Adolescent Psychiatry, 51, 125–128. doi:10.1016/j.jaac.2011.10.006.

Garcia Coll, C. T., Kagan, J., & Reznick, J. S. (1984). Behavioral inhibi-
tion in young children. Child Development, 1005–1019. doi:10.
2307/1130152.

Gravholt, C. H. (2013). Sex-chromosome abnormalities. In D. Rimoin
(Ed.), Emery and Rimoin’s principles and practice of medical
genetics (pp. 1–32). Oxford: Academic Press.

Hayward, C., Killen, J. D., Kraemer, H. C., & Taylor, C. B. (1998).
Linking self-reported childhood behavioral inhibition to adolescent
social phobia. Journal of the American Academy of Child &
Adolescent Psychiatry, 37, 1308–1316. doi:10.1097/00004583-
199812000-00015.

Hirshfeld, D. R., Rosenbaum, J. F., Biederman, J., Bolduc, E. A., Faraone,
S. V., Snidman, N., Reznick, J. S., & Kagan, J. (1992). Stable behav-
ioral inhibition and its association with anxiety disorder. Journal of
the American Academy of Child & Adolescent Psychiatry, 31, 103–
111. doi:10.1097/00004583-199201000-00016.

Kagan, J., Reznick, J. S., Clarke, C., Snidman, N., & Garciacoll, C. (1984).
Behavioral inhibition to the unfamiliar. Child Development, 55,
2212–2225. doi:10.1111/j.1467-8624.1984.tb03916.x.

Kagan, J., Reznick, J. S., & Snidman, N. (1987). The physiology and
psychology of behavioral inhibition in children.Child Development,
58, 1459–1473. doi:10.2307/1130685.

Karevold, E., Coplan, R., Stoolmiller, M., & Mathiesen, K. S. (2011). A
longitudinal study of the links between temperamental shyness, ac-
tivity, and trajectories of internalising problems from infancy to
middle childhood. Australian Journal of Psychology, 63, 36–43.
doi:10.1111/j.1742-9536.2011.00005.x.

Kerns, K. A., McInerney, R. J., &Wilde, N. J. (2001). Time reproduction,
workingmemory, and behavioral inhibition in childrenwith ADHD.
Child Neuropsychology, 7, 21–31. doi:10.1076/chin.7.1.21.3149.

Kerr, M., Tremblay, R. E., Pagani, L., & Vitaro, F. (1997). Boys’ behav-
ioral inhibition and the risk of later delinquency. Archives of General
Psychiatry, 54 , 809–816. doi:10.1001/archpsyc.1997.
01830210049005.

Kim, J., Klein, D. N., Olino, T. M., Dyson, M. W., Dougherty, L. R., &
Durbin, C. E. (2011). Psychometric properties of the Behavioral
Inhibition Questionnaire in preschool children. Journal of
Personality Assessment, 93, 545–555. doi:10.1080/00223891.
2011.608756.

Kompus, K., Westerhausen, R., Nilsson, L.-G., Hugdahl, K., Jongstra, S.,
Berglund, A., Arver, S., & Savic, I. (2011). Deficits in inhibitory
executive functions in Klinefelter (47,XXY) syndrome. Psychiatry
Research, 189, 135–140. doi:10.1016/j.psychres.2011.02.028.

Leggett, V., Jacobs, P., Nation, K., Scerif, G., & Bishop, D. V. M. (2010).
Neurocognitive outcomes of individuals with a sex chromosome
tr i somy: XXX, XYY, or XXY: a sys temat ic review.
Developmental Medicine & Child Neurology, 52, 119–129. doi:10.
1111/j.1469-8749.2009.03545.x.

Linden, M. C., Bender, B. G., & Robinson, A. (1995). Sex chromosome
tetrasomy and pentasomy. Pediatrics, 96(4), 672–682.

Muris, P., van Brakel, A. M. L., Arntz, A., & Schouten, E. (2011).
Behavioral inhibition as a risk factor for the development of

childhood anxiety disorders: a longitudinal study. Journal of Child
and Family Studies, 20, 157–170. doi:10.1007/s10826-010-9365-8.

Pellegrini, A. D., & Smith, P. K. (1998). Physical activity play: the nature
and function of a neglected aspect of play. Child Development, 69,
577–598. doi:10.1111/j.1467-8624.1998.tb06226.x.

Rose, A. J., & Rudolph, K. D. (2006). A review of sex differences in peer
relationship processes: potential trade-offs for the emotional and
behavioral development of girls and boys. Psychological Bulletin,
132, 98–131. doi:10.1037/0033-2909.132.1.98.

Ross, J. L., Stefanatos, G. A., & Roeltgen, D. (2007). Klinefelter syn-
drome. In M. M. Mazzucco & L. J. Ross (Eds.), Neurogenetic de-
velopmental disorders: Variation of manifestation in childhood.
Boston: MIT Press.

Ross, J. L., Roeltgen, D. P., Stefanatos, G., Benecke, R., Zeger, M. P. D.,
Kushner, H.,. .. Zinn, A. R. (2008). Cognitive and motor development
during childhood in boys with Klinefelter syndrome.American Journal
ofMedical Genetics Part A, 146A, 708–719. doi:10.1002/ajmg.a.32232

Ross, J. L., Zeger, M. P. D., Kushner, H., Zinn, A. R., & Roeltgen, D. P.
(2009). An extra X or Y chromosome: contrasting the cognitive and
motor phenotypes in childhood in boys with 47,XYY syndrome or
47,XXY Klinefelter syndrome. Developmental Disabilities
Research Reviews, 15, 309–317. doi:10.1002/ddrr.85.

Ross, J. L., Roeltgen, D. P., Kushner, H., Zinn, A. R., Reiss, A., Bardsley,
M. Z., McCauley, E., & Tartaglia, N. (2012). Behavioral and social
phenotypes in boys with 47,XYY syndrome or 47,XXY Klinefelter
syndrome. Pediatrics, 129, 769–778. doi:10.1542/peds.2011-0719.

Schwartz, C. E., Snidman, N., & Kagan, J. (1999). Adolescent social
anxiety as an outcome of inhibited temperament in childhood.
Journal of the American Academy of Child & Adolescent
Psychiatry, 38, 1008–1015. doi:10.1097/00004583-199908000-
00017.

Simpson, J. L., Graham, J. M., Samango-Sprouse, C., & Swerdloff, R.
(2005). Klinefelter syndrome. Management of Genetic Syndromes.,
28. doi:10.1002/0471695998.mgs028.

Tartaglia, N., Ayari, N., Howell, S., D’Epagnier, C., & Zeitler, P. (2011).
48,XXYY, 48,XXXYand 49,XXXXY syndromes: not just variants
of Klinefelter syndrome. Acta Paediatrica, 100, 851–860. doi:10.
1111/j.1651-2227.2011.02235.x.

Tartaglia, N., Ayari, N., Hutaff-Lee, C., & Boada, R. (2012). Attention-
deficit hyperactivity disorder symptoms in children and adolescents
with sex chromosome aneuploidy: XXY, XXX, XYY, and XXYY.
Journal of Developmental and Behavioral Pediatrics, 33, 309–318.
doi:10.1097/DBP.0b013e31824501c8.

Temple, C. M., & Sanfilippo, P. M. (2003). Executive skills in
Klinefelter’s syndrome. Neuropsychologia, 41, 1547–1559. doi:10.
1016/S0028-3932(03)00061-7.

Turriff, A., Levy, H. P., & Biesecker, B. (2011). Prevalence and psycho-
social correlates of depressive symptoms among adolescents and
adults with Klinefelter syndrome. Genetics in Medicine, 13, 966–
972. doi:10.1097/GIM.0b013e3182227576.

Visootsak, J., Aylstock, M., & Graham, J. M. (2001). Kilnefelter syn-
drome and its variants: an update and review for the primary pedi-
atrician. Clinical Pediatrics, 40(12), 639–651. doi:10.1177/
000992280104001201.

Adv Neurodev Disord

Author's personal copy

http://dx.doi.org/10.1016/j.jaac.2011.10.006
http://dx.doi.org/10.2307/1130152
http://dx.doi.org/10.2307/1130152
http://dx.doi.org/10.1097/00004583-199812000-00015
http://dx.doi.org/10.1097/00004583-199812000-00015
http://dx.doi.org/10.1097/00004583-199201000-00016
http://dx.doi.org/10.1111/j.1467-8624.1984.tb03916.x
http://dx.doi.org/10.2307/1130685
http://dx.doi.org/10.1111/j.1742-9536.2011.00005.x
http://dx.doi.org/10.1076/chin.7.1.21.3149
http://dx.doi.org/10.1001/archpsyc.1997.01830210049005
http://dx.doi.org/10.1001/archpsyc.1997.01830210049005
http://dx.doi.org/10.1080/00223891.2011.608756
http://dx.doi.org/10.1080/00223891.2011.608756
http://dx.doi.org/10.1016/j.psychres.2011.02.028
http://dx.doi.org/10.1111/j.1469-8749.2009.03545.x
http://dx.doi.org/10.1111/j.1469-8749.2009.03545.x
http://dx.doi.org/10.1007/s10826-010-9365-8
http://dx.doi.org/10.1111/j.1467-8624.1998.tb06226.x
http://dx.doi.org/10.1037/0033-2909.132.1.98
http://dx.doi.org/10.1002/ajmg.a.32232
http://dx.doi.org/10.1002/ddrr.85
http://dx.doi.org/10.1542/peds.2011-0719
http://dx.doi.org/10.1097/00004583-199908000-00017
http://dx.doi.org/10.1097/00004583-199908000-00017
http://dx.doi.org/10.1002/0471695998.mgs028
http://dx.doi.org/10.1111/j.1651-2227.2011.02235.x
http://dx.doi.org/10.1111/j.1651-2227.2011.02235.x
http://dx.doi.org/10.1097/DBP.0b013e31824501c8
http://dx.doi.org/10.1016/S0028-3932(03)00061-7
http://dx.doi.org/10.1016/S0028-3932(03)00061-7
http://dx.doi.org/10.1097/GIM.0b013e3182227576
http://dx.doi.org/10.1177/000992280104001201
http://dx.doi.org/10.1177/000992280104001201

	Behavioral Inhibition in Boys with Sex Chromosome Aneuploidies Compared to a Clinical Sample
	Abstract
	Introduction
	Method
	Participants
	Procedures
	Measures
	Data Analyses

	Results
	Discussion
	References


