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Abstract

AIM—To study sex differences in attention-deficit/hyperactivity disorder (ADHD) symptoms, we 

explored whether X chromosome absence or excess is independently associated with deficits in 

attention and hyperactivity, executive function, and processing speed.

METHOD—We assessed 116 children (ages 3y 10mo–11y 11mo, mean 8y 5mo, SD 1y 11mo) 

with a variable number of sex chromosomes: 36 females with Turner syndrome (45, X0), 20 males 

with Klinefelter syndrome (47, XXY), 37 typically developing females (XX), and 23 typically 

developing males (XY).

RESULTS—X chromosome absence was associated with increased attention problems, 

hyperactivity, and deficits in inhibitory control, compared with female children with XX 

(all p<0.003). Conversely, X chromosome excess was associated with weakness in working 

memory (p=0.018) and approached significance for attention problems (p=0.071) but not with 

hyperactivity, or weakness in inhibitory control relative to male children with XY. Using 

nonparametric effect size to quantify the clinical effect revealed that X chromosome absence 

affected attention, hyperactivity, executive function, and processing speed (all r>0.4), while X 

excess affected in-laboratory as well as parent-reported working memory (all r>0.4).

INTERPRETATION—Our observations provide compelling evidence that the absence or excess 

of an X chromosome distinctly affects cognition and behaviors associated with ADHD.

Sexual dimorphism in neurodevelopmental disorders, such as autism spectrum disorder 

and attention-deficit/hyperactivity disorder (ADHD), is widely recognized. For ADHD, 

differences between males and females in prevalence, course, comorbidities, and clinical 
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manifestations are hallmarks of this diagnosis. Concerning clinical manifestations, female 

children with ADHD are more likely than males to be diagnosed with the predominantly 

inattentive type of ADHD,1 while symptom severity is higher in males than females.2 The 

complex array of genetic, hormonal, and social differences associated with ADHD obscures 

the biological factors affecting sexual dimorphism in this disorder.3 Not surprisingly, 

traditional methods comparing males and females with idiopathic ADHD versus groups of 

typically developing peers have yielded limited information about the relative contribution 

of biological factors to observed behavioral differences between the sexes.4 The study of sex 

chromosome aneuploidies (SCAs), which are associated with changes in sex chromosome 

number and constitution, has emerged as a promising strategy for elucidating genetic, 

hormonal, and inflammatory substrates of sexual dimorphism in the manifestation of ADHD 

symptoms.3,5 This approach of studying children with SCAs is aimed at simplifying the 

investigation of complex behaviors such as attention and hyperactivity in humans.

Two common SCAs are Klinefelter syndrome (most commonly a 47, XXY karyotype; 1 

in 500 male live births)6 and Turner syndrome (most commonly 45, X0; 1 in 2000 female 

live births).7 In typically developing females (XX), one of two X chromosomes undergoes 

inactivation, yet about 15% of inactivated X chromosome genes escape inactivation, 

resulting in expression of two gene copies; only one gene copy is present in female children 

with Turner syndrome. Genes on the additional X chromosome in Klinefelter syndrome (47, 

XXY) also escape inactivation, resulting in increased X chromosome gene expression in 

male children with Klinefelter syndrome compared with typically developing peers, along 

with Y chromosome gene expression.

Turner syndrome and Klinefelter syndrome present inverse profiles of strengths and 

weaknesses in many cognitive dimensions in the context of overall ‘normal’ intelligence.8–10 

While female children with Turner syndrome present with relative weakness in visuospatial 

abilities and strengths in verbal skills, males with Klinefelter syndrome usually present 

with relative strength in visuospatial abilities and weaknesses in verbal skills. Nevertheless, 

both SCAs have been associated with weaknesses in social cognition11–14 and executive 

function,9,15–17 and ADHD symptoms.16,18–20 While several studies show that females with 

Turner syndrome present with weaknesses in processing speed,21 data about Klinefelter 

syndrome for males are less conclusive. Some studies show no differences compared 

with typically developing peers.22 Others find weaknesses in processing speed, with some 

evidence for more impairment in verbal rather than non-verbal information processing.15

With respect to ADHD symptoms, 25% of female children and adolescents with Turner 

syndrome present with an extensive set of related executive function weaknesses23,24 and 

meet Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) 

criteria for ADHD;25 while we reported in our previous study15 that half of a distinct cohort 

of female children with Turner syndrome displayed significant levels of attention problems 

and hyperactivity. Using a national registry, 4.9% of individuals with Klinefelter syndrome 

had registered or received treatment for a diagnosis of ADHD.26 In contrast, children with 

Klinefelter syndrome had a 63% rate of ADHD diagnosis using the Kiddie-Sads-Present 

and Lifetime Version interview.27 Use of the Conners’ Parent Rating Scale-Revised Long 

Version indicates that 42% of male children with Klinefelter syndrome have significantly 
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elevated rates of ADHD compared with typically developing peers.28 Similarly, using the 

DSM-IV, 36% of males with Klinefelter syndrome meet diagnostic criteria for ADHD, with 

predominantly inattentive symptoms.29

Given previous reports of significantly elevated risks for ADHD symptomatology in Turner 

syndrome and Klinefelter syndrome, we hypothesized that both SCAs would be associated 

with an overall increase in ADHD symptoms in the new cohort described here. However, on 

the basis of our previous results outlining elevated levels of hyperactivity in female children 

with Turner syndrome compared with those with non-syndromic ADHD,16 we further 

predicted that differences in X chromosome number would be associated with distinct 

ADHD symptom profiles for Turner syndrome and Klinefelter syndrome. Specifically, 

we hypothesized that Turner syndrome (45, X0) would be associated with a ‘male 

ADHD profile’ (i.e. increased attention problems, hyperactivity, and executive function 

weaknesses), while Klinefelter syndrome (47, XXY) would be associated with a ‘female 

ADHD profile’ (i.e. predominantly increased attention problems, along with a corresponding 

pattern of executive function weaknesses).

To test our hypotheses, we compared female children with Turner syndrome and male 

children with Klinefelter syndrome versus their respective typically developing sex-matched 

peers on a comprehensive assessment of ADHDsymptoms and associated cognitive 

measures of executive function. Also, we contrasted each SCA with the opposite-sex 

typically developing comparison groups to provide additional information about the effects 

of sex chromosome number and constitution (specifically X chromosome number) on 

cognition and behavior. To the best of our knowledge, such a direct assessment comparing 

ADHD profiles among females with Turner syndrome, males with Klinefelter syndrome, 

and typically developing peers has not been conducted to date.

METHOD

Participants

One-hundred and sixteen participants (ages 3y 10mo–11y 11mo, mean 8y 5mo, SD 1y 

11mo) were included in this study: 36 females with Turner syndrome and 20 males with 

Klinefelter syndrome were recruited through pediatric endocrinologists, medical geneticists, 

the national Turner Syndrome Society network, the Association for X and Y Chromosome 

Variations, and the Center for Interdisciplinary Brain Sciences Research website. Thirty-

seven typically developing female and 23 male controls were recruited through local parent 

organizations, advertisements, and from siblings of participants with Turner syndrome or 

Klinefelter syndrome. More information about the participants can be found in Appendix S1 

(online supporting information).

This study was approved by the local Institutional Review Board of the Stanford University 

School of Medicine, and informed written consent was obtained from a legal guardian for all 

participants, as well as written assent from participants over 7 years of age.
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Study design

The four groups constituting this study were compared on behavioral measures of attention 

and hyperactivity using the Behavior Assessment System for Children, Second Edition, 

specifically hyperactivity and attention problems, and on cognitive–behavioral measures 

of executive function. Cognitive and behavioral measures of executive function included 

the Behavior Rating Inventory of Executive Function, specifically inhibit, shift, emotional 

control, working memory, and plan/organize; the Developmental NEuroPSYchological 

Assessment, version 2 (NEPSY-2), specifically auditory attention, response inhibition, 

naming, inhibition, and switching; and the age appropriate Wechsler Intelligence scale 

(Wechsler Intelligence Scale for Children, Fourth Edition or Wechsler Preschool and 

Primary Scale of Intelligence, Third Edition working memory (digit span and letter–

number sequencing) and processing speed (coding and symbol search) subscales. Details 

on measures can be found in Appendix S1.

Data analysis

For all analyses, we used R software for statistical computing version 4.0.2 (R Foundation 

for Statistical Computing, Vienna, Austria). We used non-parametric tests given the non-

normal distribution of the data (particularly for the male groups). Group ages and full-scale 

IQ scores were compared with a Kruskal–Wallis test. Fisher’s exact test was used to 

compare pubertal development,30 represented by Tanner scores for pubic hair and female 

breast/male genitalia development. Owing to the low frequencies of participants with a 

Tanner score greater than 2, we combined participants in Tanner stages 3 (n=7) and 4 (n=2) 

into one group (Table 1).

We used a Kruskal–Wallis test to compare attention problems, hyperactivity, and cognitive 

measures of executive function between groups. For measurements with significant Kruskal–

Wallis test results, a Wilcoxon rank-sum test (Mann-Whitney U test) was used to conduct 

post hoc analyses comparing the study group pairs. Behavior Rating Inventory of Executive 

Function T-scores are already adjusted for sex; thus, for this measurement, we only 

compared same-sex group pairs (i.e. Turner syndrome vs typically developing females, and 

Klinefelter syndrome vs typically developing males).

Holm’s adjustment30 was used to control for multiple comparisons for each cognitive–

behavioral outcome category (instrument), namely Behavior Assessment System for 

Children, Second Edition, Behavior Rating Inventory of Executive Function, NEPSY, and IQ 

subtests.

Finally, to measure the clinical effect of sex chromosomes on cognition and behavior, 

we used between-subject, nonparametric effect sizes r using the rank-biserial correlation 

(specifically, we used the r-function effectsize::rank_biserial).31 This rank is calculated from 

the Wilcoxon rank-sum test: a non-parametric statistical test used to compare two nonpaired 

groups. The rank-biserial correlation is calculated using average ranks from two sets of 

data and sample size in each group. To interpret the calculated value, one can draw on the 

interpretation of the classical Pearson’s correlation coefficient (r), hence the strength of the 

relationship.31
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RESULTS

Demographics

The study groups did not differ significantly in age (Kruskal–Wallis X3
2=1.19, p=0.76; Table 

1), or pubertal development (Fisher’s exact test, p=0.22; Table 1). As expected,11,12,32 

full-scale IQ differed significantly between groups (Kruskal–Wallis X3
2=43.2, p<0.001), with 

both SCAs receiving comparably lower full-scale IQ scores than sex-matched typically 

developing peers. However, it should be noted that all four groups demonstrated a mean 

full-scale IQ within the range of average intelligence (Table 1 and Fig. S1 [online supporting 

information]).

Behavioral measures of ADHD symptoms

The four study groups differed in behavioral measures of attention problems and 

hyperactivity (Table 2 and Fig. 1). Post hoc analysis revealed that females with Turner 

syndrome had elevated parent-reported attention problems and hyperactivity compared with 

typically developing females. Overall, males with Klinefelter syndrome had elevated parent-

reported attention problems but not hyperactivity compared with typically developing males. 

Using a cut-off of 60 and above in the Behavior Assessment System for Children, Second 

Edition assessment (scores above the ‘at-risk’ level for the measured behavior), we observed 

that 42% of females with Turner syndrome were reported by their parents to have attention 

problems and hyperactivity. Fifty-five percent of males with Klinefelter syndrome were 

parent-reported as having attention problems while 40% had hyperactivity (Table 1).

Executive function: parent-reported and in-person laboratory evaluation

In general, we observed that females with Turner syndrome scored higher (i.e. were more 

impaired) than typically developing females on most of the parent-reported executive 

function metrics. Males with Klinefelter syndrome scored higher only on working memory 

compared with typically developing males (Table 2 and Fig. 1).

The four study groups differed significantly in cognitive tasks of attention and inhibition 

(Table 2 and Fig. 2). Post hoc analyses revealed that females with Turner syndrome 

performed worse on attention and inhibition tasks than typically developing comparison 

groups.

Notably, across all groups, 24 participants were not within the required age range (>7y) for 

the response inhibition and switching subtests of the NEPSY-2. However, the percentage of 

participants who did not complete this task did not differ between groups (X3
2=5.91, p=0.12; 

see Appendix S1 for the complete number of participants who completed each subtest of the 

NEPSY-2, and other tests administered).

We further evaluated processing speed across the entire age range (3y 10mo–11y 11mo) 

using processing speed subtests from the IQ measures. We observed differences between 

study groups for coding and symbol search (Table 2 and Fig. 2); post hoc analyses 

revealed that females with Turner syndrome scored lower than typically developing females. 

Conversely, scores from males with Klinefelter syndrome were generally comparable to 
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those of typically developing males on tasks measuring processing speed (coding and 

symbol search) although were lower compared with typically developing females for coding 

(p=0.026).

Finally, SCA groups differed from comparison groups on working memory subtests from the 

IQ measures (Table 2 and Fig 2). Scores for females with Turner syndrome and males with 

Klinefelter syndrome were lower than those of the typically developing comparison groups 

of both sexes for the digit span and letter–number sequencing subtests.

The effects of X chromosome number on cognition and behavior

To measure the clinical effect of sex chromosome variation on ADHD symptoms and 

executive function, we calculated effect sizes and confidence intervals for all measures 

significantly different between the groups (Figs 1 and 2). We observed significant effects 

(confidence interval did not cross 0) of Turner syndrome and Klinefelter syndrome on 

parent-reported as well as in-laboratory measures of working memory (parent-reported 

working memory, digit span letter–number sequencing) compared with same-sex typically 

developing groups (Fig. 3). In contrast, Turner syndrome but not Klinefelter syndrome 

had a significant effect on attention and hyperactivity (parent-reported attention problems 

and hyperactivity, auditory attention) and broad-ranging problems with executive functions 

including inhibition (parent-reported inhibit and inhibition), planning (parent-reported plan/

organize), shifting (parent-reported shift and response set), processing speed, and working 

memory (coding, symbol search, digit span, and letter–number sequencing). These results 

suggest that while children with SCAs have ADHD symptoms and associated weaknesses 

in executive function compared with typically developing peers, each SCA has a distinct 

profile of ADHD symptoms and related executive function weaknesses.

DISCUSSION

Our findings show that females with Turner syndrome and males with Klinefelter 

syndrome display increased ADHD symptoms and weaknesses in executive function 

relative to typically developing comparison groups. Further, we found distinct behavioral 

and cognitive profiles in these genetic conditions. Compared with groups of typically 

developing females and males, females with Turner syndrome display elevated levels of 

attention problems, hyperactivity, and weaknesses in inhibition skills. Males with Klinefelter 

syndrome show attention problems and working memory weaknesses compared with groups 

of typically developing females and males. Using effect sizes, we further confirm the 

clinical significance of our results, demonstrating significant effect sizes for the group with 

Turner syndrome for attention problems, hyperactivity, and weaknesses in auditory attention, 

inhibition skills, and processing speed. For both SCAs we found significant effect sizes for 

parent-reported working memory and in-laboratory measures of working memory compared 

with same-sex comparison groups (Fig. 3).

Our findings are mostly in line with previous studies of ADHD symptoms15,22,25–28 and 

executive function8,9,15,2 in individuals with Turner syndrome or Klinefelter syndrome. For 

females with Turner syndrome, an increase in attention problems and hyperactivity has been 

well docu-mented.15,22 The observed pattern of ADHD symptoms (i.e. increased attention 
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problems without hyperactivity) among males with Klinefelter syndrome is also in line with 

previous studies in young males (<10y) with Klinefelter syndrome.7,30 The results of the 

present study expand the previous framework of ADHD in each of the syndromes by finding 

a distinctive profile of ADHD symptoms in Turner syndrome and Klinefelter syndrome 

when tested simultaneously.

Similarly, we observed a distinct executive function profile in Turner syndrome and 

Klinefelter syndrome. In Turner syndrome, affected domains included working memory, 

processing speed, and inhibition abilities. These results are consistent with earlier studies 

reporting weaknesses in these executive function domains using the NEPSY,12,16 Behavior 

Rating Inventory of Executive Function,23 and Rey Figure Organizational score,33 as well 

as tasks such as the Contingency Naming Task34 and the Stroop Test35 measuring inhibition 

skills. In contrast, in Klinefelter syndrome, affected domains included parent-measured 

and in-laboratory working memory, but not in processing speed or inhibition skills (Fig. 

3). The deficits in inhibition in Turner syndrome are aligned with the broader literature 

of ADHD in females, showing a link between performance in response inhibition tasks 

and hyperactive–impulsive symptoms.36 The deficits in parent-reported working memory 

measures are aligned with the cognitive measures of working memory (assessed using the 

digit span and letter–number sequencing subtests) in both groups. Yet, it should be noted 

that these measures also tend to be lower in children with reading impairments, a common 

finding in Klinefelter syndrome.37,38 Thus, for Klinefelter syndrome, we cannot conclude 

whether these findings are specifically secondary to learning impairments or attention 

problems. Overall, the observation of inhibition deficits in Turner syndrome (45, X0) but 

not in Klinefelter syndrome (47, XXY) suggest a protective effect of the X chromosome in 

this domain.

The number of X chromosomes is thought to affect neurodevelopment through various 

mechanisms including genes that escape X inactivation, the pattern of random X inactivation 

in females, parental X imprinting, and epigenetic effects.39 Furthermore, the number and 

constitution of sex chromosomes may also have a more widespread effect on genome-wide 

gene expression.40 X chromosome genes that escape inactivation and lack a Y chromosome 

homologue are potential candidates for sexual dimorphism41 because of the resulting 

variable gene dose in males and in females. The loss of genes that escape inactivation in 

Turner syndrome is suggested as a possible explanation for the susceptibility of females with 

Turner syndrome to developing ADHD symptoms and executive function weaknesses.15 

A recent study41 examining gene expression in SCA confirmed the haploinsufficiency of 

genes that escape inactivation in Turner syndrome. Raznahan et al.41 found that inactivated 

X-linked genes are overexpressed in Turner syndrome yet undergo further silencing with 

mounting numbers of X chromosomes (XXY or XXX or XXYY). Therefore, it is predicted 

that males with Klinefelter syndrome who have two X chromosomes are theoretically 

more likely to phenotypically mimic females with idiopathic ADHD. The results of the 

present study support this hypothesis. The distinct ADHD symptoms and executive function 

profile found in the focal SCAs provide a potential biological explanation for the male 

predominance in early neurodevelopmental disorders, including ADHD,4 and the relatively 

high rates of ADHD symptoms of attention problems and hyperactivity in females with 

Turner syndrome.
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Caution should be exercised when interpreting results of this study because of several 

limitations. Our groups of typically developing males and those with Klinefelter syndrome 

were smaller than the typically developing female and Turner syndrome groups, probably 

contributing to the result that many of the comparisons of males with Klinefelter syndrome 

versus typically developing peers yielded only a near-significant trend. Analyses of effect 

size allowed us partly to overcome this limitation.42 For the group with Klinefelter 

syndrome, we included limited data on the timing of diagnosis (Table 1). Unlike 

Turner syndrome, which is associated with a physical phenotype that leads to syndrome 

detection, children with Klinefelter syndrome might not present an apparent phenotype 

indicating the condition. Previous work has shown that the degree of impairment faced 

by young people with sex chromosome trisomies, including Klinefelter syndrome, is 

correlated with the timing of diagnosis (either pre- or postnatal).43 Another limitation 

of this study is that although comparisons in prepubertal individuals with SCAs provide 

a rather lucid examination of the effects of changes in sex chromosome number and 

constitution, changes in hormonal profile (especially in Turner syndrome) probably also 

affect neurodevelopment.44 On processing speed measures, one should consider that the 

Wechsler Intelligence Scale for Children, Fourth Edition processing speed index has a 

large motor component—particularly the coding subtest. Thus, the motor difficulties that 

are known to be associated with Turner syndrome45 and Klinefelter syndrome18 could be 

contributing to the reduced processing speed observed in Turner syndrome. Finally, given 

the relatively small sample size of our male groups and our choice of using non-parametric 

testing, we did not include IQ as a covariate in our group comparisons. This approach 

potentially limits our ability to test whether group differences in ADHD symptoms and 

executive function are derived from SCA genotype only or also by overall cognitive abilities.

In conclusion, we herein expand the framework for examining the effect of X chromosome 

number on ADHD symptoms and associated cognitive constructs using two SCAs, 

enabling unique contrast of X chromosome absences versus excess. Our results stress 

the association between X chromosome number and sexually dimorphic presentation of 

attention, hyperactivity, and executive function, and inform clinical management in these 

common SCAs. We suggest that specific treatments and outcome measures targeting 

symptoms of hyperactivity and inhibition skills should be used in clinical management 

of ADHD symptoms in Turner syndrome. For Klinefelter syndrome, observations from 

the present study and others18 suggest that male children have an increased tendency for 

attention problems without hyperactivity, and therefore are more likely to be underdiagnosed 

and undertreated (similarly to female children with idiopathic ADHD46). Thus, increased 

vigilance for symptoms of attention problems in Klinefelter syndrome may affect long-term 

outcomes in individuals with this common genetic condition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

• X chromosome number has a distinctive effect on attention-deficit/

hyperactivity disorder symptoms.

• X chromosome absence is associated with increased attention problems, 

hyperactivity, and weakness in executive functions.

• X chromosome excess is associated with weaknesses in attention and working 

memory.

• Clinical management for children with Turner syndrome should focuson 

attention problems, hyperactivity, and weak inhibition skills.

• Clinical management for children with Klinefelter syndrome should focuson 

attention problems and impaired working memory.
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Figure 1: 
Behavioral symptoms of attention-deficit/hyperactivity disorder (ADHD) and executive 

functions in female children with Turner syndrome (TS), male children with Klinefelter 

syndrome (KS), typically developing (TD) females, and typically developing males. 

Behavioral symptoms of ADHD were measured using the attention problems and 

hyperactivity scales of the Behavior Assessment System for Children, Second Edition 

(BASC-2). Executive function profile was measured using the attention and executive 

function scales/subtests of the Behavior Rating Inventory of Executive Function (BRIEF) 

scales: inhibit, shift, emotional control, working memory, and plan/organize. SE, standard 

error.
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Figure 2: 
Detailed cognitive profile for female children with Turner syndrome (TS), male children 

with Klinefelter syndrome (KS), typically developing (TD) females, and typically 

developing males using the Developmental NEuroPSYchological Assessment (NEPSY) 

measure of attention and executive function: auditory attention, response set, naming, 

inhibition, and switching. Subtests of the Wechsler Preschool and Primary Scale of 

Intelligence Third Edition (for children <6y) or Wechsler Intelligence Scale for Children, 

Fourth Edition (for children ≥6y): digit span, letter–number sequencing, coding, and symbol 

search. SE, standard error.
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Figure 3: 
Study design and the measured effects of sex chromosome variation on attention-deficit/

hyperactivity disorder (ADHD) phenotype and executive function. We compared females 

with Turner syndrome (TS) and males with Klinefelter syndrome (KS) with sex-matched 

typically developing peers. Comparing males with Klinefelter syndrome (XXY) versus 

typically developing males (XY), theoretically measuring the effect of an X chromosome 

addition. Comparing females with Turner syndrome (45, X0) versus typically developing 

females (XX), theoretically measuring effect of missing an X chromosome. Effect size 
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(rank-biserial correlation, r): x-axis, non-parametric effect size (confidence interval); y-axis, 

Turner syndrome versus typically developing females (XX) X(-), Klinefelter syndrome 

(XXY) versus typically developing males (XY) X(+). A vertical line was added at 

r=0 to mark confidence interval significance.47 BASC, Behavior Assessment System for 

Children; BRIEF, Behavior Rating Inventory of Executive Function; NEPSY, Developmental 

NEuroPSYchological Assessment.
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Table 1:

Demographics

Turner syndrome Klinefelter syndrome Typically developing 
females

Typically developing 
males

n 36
20

a 37 23

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age, y:mo 8:5 (1:11) 8:5 (2:2) 8:10 (1:7) 8:0 (2:2)

Age range, y:mo 3:10–10:10 4:9–11:2 4:11–11:8 3:11–11:11

FSIQ 93.2 (12.7) 96.5 (11.2) 111.0 (10.1) 111.3 (8.4)

PSI/PIQ 91.8 (14.7) 103.6 (13.6) 112.8 (11.6) 113.1 (11.2)

VCI/VIQ 105.4 (13.9) 97.2 (12.1) 111.6 (13.1) 116.0 (14.4)

PSI/PSQ 82.4 (15.2) 92.1 (10.4) 100.2 (11.2) 97.0 (12.0)

WMI 90.0 (10.5) 89.1 (14.0) 103.7 (10.1) 102.0 (9.0)

Attention problems, 
n (%)

16 (42.1) 11 (55) 5 (13) 2 (8.6)

Hyperactivity, n (%) 
Medications, n (%)

16 (42.1) 8 (40) 2 (5) 2 (8.6)

 Growth hormone 31 (81.6) — — —

 Sex hormones 1 (0.025mg estrogen 
patch)

1 Oxandrolone — —

 Stimulants — — — —

Pubic hair Breasts Pubic hair Male 
genitalia

Pubic hair Breasts Pubic hair Male 
genitalia

Tanner stage n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

1 35 (92.1) 34 (89.5) 19 (100) 16 (84.2) 26 (72.2) 26 (72.2) 21 (95.5) 19 (86.4)

2 1 (2.6) 4 (10.5) 0 2 (10.5) 7 (19.4) 9 (25) 1 (4.5) 1 (4.5)

3 2 (5.3) 0 0 1 (5.3) 2 (5.6) 0 0 2 (9.1)

4 0 0 0 0 1 (2.8) 1 (2.8) 0 0

5 0 0 0 0 0 0 0 0

a
Of the cohort with Klinefelter syndrome, two participants were diagnosed prenatally, seven postnatally, and for 11 participants these data were 

not available. Full-scale IQ (FSIQ) from the Wechsler Preschool and Primary Scale of Intelligence, Third Edition (WPPSI-111) or Wechsler 
Intelligence Scale for Children, Fourth Edition (WISC-IV); PRI/PIQ, composite scores for the Perceptual Comprehension Index from the WISC-IV 
or performance IQ from the WPPSI-III; VCI/VIQ, Verbal Comprehension Index from the WISC-IV or verbal IQ from the WPPSI-III; WMI, 
Working Memory Index from the WISC-IV; PSI/PSQ, the Processing Speed Index from the WISC-IV or Processing Speed Quotient from the 
WPPSI-III.
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Table 2:

Summary statistics

Kruskal-Wallisx χ2 (p) TS vs TD females, 
p

TS vs TD males, 
p

KS vs TD females, 
p

KS vs TD males, 
p

Attention problems 21.43 (<0.001) <0.001 <0.01 <0.01 0.07

Hyperactivity 17.98 (<0.001) <0.001 <0.01 <0.05 0.26

Inhibit — <0.05 — — 0.22

Shift — <0.05 — — 0.08

Emotional control — 0.25 — — 0.06

Working memory — <0.001 — — <0.05

Plan/organize — <0.05 — — 0.07

Auditory attention 7.88 (<0.05) <0.05 <0.05 0.22 0.15

Response inhibition 11.14 (<0.05) <0.01 <0.05 0.07 0.24

Naming 0.19 (0.34) 0.19 0.99 <0.05 0.28

Inhibition 17.93 (<0.001) <0.001 <0.01 0.13 0.19

Switching 2.78 (0.43) 0.14 0.26 0.47 0.61

Digit span 21.57 (<0.001) <0.001 <0.001 <0.01 0.05

Letter-number sequencing 26.67 (<0.001) <0.001 <0.01 <0.001 <0.001

Coding 20.89 (<0.001) <0.001 <0.05 <0.05 0.25

Symbol search 23.71 (<0.001) <0.001 <0.001 0.67 0.55

TS, female children with Turner syndrome; KS, male children with Klinefelter syndrome; TD, typically developing.
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