
No association between the 2D:4D fetal testosterone marker and
multidimensional attentional abilities in children with ADHD

JURGEN LEMIERE1 | BART BOETS2 | MARINA DANCKAERTS1

1 Department of Child and Adolescent Psychiatry, UPC-KULeuven, Leuven, Belgium. 2 Centre for Parenting, Child Welfare and Disabilities, KU Leuven; ExpORL, Department of
Neurosciences, KU Leuven, Leuven, Belgium.

Correspondence to Dr Jurgen Lemiere at Child and Adolescent Psychiatry, UPC-KULeuven, Herestraat 49, 3000 Leuven, Belgium. E-mail: jurgen.lemiere@uz.kuleuven.be

PUBLICATION DATA

Accepted for publication 5th March 2010.
Published online.

LIST OF ABBREVIATIONS
CBCL Child Behavior Checklist
FLR Finger length ratio
K-SADS-P Schedule for Affective

Disorders and Schizophrenia
for School- Age Children

TEA-Ch Test of Everyday Attention for
Children

TRF Teacher Report Form

AIM It has been suggested that high levels of prenatal testosterone exposure are implied in the

aetiology of attention-deficit–hyperactivity disorder (ADHD). This study examined the association

between the ratio of the length of the second and fourth digits (2D:4D ratio), a marker of fetal

testosterone exposure, and the presence of ADHD-related cognitive and behavioural problems in

children with ADHD and in typically developing comparison individuals.

METHOD A clinically referred group of 64 children who fulfilled DSM-IV-TR criteria for ADHD (47

males, 17 females; mean age 8y 8mo, SD 1y 8mo, range 7–12y) and 46 comparison children (25

males, 21 females; mean age 9y 2mo; SD 1y 10mo, range 7–12y) were included in the study.

The length of the second and fourth digits was measured by two independent raters. The Child

Behaviour Checklist (CBCL) and the Test of Everyday Attention for Children (TEA-Ch) were used to

assess behavioural problems and different aspects of attention.

RESULTS No group differences in 2D:4D ratio were observed between children with (combined,

inattentive, or hyperactive-impulsive subtype of) ADHD and comparison children. The ratio did not

show the postulated relation with cognitive and behavioural aspects of ADHD.

INTERPRETATION These findings challenge the hypothesis that fetal testosterone exposure plays

a prominent role in the aetiology of ADHD.

Attention-deficit–hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder that is characterized by
pervasive behavioural problems of inattention and ⁄ or hyper-
activity and impulsivity. ADHD is a multifactorial disorder
with a complex aetiology and a strong genetic component.
According to the Diagnostic and Statistical Manual of Mental
Disorders, Text Revision (DSM-IV-TR),1 ADHD can be
divided into three subtypes on the basis of the predominance
of inattentive symptoms (ADHD-I), hyperactive–impulsive
symptoms (ADHD-H), or a combination of both (ADHD-C).

Males are about three times more likely to be identified with
ADHD than females.2 The precise mechanisms underlying
this sex difference are poorly understood and scarcely studied.
Genetic and hormonal differences are the two most obvious
possible causes for this male preponderance of ADHD. More
than a decade ago, it was hypothesized that androgenic influ-
ences operating pre- or perinatally might contribute to the sex
difference.3 Several lines of research support the idea that pre-
natal testosterone exposure might play a role in the develop-
ment of ADHD. It has been demonstrated that male fetuses
are exposed to significantly higher levels of testosterone than
female fetuses.4 These elevated testosterone levels are sup-
posed to be responsible for sex-specific organizational effects
on the developing nervous system, through the modulation of

neurotransmitters such as dopamine. The dopamine system is
thought to play a pivotal role in the neurobiology of ADHD.
Some recent animal studies seem to support the involvement
of testosterone in the development of ADHD.4 Owing to
complications in assessing prenatal testosterone concentra-
tions, empirical validation in humans has been difficult so far.
Recent evidence, however, has indicated that the ratio between
the length of the index finger (2D) and the ring finger (4D) is
stable over a lifetime and is inversely related to fetal testoster-
one exposure.5 Therefore, some studies have used the 2D:4D
ratio as a non-invasive marker of fetal testosterone exposure to
investigate the associations between prenatal testosterone
exposure and neurodevelopmental disorders such as ADHD.
If ADHD is indeed related to higher prenatal testosterone
levels, one would expect to observe a smaller 2D:4D ratio in
individuals with ADHD.

A first line of studies investigated the relationship between
digit ratios and ADHD symptom severity assessed with ques-
tionnaires in unselected population samples. Williams et al.6

demonstrated that lower 2D:4D ratios were related to
increased levels of hyperactivity in preschool females but not
in males. Similarly, Stevenson et al.7 showed that a more
masculine 2D:4D ratio was related to a higher number of
self-reported subclinical inattentive and hyperactive impulsive
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symptoms in females. Finally, Fink et al.8 demonstrated that
inattention, hyperactivity, and conduct problems correlated
with lower 2D:4D ratios in males but not in females, and that
externalizing problems in females and social problems in males
were related to a lower 2D:4D ratio.

To date, only three studies have examined finger length
ratios (FLRs) in samples of individuals with clinically diag-
nosed ADHD. De Bruin et al.9 found that the 2D:4D ratio
was lower in males with ADHD and ⁄ or oppositional defiant
disorder than in males with anxiety disorders. McFadden
et al.10 found that males but not females with ADHD-I had a
smaller FLR than individuals with ADHD-C or comparison
individuals. Martel et al.11 found that right-hand FLR differ-
entiated between ADHD and comparison individuals in males
but not in females, and that more masculine ratios correlated
with parent- and teacher-rated inattentive and hyperactive–
impulsive symptoms in males but not in females. No subtype
group difference was observed.

To date, no study has examined the relationship between
the 2D:4D ratio and cognitive functioning in ADHD. How-
ever, investigation of this association is worthwhile, as animal
models of ADHD have demonstrated that increased exposure
to testosterone early in development may lead to changes in
cognitive functioning and dopamine innervation in the frontal
cortex.4 Cognitive control, defined as the ability to direct
attention and behaviour in an effortful manner, involves
top-down signalling from the prefrontal cortex modulated by
the dopamine circuitry.12 There is growing evidence that a
significant proportion of children with ADHD demonstrate
deficits on measures of cognitive control.13 It can be hypothe-
sized, therefore, that prenatal testosterone exposure as mea-
sured by the 2D:4D ratio is associated with cognitive
problems in ADHD. To our knowledge, this is the first study
to address this question.

In the present study, we measured 2D:4D ratios and admin-
istered a comprehensive battery of tests assessing aspects of
selective attention, sustained attention, and attentional con-
trol, as well as behavioural rating scales, in children with
ADHD and in comparison individuals. The aim of the current
study was to replicate and extend previous work by addressing
three research questions: (1) Are 2D:4D ratios smaller in chil-
dren with ADHD than in comparison individuals? (2) Are
group differences in 2D:4D ratios related to a specific subtype
of ADHD? (3) Is there an association between 2D:4D ratios
and behavioural and ⁄ or attentional problems?

METHOD
Participants
A total of 110 white primary school children, aged between 7
and 12 years, participated in the study. The ADHD group
was recruited from children referred to the polyclinic at the
University Hospitals of Leuven, Belgium, who received a for-
mal ADHD diagnosis based on the criteria of the DSM-IV-
TR.1 The diagnosis was based on a semi-structured interview
administered by a child and adolescent psychiatrist using the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children (K-SADS-P). In addition, all children

with ADHD scored above the 95th centile on the attention
subscale of the Teacher Report Form (TRF) and demon-
strated pervasive impairments at home and at school. The
ADHD group comprised 64 children and consisted of chil-
dren with ADHD-I (n=25), ADHD-H (n=10), and ADHD-C
(n=29). The comparison group comprised 46 children
recruited from regular primary schools. None of the compari-
son children had a history of preterm birth (postmenstrual age
<36wks), head trauma, or any neurological and ⁄ or psychiatric
disorder. None of the comparison children had been referred
to a neurologist or psychiatrist. All participants were of normal
intelligence (Full-scale IQ>80, as measured with the Dutch
adaptation of the Wechsler Intelligence Scale for Children
[WISC–III]).14 Table I shows the descriptive statistics of the
ADHD subgroups and the comparison group. The ADHD
group was made up of a significantly higher proportion of
males (v2

(1)=4.31, p=0.038). No difference in hand preference
was observed (v2

(1)=0.99, p=0.32). At the group level, ADHD
and comparison children did not differ in age (F1,109=3.04,
p=0.08), but at the subgroup level children in the ADHD-H
group were significantly younger than comparison individuals
(F3,109=2.89, p=0.04). Full-scale IQ was significantly lower in
children in all three ADHD subgroups than in comparison
individuals (F3,109=9.07, p<0.001), therefore, age norms were
used and Full-scale IQ was entered as a covariate in group
comparisons for cognitive measures. All children with ADHD
were studied while off medication (stimulant medication was
stopped at least 24h before neuropsychological assessment).
The study protocol was approved by the medical ethics com-
mittee of the University Hospitals of Leuven. Parents of study
participants gave informed consent before commencement of
testing.

Instruments
The Child Behaviour Checklist (CBCL) is recognized as a
valid measure of general behaviour and impairment.15 The
parents are the informants. The CBCL consists of eight
syndrome subscales measuring behaviour characteristics.

The Test of Everyday Attention for Children (TEA-Ch)
was administered by a psychologist to assess different
aspects of attention.16 The nine subtests of the TEA-Ch are
designed to measure selective attention (Sky Search, Map
Mission); divided and sustained attention (Score!, Sky Search
Dual Task [DT], Score! DT, Code Transmission, Walk,
Don’t Walk); and attentional control (Creature Counting,
Opposite Worlds). Composite scores were calculated based
on the factor structure of the TEA-Ch, by averaging the
standard scores of each attentional domain (population mean
10, SD 3).

What this paper adds
• Our study is the first to investigate the link between the 2D:4D digit ratio (as a

marker for prenatal testosterone exposure) and attention problems in ADHD,
measured with a neuropsychological tool.

• We did not find evidence for a link between prenatal testosterone exposure
and attention problems in ADHD.

• Our findings challenge the hypothesis that fetal testosterone exposure plays a
prominent role in the aetiology of ADHD.
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Measurements of the length of the second and fourth digit
were made from scanned photocopies of the palms of the right
and left hands. Measurement was standardized from the most
proximal ventral crease of the digit to the fingertip by means
of a ruler in Adobe Photoshop. Digit ratios were measured
twice by two independent raters (intraclass correlation coeffi-
cient was 0.97 for both hands). Means of both measurements
were used in the analyses. Digit ratios were calculated for left
and right hands, and hand dominance was recorded. Hand-
edness was assessed with the Edinburgh Handedness Ques-
tionnaire.17

All measures were collected for all children, but, owing to
functional limitations, seven children were unable to complete
certain subtests of the TEA-Ch. Every child, however, com-
pleted at least one subtest of each factor. Exact sample sizes
for the TEA-Ch subtests are reported in Table I.

Statistical analyses
Analyses of variance (ANOVAs) were calculated to examine
whether the comparison and ADHD subgroups differed on
the CBCL and TEA-Ch data. Next, a repeated-measures
mixed-model ANOVA was calculated on the digit ratios,
with hand (left and right) as a random variable and sex
(males vs females) and group (ADHD vs comparison) as
fixed between-participant variables.18 Univariate ANOVAs
were calculated on the digit ratios of the left and right
hands, and the value for the dominant hand was also noted,
to examine group differences for males and females sepa-
rately (for all ANOVAs a=0.05, two-tailed). Last, Pearson’s
correlations were calculated to examine the relations
between digit ratio and TEA-Ch subtest and composite
scores and CBCL syndrome scales. Correlations were calcu-
lated for the total group of participants, for the ADHD and

Table I: Participants' characteristics, mean (SD) scores on WISC-III, TEA-Ch, and CBCL, and mean 2D:4D ratios for children in each ADHD subgroup and for
comparison children

ADHD (n=64) ADHD-C (n=29) ADHD-H (n=10) ADHD-I (n=25)

Comparison
individuals
(n=46)

Characteristics
Age (y:mo) mean (SD) 8:8 (1:6) 8:7 (1:5)a,b 7:10 (0:10)a 9:2 (1:8)a,b 9:2 (1:10)b

Sex (n)
Males–females 47:17 20:9 10:0 17:8 25:21

Handedness (n)
Right–left 51:13 25:4 6:4 20:5 40:6

Intelligence
FIQ 98.9 (9.3) 100.6 (8.2)a 93.9 (7.7)a 98.9 (10.7)a 108.8 (11.9)b

VIQ 101.4 (9.3) 101.2 (9.6)a 101.2 (8.5)a,b 101.6 (9.7)a,b 107.9 (12.5)b

PIQ 97.4 (10.8) 100.8 (9.6)a 87.4 (9.5)b 97.7 (10.4)a 107.7 (11.4)c

TEA-Ch
Selective composite 8.5 (2.1) 8.5 (2.0)a 8.7 (2.8)a,b 8.4 (2.1)a 10.1 (2.0)b

Sky Searchd 9.0 (2.8) 8.8 (2.3) 8.9 (3.5) 9.2 (3.0) 9.9 (2.2)
Map Missione 8.0 (2.8) 7.7 (3.1) 8.5 (2.4) 8.1 (2.7) 10.4 (3.0)
Sustained composite 7.7 (2.0) 7.6 (2.1)a 8.1 (2.6)a,b 7.7 (1.7)a 9.9 (1.6)b

Score!d 7.7 (3.3) 7.8 (3.3) 8.6 (3.0) 7.1 (3.4) 9.4 (2.7)
Code transmissionf 7.0 (3.1) 7.1 (3.1)a 6.6 (3.6)a 7.0 (3.0)a 10.2 (2.0)b

Sky Search DTg 7.4 (3.6) 7.3 (3.8) 7.7 (3.8) 7.5 (3.4) 9.7 (2.5)
Score! DTe 7.7 (3.0) 7.4 (3.0) 8.2 (3.1) 7.7 (3.0) 9.9 (2.5)
Walk, Don’t Walkh 8.9 (3.1) 8.5 (2.6)a 9.0 (3.2)a,b 9.3 (3.6)a,b 10.5 (2.8)b

Attentional control composite 8.8 (2.0) 8.0 (2.1)a 9.3 (2.1)a,b 9.6 (1.6)a 11.3 (2.3)b

Creature countingi 8.3 (3.3) 7.7 (3.5)a 9.3 (3.7)a,b 8.5 (3.1)a 12.2 (3.1)b

Opposite worldse 9.1 (2.5) 8.4 (2.5)a 9.3 (2.9)a,b 9.9 (2.4)a,b 11.0 (3.3)b

CBCL
Anxious 5.7 (4.4) 7.1 (4.9)a 4.1 (2.4)a 4.7 (4.1)a 1.4 (1.6)b

Withdrawal 2.4 (2.4) 2.5 (2.0)a 1.5 (2)a,b 2.7 (2.8)a 0.9 (1.3)b

Somatic 2.3 (2.4) 2.9 (2.8) 1.3 (1.4) 2.0 (1.9) 2.1 (2.3)
Social 5.9 (3.6) 6.5 (3.9)a 5 (3.3)a 5.6 (3.5)a 0.9 (1.7)b

Thought 4.5 (3.8) 5.9 (4.3)a 3.1 (3.3)a 3.7 (2.9)a 0.4 (0.6)b

Attention 11.3 (3.9) 12.2 (4.8)a 10.3 (2.9)a 10.7 (2.9)a 1.8 (1.9)b

Rule-breaking 3.7 (2.7) 3.7 (2.8)a 4.3 (2.5)a 3.5 (2.9)a 0.7 (1.1)b

Aggressive 12.1 (7.8) 12.6 (8.0)a 14.7 (6.1)a 10.4 (8.2)a 3.6 (4.1)b

Internalizing 10.4 (7.2) 12.5 (7.9)a 6.9 (3.7)a 9.4 (7.0)a 4.2 (4)b

Externalizing 15.8 (10.0) 16.3 (10.1)a 19 (8.4)a 13.9 (10.5)a 4.3 (4.7)b

Total 53.7 (24.0) 59.9 (27.3)a 50.3 (19.4)a 48.3 (20.9)a 14.0 (11.2)b

2D:4D ratio
Right hand 0.953 (0.035) 0.947 (0.038) 0.951 (0.030) 0.959 (0.034) 0.956 (0.037)
Left hand 0.953 (0.034) 0.954 (0.033) 0.942 (0.023) 0.956 (0.039) 0.946 (0.034)
Dominant hand 0.954 (0.035) 0.951 (0.039) 0.954 (0.028) 0.959 (0.034) 0.957 (0.034)

Pairwise comparisons were calculated between comparison children and participants of the attention-deficit–hyperactivity disorder (ADHD)
combined (ADHD-C), hyperactive–impulsive (ADHD-H), and inattentive (ADHD-I) subgroups of children with ADHD. Pairs with different
superscripts (a, b, c) differ significantly (p<0.05). TIQ was entered as a covariate in group comparisons for TEA-Ch. CBCL, Child Behavior Checklist;
DT, dual task; PIQ, Performance IQ; TIQ, Total IQ; TEA-Ch, Test of Everyday Attention for Children; VIQ, Verbal IQ. dn=103, en=109, fn=106, gn=102,
hn=108, in=107.
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comparison group, for males and females, and for the four
group·sex subgroups separately.

RESULTS
Table I shows descriptive statistics of the ADHD subgroups
and the comparison group. At the group level, children with
ADHD presented significant deficits (p<0.01) on all the
assessed attentional aspects included in the TEA-Ch (i.e.
selective attention, sustained attention, and attentional con-
trol), and they obtained significantly higher scores on all the
behavioural syndrome scales (p<0.05), with the exception of
the somatic scale. At the subgroup level, children with
ADHD-H did not differ from comparison individuals on the
TEA-Ch composite scores, whereas children with ADHD-I
and ADHD-C scored more poorly on selective attention, sus-
tained attention, and attentional control (all p<0.05; see
Table I for more detailed results). Children with ADHD-I
and ADHD-C obtained significantly higher scores on all but
the somatic behavioural syndrome scales of the CBCL
(p<0.05). Children with ADHD-H differed from comparison
individuals on all CBCL syndrome scales, except on the
somatic and withdrawal problems scales.

2D:4D ratio in children with ADHD versus comparison
children
The repeated-measures mixed-model ANOVA revealed a sig-
nificant effect of sex (F1,111=6.55, p=0.01; lower digit ratios for
males than females), no effect of group (F1,111=1.41, p=0.24),
and no sex by group interaction (F1,111=0.34, p=0.56). This
indicates that the digit ratios of comparison children and chil-
dren with ADHD did differ, neither for males nor for females.
In a similar vein, a comparison of the digit ratios of left, right,
and dominant hand of comparison children and children with
ADHD, separately for males and females, also yielded null
results (all p>0.10).

2D:4D ratio in children with ADHD subtypes versus
comparison children
To investigate whether the 2D:4D masculinization effect may
be restricted to a specific subgroup of children with ADHD,
the analyses were repeated with the four-group subdivision.
Again, the repeated measures analysis yielded a significant
effect for sex (F1,110=4.03, p=0.04), no significant group effect
(F3,110=0.53, p=0.66), and no sex by group interaction
(F2,110=2.23, p=0.11). Again, a comparison of the subgroups of
children with ADHD and comparison children, analysed sepa-
rately for males and females, did not reveal any group differ-
ences in digit ratios (all p>0.10).

2D:4D ratio and cognitive and behavioural aspects of ADHD
Digit ratios were statistically unrelated to any of the TEA-Ch
scores and CBCL syndrome scales in the total group, the
ADHD group, or the comparison group, or to 2D:4D ratios
in any of the four ADHD-subtype·sex groups. In males, a
lower 2D:4D ratio of the left hand was related to better scores
on the CBCL anxious–depressive (rp=0.27, p=0.03) and atten-
tion (rp=0.27, p=0.04) scales, whereas, in females, lower 2D:4D

ratio of the dominant hand was related to better performance
on sustained attention tasks (Score! rp=)0.39, p=0.01; and Sky
Search DT rp=0.33, p=0.03). These correlations were not in
line with our hypothesis and did not survive a correction for
multiple testing.

DISCUSSION
This study assessed the 2D:4D ratio as an indicator of fetal
testosterone exposure in a group of children with ADHD and
in comparison individuals. Associations between 2D:4D ratios
and cognitive and behavioural aspects of ADHD were
explored.

Children with ADHD presented significantly higher scores
on all the behavioural syndrome scales, with the exception of
the somatic scale, and they presented significant impairments
on all the attentional aspects included in the TEA-Ch. These
findings are in line with previous studies which demonstrated
behavioural and attentional problems in children with
ADHD.16,19–21 The presence of these deficits in the ADHD
group was of crucial importance as it enabled us to investigate
possible associations with 2D:4D ratios.

Analysis of the digit ratios revealed the typical sexually
dimorphic ‘male lower than female’ pattern, which supports
the idea that the 2D:4D ratio, is a reliable indicator of prenatal
testosterone exposure.5 No group differences in 2D:4D ratios
were observed between children with ADHD and comparison
individuals for the total group, for subgroups of males and
females, or for subgroups defined on the basis of ADHD sub-
types. These findings contradict previous studies that found
evidence for masculinized FLR in children with ADHD.9–11

As these studies, as well as our study, utilized a well-defined,
clinically diagnosed sample of children with ADHD, differ-
ences in results may be informative in understanding the
potential role of prenatal testosterone exposure in the develop-
ment of psychiatric conditions. De Bruin et al.9 compared four
groups (children with ADHD ⁄ oppositional defiant disorder,
autism, or anxiety disorder and comparison individuals). These
authors found that the 2D:4D ratio was lower in males with
ADHD and ⁄ or oppositional defiant disorder than in males
with anxiety disorders, but not lower than in comparison indi-
viduals. This reported group difference, however, is inconclu-
sive with regard to ADHD, and may rather be a consequence
of the more feminine FLR in children with anxiety22 and the
more masculine pattern in children showing oppositional and
defiant symptoms.6,8,11 Notably, the absence of a difference in
FLR between children with ADHD and comparison individu-
als is congruent with our results. In contrast to the study of
McFadden et al.,10 we did not observe that males with ADHD-
I showed a significantly more masculine 2D:4D ratio. It is pos-
sible that the exclusion criterion used to define ADHD-I may
explain the different results. McFadden et al. defined ADHD-I
more strictly than specified in the DSM–IV-TR and as applied
in the present study: participants with ADHD-I were not
allowed to show more than four hyperactive–impulsive symp-
toms, whereas conventionally the cut-off is situated at no more
than six hyperactive–impulsive symptoms. Finally, Martel
et al.11 examined associations between FLR and ADHD,
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including ADHD-I and ADHD-C. In males, but not in
females, ADHD was associated with more masculinized FLR,
but no subtype group difference was observed. However, the
relation between hypermasculinization and ADHD symptoms
was the most robust for the inattentive symptoms.

Although we used a very similar methodological design, we
could not replicate these findings. It is possible that sampling
differences between both studies engendered the different
results. First, our ADHD group was considerably younger:
the mean age was 8 years 8 months compared with 14 years
3 months in the study of Martel et al. A striking feature of
ADHD is its tendency to improve with age, with symptomatic
improvement occurring in about 40% of children as they
move into adolescence.23 Recently, it was demonstrated that
only children with persistent ADHD symptoms in adolescence
show ‘fixed’ thinning of the left medial prefrontal cortex,
hence suggesting that these children constitute a specific
ADHD subgroup.24 The children with ADHD in the study of
Martel et al.11 were older than our participants and probably
fall into this ‘persistent’ ADHD subgroup; many of our youn-
ger participants may still improve over time and may turn out
to have the ‘transient’ type of ADHD. Follow-up of our study
group will inform us whether prenatal testosterone exposure
mediates these different developmental trajectories of ADHD.
Second, in line with the study of Martel et al., we did not
exclude children with comorbid disorders (except learning dis-
ability* and known neurological disorders), as such a sample of
children with pure ADHD would not be representative of the
clinical population. Importantly, when children with comorbid
disorders were removed from the analysis, the pattern of
findings remained consistent. As prenatal testosterone
exposure seems to serve more as a generalized risk factor
for developmental psychopathology rather than a risk factor
only for ADHD,6–9 we would speculate that the observed
group differences in the studies of McFadden et al.10 and
Martel et al.11 may be provoked by accidental comorbid psy-
chopathology instead of being specific to ADHD. Unfortu-
nately, sample size limitations make it difficult to explore
further the impact of specific comorbid problems in the
present study.

No evidence was found for an association between the
2D:4D ratio and different aspects of behavioural and cognitive
functioning in ADHD. Only in the subgroup of males were
two significant relations found. In accordance with the study
of Evardone and Alexander,22 a more masculinized FLR was
associated with less anxiety and, in contradiction of our
hypothesis, a more masculinized FLR was associated with
fewer attentional problems. This latter finding contrasts with
recent studies in children indicating that ADHD symptoms
may be related to more masculinized FLR.6–8,11 However, the
exact nature of this relation remains unclear. Some studies
have found an association in females but not in males, but
these studies utilized non-clinical samples.6–8 Only one. study
has examined the relation between behavioural rating scales
and FLR in a clinical sample of children with ADHD.11

Martel et al.11 found that a more masculine FLR correlated
with a composite of parent- and teacher-rated inattentive and
hyperactive–impulsive symptoms in males but not in females,
although the statistical interaction with sex of the child did not
reach significance. We have already discussed some possible
explanations for these discrepant findings. In addition to these
sampling differences, different rating scales were used. Martel
et al.11 used the ADHD rating scale, which is a specific instru-
ment to assess ADHD symptoms. The data of Martel et al.
are inconclusive with regard to the specificity of the correla-
tions they found between more masculinized FLR and ADHD
symptoms in males. Thus, in the present study, a wide-range
scale (the CBCL) was chosen to evaluate a variety of behavio-
ural domains. The advantage of this wide-range scale is impor-
tant, given the differential diagnoses to be considered in
ADHD evaluations and the frequent presence of comorbid
disorders.25 However, the attentional scale of the CBCL
assesses less specific DSM-IV-TR attention symptoms than
the ADHD rating scale.26 Future research should combine the
use of both a narrow and wide-range scale to evaluate ADHD
symptoms and other behavioural problems rigorously.

In the present study, we also investigated (for the first time)
associations between 2D:4D ratios and selective attention, sus-
tained attention, and attentional control. Based on the pres-
ence of cognitive–attentional problems in ADHD, and based
on evidence that early testosterone exposure provokes changes
in cognitive functioning,4 we expected to observe associations
between lower 2D:4D ratios and attentional problems. How-
ever, no significant association was found between 2D:4D
ratios and these different aspects of attention. Only in the sub-
group of females was a significant relation with sustained
attention observed, but this correlation pointed in the opposite
direction. The absence of meaningful associations cannot be
explained by insufficient sensitivity of the TEA-Ch that we
used, as children with ADHD-I and ADHD-C scored more
poorly on selective, sustained attention, and attentional con-
trol. A possible drawback may be that the selected battery pri-
marily assessed attentional aspects of cognition, whereas some
authors have hypothesized that prenatal testosterone exposure
may mainly affect executive functions, especially cognitive
control.27 However, the TEA-Ch also includes two subtests
that assess executive aspects of attention, and with neither of
these two subtests nor with the attentional control composite
score were significant correlations observed. Our results can-
not be generalized to other aspects of cognitive performance
in individuals with ADHD. Several studies have demonstrated,
for instance, that early exposure to androgens affects the devel-
opment of visuospatial cognition.28 Given that children with
ADHD also present problems with visuospatial working mem-
ory,13 it may be interesting to investigate the association
between the 2D:4D ratio and visuospatial working memory.
Similarly, the current findings cannot preclude the possibility
of an interaction between prenatal testosterone exposure and
other factors involved in causing the ADHD cognitive profile.
In this respect, a recent study by Martel29 suggested that con-
scientiousness, a personality trait, may act as a mediator of the

*North American usage: mental retardation
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association between masculinized FLR and ADHD symp-
toms.

We have already discussed some limitations of the present
study, but some additional limitations should be addressed.
First, we used a clinically referred ADHD sample including
a relatively small number of females, which limits the power
to detect sex-specific effects. Second, only white children
were included in this study and, therefore, our results cannot
be generalized to non-white children with ADHD. Third,
our sample size was relatively small, particularly to investi-
gate the more subtle ADHD subgroup by sex associations
with 2D:4D ratio. Nevertheless, we observed significant
attentional and behavioural differences between children
with ADHD and comparison individuals, and we found
significant differences in 2D:4D ratios between females and
males. Moreover, the fact that some of the correlational
findings pointed in the opposite direction to what we
expected demonstrates that the absence of a significant
2D:4D ratio effect is not merely the result of low statistical
power. Fourth, the categorical approach peculiar to the use
of DSM-IV-TR criteria can be questioned because symptom
threshold, ‘purity’, and stability of ADHD subtypes are still
under debate.30 A more dimensional measurement of the
main behavioural components of ADHD may be more
appropriate. Finally, although the 2D:4D ratio has proven to
be a reliable and stable index of prenatal testosterone
exposure,23 it is still an indirect measure, and some studies
have questioned its validity.31–33 Therefore, the results of

our study and other studies using the 2D:4D ratio should be
interpreted with caution. Future studies may include other
ratios than the 2D:4D ratio10,11 and may account for the
effect of absolute finger length.33 Ideally, large-scale longitu-
dinal studies that use direct measures of prenatal testoster-
one exposure should be set up to investigate the role of
prenatal testosterone exposure as a potential aetiological
pathway for developmental disorders.

CONCLUSION
This study aimed to evaluate the association between the
2D:4D ratio as a putative indicator of prenatal testosterone
exposure and cognitive and behavioural functioning in
ADHD. As 2D:4D ratios did not differ between ADHD (sub-
types) and comparison individuals, and did not show a relation
with cognitive and behavioural problems, our findings ques-
tion the role of prenatal testosterone exposure in the aetiology
of ADHD.
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