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Abstract. Research on the behavioral characteristics of girls and women with Turner syndrome
has identified an increased risk for learning disabilities as well as social and behavioral problems
(poor concentration, immaturity, anxiety) that typically present during childhood and adolescence.
Most adult women with Turner syndrome, however, are emotionally stable, living self-sufficient
lives. This chapter will summarize findings on the social and behavioral development of girls and
women with Turner syndrome consider the mechanisms underlying these patterns, and present
strategies for assuring optimal psychosocial development and adjustment. © 2006 Published by
Elsevier B.V.
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1. Introduction

Research on the behavioral characteristics of girls and women with Turner offers a
unique opportunity to explore the association between identifiable alterations in genetic
make-up and both neurocognitive and behavioral development. This chapter will
summarize findings on the social and behavioral development of girls and women
with Turner, consider the underlying mechanisms, and discuss implications for clinical
care.

* Corresponding author. University of Washington, United States.
E-mail address: eliz@u.washington.edu (E. McCauley).

0531-5131/ © 2006 Published by Elsevier B.V.
doi:10.1016/j.ics.2006.06.018


mailto:eliz@u.washington.edu
http://dx.doi.org/10.1016/j.ics.2006.06.018

94 E. McCauley, V. Sybert / International Congress Series 1298 (2006) 93—99
2. Cognitive development

While the prevalence of mental retardation in women with Turner syndrome is just
slightly higher (8—10%) than that in the population at large [1], numerous studies have
documented the presence of a cognitive impairment or learning disability that particularly
affects nonverbal perceptual motor and spatial skills [2]. Deficits in visual—spatial
organization, social cognition, non-verbal problem solving and psychomotor functioning
have been identified [3]. Studies have also documented weaknesses in nonverbal memory
[4], executive function [5] and attentional abilities [2].

Approximately 70% of individuals with Turner syndrome experience these learning
disabilities to some degree although there is considerable variation among individuals [2,6].
These deficits translate into problems with mathematics [7,8], directional sense, driving and
multitasking as well as related problems in social functioning [1-3]. Difficulty with spatial
and math skills appear early but problems with reading comprehension may surface as
academic demands become more complex.

3. Social and behavioral development across the lifespan
3.1. Childhood

During infancy, parents most commonly report problems in relation to motor (gross
motor 39%, fine motor 59%) and language delays (37%), and feeding problems (71%) [9].
As girls with Turner syndrome move into their early school years, concerns about increased
activity level, poor concentration and immaturity begin to appear along with parental
observations of limited peer relationships [10,11].

At this time, the cognitive disabilities associated with Turner syndrome begin to play a
more central role in behavioral adjustment. Many girls present with symptoms of attention
deficit hyperactivity disorder (ADHD). On tests of attentional skills, girls with Turner
syndrome demonstrate deficits in inhibitory control but do not have difficulty sustaining or
focusing attention [2,5]. On assessments of executive functioning, difficulties with
distraction, planning [5], and both short-term recall and working memory [4] are reported.
Weaknesses in these core cognitive skills contribute to the ADHD behavioral pattern
observed and may play a role in the social immaturity and peer problems noted by parents
and teachers [10].

3.2. Adolescence

During adolescence, inattention, immaturity, social isolation and anxiety appear to be the
most common problems [3,11—13]. Higher rates of ADHD compared to contrast groups of
adolescent girls have been documented [12]. The pattern of ADHD observed in adolescent
girls with Turner syndrome is distinguished by many signs of social immaturity. Parents of
adolescent girls with Turner syndrome also endorsed more anxiety and depression [13] than
observed among girls in the normative sample. Problems with anxiety in girls with Turner
syndrome can be expressed as shyness, a preoccupation with keeping things in order and a
lack of flexibility in terms of change in routines. Learning or cognitive deficits may underlie
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these social difficulties as some studies have found that females with Turner syndrome may
misinterpret, or fail to recognize, facial expressions and body language [14] although
observational studies have not yet substantiated this finding [15].

Girls and adolescents with Turner syndrome also endorsed a less positive sense of self-
concept when compared to girls with short stature and normative samples. Lowered ratings
on self-concept reflect concerns in the social arena, predominantly [3,10,]. A recent study of
50 young women, with final heights within the normal range, treated with growth hormone
during childhood assessed social and behavioural functioning at age 18. The investigators
found no evidence of behavioural problems but self-esteem and attitudes about their bodies
were less positive among the girls with Turner syndrome than for their peers [16].

3.3. Adulthood

Psychological studies of adult women with Turner syndrome have addressed questions
about academic and work achievement, interpersonal relationships, emotional difficulties
and quality of life. Most adults with Turner syndrome report reasonable levels of
satisfaction in employment and social life [17—19]. Survey data from a number of studies of
adult women reveal excellent education and occupation achievement but some delays in
reaching milestones associated with adult development, such as marriage or living
independent of parents [17,19]. Some women are employed at an occupational level below
that predicted by education [17]. This may reflect the long-term impact of early learning
disabilities, some of which do persist into adult life [20]. One recent study of quality of life
found that problems in school accounted for 25% of the variance in well-being among adult
women with Turner syndrome [21].

Survey studies have also explored the social and emotional functioning of adult women
with Turner syndrome [17-19]. Adult women with Turner syndrome report lower self-
concept similar to that found in child and adolescent groups. However only health status
was significantly associated with self-concept, accounting for 28% of the variance [17].
One study of a small sample of 22 adult women, found that 86% reported that their “self-
esteem needed improvement” and 72% endorsed being “sometimes depressed” [18].
Depressed mood was most commonly associated with regrets about infertility. These
women reported having had few friends during adolescents but none was socially isolated
as an adult.

Most women with Turner syndrome report heterosexual sexual orientation but many
have a delayed pattern of dating and initiation of sexual relationships [17]. Past reports of
prevalence rates for psychiatric diagnoses among women with Turner syndrome range from
2% to 10% (Sybert, unpublished data). However, a recent study of 100 women with Turner
syndrome found that 52% met criteria for a present on past episode of depression [22]. The
women with Turner syndrome in this sample had higher lifetime rates of depression than
community based samples but their rates were similar to contrasts groups recruited from
gynecological clinics.

In sum, the findings across behavioural studies suggest that girls with Turner syndrome
show a delay in terms of social and emotional development but that most adult women with
Turner syndrome are emotionally stable and living self-sufficient lives as independent
productive adults.
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4. Causal mechanisms

Efforts to understand what leads to the behavioural patterns that characterize girls and
women with Turner syndrome have investigated the role of genetic, hormonal and
environmental factors on the neurocognitive development of these women.

4.1. Genetic factors

There is some evidence that different karyotypes may be associated with specific
cognitive and behavioural outcomes. For instance, the risk for mental retardation is highest
in individuals with a marker chromosome (66%) or a ring (X) chromosome (30%) [23],
while learning disabilities are more common in girls and women with 45,X karyotype than
individuals with mosaicism [10]. In relation to behavioural profiles, Rovet reports [3] found
that girls with isochromosomes had most social problems, while those with other
rearrangements of the X chromosomes were at greatest risk for both social and behavioural
problems and those with mosaic karyotypes had the lowest risk of either social or
behavioural problems.

Haploinsufficiency of specific genes has been hypothesized as causing the physical and
behavioral features found in Turner syndrome [24]. While some of the phenotype of Turner
syndrome may be due to the effect of X-chromosome aneuploidy in the blastocyst prior to
X-inactivation, there may also be features that result from later lack of expression of genes
in the pseudoautosomal regions of the second X chromosome that usually escape X-
inactivation. These genes may be necessary for “normal functioning” [36,37]. Ross et al.
[25] demonstrated that visuospatial ability was poor in those females missing a specific
region of the short arm of the X chromosome that ordinarily escapes X inactivation. These
findings, along with those related to physical features of Turner syndrome [23], support the
hypothesis that that the genes in the noninactivated areas may play an important role in
phenotypic expression.

Imprinting, differential outcomes based on whether the individual’s intact X
chromosome comes from the mother or the father, may also play a role in the cognitive
and behavioural phenotype. Skuse et al. [26] found more social problems in girls with
Turner syndrome whose X was maternally derived than those with a paternal X, as well as
differential patterns of cognitive impairments. However, elevated rates of ADHD have been
reported in girls with Turner syndrome with no association between 1Q scores and parental
origin of the X chromosome [27].

4.2. Hormonal factors

Lack of exposure to typical level of ovarian hormones, both estrogens and
progesterones, may contribute to behavioral patterns observed in Turner syndrome. Ross
et al. [28-30] found that estrogen replacement was associated with some improvement in
visual perceptual and motor planning, speed of motor and cognitive processing and
memory function but did not improve visuospatial performance. Androgen exposure was
associated with some improvement in working memory but had no effects on verbal
abilities, spatial cognition or executive function [30]. A recent study of adult women
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suggests greater social anxiety and depression in both women with Turner syndrome and
premature ovarian failure [31]. Finally, studies of growth hormone therapy suggest positive
effects on behaviour with improvements in self-esteem, and socialization but no clear
effects on overall cognitive function [32,33].

4.3. Neurocognitive factors

Initial positron emission scanning (PET) and magnetic resonance studies have revealed
right posterior region disparities (e.g. volume differences) and parietal lobe abnormalities
when comparing individuals with Turner syndrome and female controls [34,35]. Findings
of temporal lobe differences including disproportionally reduced right hypocampal volume
and larger left amydala gray matter may relate to the memory and social cognition deficits
noted in Turner syndrome [34].

Recent research using fMRI techniques documents parietal lobe and prefrontal cortex
differences which are consistent with visual motor problems [36]. When presented with
math problems, girls with Turner syndrome demonstrated wider activation in the frontal and
parietal regions than controls but evidenced less activation with more complex problems
[37]. The investigators hypothesized that girls with Turner syndrome may partially
compensate for executive dysfunction by activating additional prefrontal cortex regions
involved in inhibition, attention and working memory.

There is a growing body of evidence to suggest a chromosomally determined process of
neurocognitive development, which, in turn, affects cognitive, social and behavior
development in individuals with Turner syndrome. Skusse and colleagues [14,38] have
explored one possible pathway by which neurocognitive deficits could affect social
function, in a series of investigations of the ability of women with Turner syndrome to
accurately interpret facial affect. This ‘cognitive’ inability to read and respond effectively to
facial affective cues may then result in social and behavioral deficits.

4.4. Environmental factors

Although there is growing support for a biologically based causal model, environmental
factors must also be considered. Individuals with Turner syndrome face many challenges.
Short stature and lack of spontaneous puberty alter their developmental course even if
treated. Many experience overprotection by family and ridicule from peers [39]. They must
overcome learning disabilities, manage an array of associated medical concerns and cope
with issues related to fertility.

5. Implications for care

In closing while most adult women with Turner syndrome appear to be well adjusted
areas of social, emotional and behavioral vulnerability present particularly during the
childhood and adolescent years. Strategies to enhance social and behavioural development
include: (1) individual cognitive testing at the onset of school with ongoing attention to
need for additional assessment or tutoring to keep up with grade level expectations; (2)
coaching to assure active social involvement especially during the middle and high school
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years; (3) preparing for emancipation and successful transition into the working world with
age appropriate expectations for participation in chores, social activities and jobs outside
the home; (4) educational planning early high school so that girls who have significant
learning problems can be guided appropriately including how to qualify for accommoda-
tions as needed at the college level.

References

[1] V.P. Sybert, E. McCauley, Turner’s syndrome, N. Engl. J. Med. 351 (12) (2004) 1227-1238.

[2] J. Ross, A. Zinn, E. McCauley, Neurodevelopmental and psychosocial aspects of Turner syndrome, Ment.
Retard. Dev. Disabil. Res. Rev. 6 (2) (2000) 135-141.

[3] J. Rovet, Turner syndrome: a review of genetic and hormonal influences on neuropsychological functioning,
Child. Neuropsychol. 10 (4) (2004) 262-279.

[4] L. Buchanan, J. Pavlovic, J. Rovet, A re-examination of the visuospatial deficit in Turner syndrome:
contributions of working memory, Dev. Neuropsychol. 14 (2-3) (1998) 341-367.

[5] S. Romans, et al., Executive function in girls with Turner’s syndrome, Dev. Neuropsychol. 13 (1) (1997)
23-40.

[6] J. O’Connor, M. Fitzgerald, H. Hoey, The relationship between karyotype and cognitive functioning in
Turner syndrome, Ir. J. Psychol. Med. 17 (3) (2000) 82-85.

[7] M. Mazzocco, Math learning disability and math LD subtypes: evidence from studies of Turner syndrome,
fragile X syndrome, and neurofibromatosis type 1, J. Learn. Disabilities 34 (6) (2000) 520—533.

[8] C. Temple, A.J. Marriott, Arithmetical ability and disability in Turner’s syndrome: a cognitive analysis, Dev.
Neuropsychol. 14 (1) (1998) 47—-67.

[9] M. Starke, A. Wikland, A. Moller, Parents’ descriptions of development and problems associated with infants
with Turner syndrome: a retrospective study, J. Paediatr. Child Health 39 (4) (2003) 293—298.

[10] E. McCauley, et al., Self-esteem and behavior in girls with Turner syndrome, J. Dev. Behav. Pediatr. 16 (2)
(1995) 82-88.

[11] M.M.M. Mazzocco, et al., Social functioning among girls with fragile X or Turner syndrome and their sisters,
J. Autism Deyv. Disord. 28 (1998) 509-517.

[12] E. McCauley, et al., Psychosocial developmental in adolescents with Turner syndrome, J. Dev. Behav.
Pediatr. 22 (2001) 360-365.

[13] D.H. Skuse, et al., Quality of life in children with Turner syndrome: parent, teacher, and individual
perspectives, in: D. Drotar (Ed.), Measuring Health-Related Quality of Life in Children and Adolescents:
Implications for Research and Practice, Lawrence Erlbaum Associates, Mahwah, NJ, 1998, pp. 313-326.

[14] K. Lawrence, et al., Face and emotion recognition deficits in Turner syndrome: a possible role for X-linked
genes in amygdala development, Neuropsychology 17 (1) (2003) 39—-49.

[15] K. Lesniak-Karpiak, M.M. Mazzocco, J.L. Ross, Behavioral assessment of social anxiety in females with
Turner or fragile X syndrome, J. Autism Dev. Disord. 33 (1) (2003) 55-67.

[16] Y.K. van Pareren, et al., Psychosocial functioning after discontinuation of long-term growth hormone
treatment in girls with Turner syndrome, Horm. Res. 63 (5) (2005) 238—-244.

[17] K. Pavlidis, E. McCauley, V.P. Sybert, Psychosocial and sexual functioning in women with Turner syndrome,
Clin. Genet. 47 (2) (1995) 85-89.

[18] L. Sylven, et al., Life with Turner’s syndrome—a psychosocial report from 22 middle-aged women, Acta
Endocrinol. (Copenh.) 129 (3) (1993) 188-194.

[19] F. Verlinde, et al., Health and psychosocial status of patients with Turner syndrome after transition to
adulthood: the Belgian experience, Horm. Res. 62 (4) (2004) 161-167.

[20] J. Ross, et al., Persistent cognitive deficits in adult women with Turner syndrome, Neurology 58 (2) (2002)
218-225.

[21] U.W. Boman, A. Moller, K. Albertsson-Wikland, Psychological aspects of Turner syndrome, J. Psychosom.
Obstet. Gynaecol. 19 (1) (1998) 1-18.

[22] G. Cardoso, et al., Current and lifetime psychiatric illness in women with Turner syndrome, Gynecol.
Endocrinol. 19 (6) (2004) 313-319.



E. McCauley, V. Sybert / International Congress Series 1298 (2006) 93—99 99

[23] V.P. Sybert, Turner syndrome, in: S.B. Cassidy, J.E. Allanson (Eds.), Management of Genetic Syndromes,
Wiley-Liss, New York, 2001, pp. 459-484.

[24] A.R. Zinn, J.L. Ross, Turner syndrome and haploinsufficiency, Curr. Opin. Genet. Dev. 8 (3) (1998)
322-327.

[25] J.L. Ross, et al., The Turner syndrome-associated neurocognitive phenotype maps to distal Xp, Am. J. Hum.
Genet. 67 (3) (2000) 672—681.

[26] D.V. Bishop, et al., Distinctive patterns of memory function in subgroups of females with Turner syndrome:
evidence for imprinted loci on the X-chromosome affecting neurodevelopment, Neuropsychologia 38 (5)
(2000) 712-721.

[27] H.F. Russell, et al., Increased prevalence of ADHD in Turner syndrome with no evidence of imprinting
effects, J. Pediatr. Psychol. (2006) 1-11.

[28] J.L. Ross, et al., Effects of estrogen on nonverbal processing speed and motor function in girls with Turner’s
syndrome, J. Clin. Endocrinol. Metab. 83 (9) (1998) 3198-3204.

[29] J.L. Ross, et al., Use of estrogen in girls with Turner syndrome: effects on memory, Neurology 54 (1) (2000)
164-170.

[30] J.L.Ross, et al., Androgen-responsive aspects of cognition in girls with Turner syndrome, J. Clin. Endocrinol.
Metab. 88 (1) (2003) 292—296.

[31] P.J. Schmidt, et al., Shyness, social anxiety, and impaired self-esteem in Turner syndrome and premature
ovarian failure, JAMA 295 (12) (2006) 1374—1376.

[32] J.L. Ross, Effects of growth hormone on cognitive function, Horm. Res. 64 (Suppl. 3) (2005) 89-94.

[33] P.T. Siegel, R. Clopper, B. Stabler, The psychological consequences of Turner syndrome and review of the
National Cooperative Growth Study psychological substudy, Pediatrics 102 (2 Pt 3) (1998) 488—491.

[34] S.R. Kesler, et al., Amygdala and hippocampal volumes in Turner syndrome: a high-resolution MRI study of
X-monosomy, Neuropsychologia 42 (14) (2004) 1971-1978.

[35] T. Elliot, et al., Positron emission tomography and neuropsychological correlations in children with Turner’s
syndrome, Dev. Neuropsychol. 12 (3) (1996) 365-386.

[36] L. Tamm, V. Menon, A.L. Reiss, Abnormal prefrontal cortex function during response inhibition in Turner
syndrome: functional magnetic resonance imaging evidence, Biol. Psychiatry 53 (2) (2003) 107—111.

[37] S.R. Kesler, V. Menon, A.L. Reiss, Neurofunctional differences associated with arithmetic processing in
Turner syndrome, Cereb. Cortex 16 (2006) 849—-856.

[38] K. Lawrence, et al., Interpreting gaze in Turner syndrome: impaired sensitivity to intention and emotion, but
preservation of social cueing, Neuropsychologia 41 (8) (2003) 894-905.

[39] V.I Rickert, et al., The effects of peer ridicule on depression and self-image among adolescent females with
Turner syndrome, J. Adolesc. Health 19 (1) (1996) 34-38.



	Social and behavioral development of girls and women with Turner syndrome
	Introduction
	Cognitive development
	Social and behavioral development across the lifespan
	Childhood
	Adolescence
	Adulthood

	Causal mechanisms
	Genetic factors
	Hormonal factors
	Neurocognitive factors
	Environmental factors

	Implications for care
	References


