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Abstract

A previous study reported preliminary results of enhanced processing of simple visual information in the form of faster
reaction times, in female fragile X premutation carriers (fXPCs). In this study, we assessed manual and oral motor
reaction times in 30 female fXPCs and 20 neurotypical (NT) controls. Participants completed two versions of the reaction
time task; one version required a manual motor response and the other version required an oral motor response. Results
revealed that the female fXPCs displayed faster reaction times for both manual and oral motor responses relative to
NT controls. Molecular measures including CGG repeat length, FMR1 mRNA levels, and age were not associated with
performance in either group. Given previously reported age and CGG repeat modulated performance on a magnitude
comparison task in this same group of premutation carriers, results from the current study seem to suggest that female
fXPCs may have spared basic psychomotor functionality. (JINS, 2011, 17, 746–750)
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INTRODUCTION

The FMR1 gene is polymorphic for the length of a CGG
trinucleotide repeat in the 50 untranslated region of the X
chromosome. In the general population, there are ,45 CGG
repeats. Fragile X syndrome (FXS) is defined by the full
mutation (i.e., .200 CGG repeats) and silenced transcription
of the FMR1 gene due to the hypermethylation of the pro-
moter. In the fragile X premutation there are 55–200 CGG
repeats, which results in a three- to eight-fold increase in
FMR1 mRNA levels in leukocytes and decreased FMR1
protein (FMRP) levels due to translational inefficiency of the
mutant FMR1 mRNA (Garcia-Arocena & Hagerman, 2010).
Female fragile X premutation carriers (fXPCs) differ from

male fXPCs in that female fXPCs have a second, unmutated
copy of the FMR1 gene that is expressed randomly in 50% of
the cells. It has been estimated that 1 in 260 to 813 males and
1 in 113 to 259 females are fXPCs (Hagerman, 2008). Of
note, some fXPCs develop a late onset (.50 years old)
neurodegenerative disorder: fragile X-associated tremor/
ataxia syndrome (FXTAS; Bourgeois et al., 2009).

Along with the recent development of genetic profiles for
fXPCs, psychiatric features have begun to emerge in female
fXPCs compared to female controls, such as higher rates of
anxiety, depression, and attention problems (Bourgeois et al.,
2011). However, whether asymptomatic (i.e., non-FXTAS)
young, adult female fXPCs show cognitive impairments
remains controversial. There have been a few reports sug-
gesting that fXPCs show cognitive impairments (Cornish
et al., 2008; Goodrich-Hunsaker et al., 2011). Other studies
report that there is no evidence for neurocognitive implications
in fXPCs younger than 50 years old (Hunter et al., 2008).

Correspondence and reprint requests to: Naomi J. Goodrich-Hunsaker,
M.I.N.D. Institute, 2825 50th Street, Room 1362, Sacramento, CA 95817.
E-mail: naomihunsaker@me.com

746

https://doi.org/10.1017/S1355617711000634 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617711000634


To add to this controversy, there is evidence that young
female fXPCs may actually outperform neurotypical control
groups (NTs) in some domains. Specifically, young female
fXPCs were shown to have faster reaction times on a battery
of attention tasks compared to young NT adults who were
not fragile X carriers (Steyaert, Borghgraef, & Fryns, 1994).
However, these results were preliminary, and no other studies
have reported similar findings.

In the current study, we measured both simple manual and
oral motor speeded responses to visual stimuli. We also
wanted to determine whether performance was differentially
modulated in fXPCs and NTs across CGG repeat length,
FMR1 mRNA levels, and age. Psychologists have described
two major kinds of reaction time experiments: simple and
choice reaction time experiments (Welford, 1980). Simple
reaction time tasks assess the speed at which a participant can
respond to a single external cue. Choice reaction time tasks
involve multiple stimuli in which the participant is required
to give a specific response that corresponds to each particular
stimulus. Choice reaction time tasks require participants to
make a decision, whereas simple reaction time tasks do not. A
single-stimulus simple reaction time task, such as that used in
the current study, is considered a fairly pure index of psy-
chomotor speed. Because reaction times, along with error
rates, are commonly used as outcome measures in cognitively
demanding tasks, it is important to assess each participant’s
baseline psychomotor speed when cognitive demands are
minimized to account for the specific effects of cognitive
demands upon performance.

METHODS

Participants

Participants were 50 females aged 21 to 42, including 20
neurotypical (NT) controls and 30 fragile X premutation
carriers (fXPCs). The mean age (6 SD) for fXPCs was
31.50 6 7.17 years and for NT controls was 34.08 6 4.57
years. The two groups did not differ in age, t 5 21.56,
p 5 .13, or Full-Scale IQ, t 5 21.38, p 5 .18 (see Table 1).
Participants were recruited through the NeuroTherapeutics
Research Institute (NTRI) at the Medical Investigation of
Neurodevelopmental Disorders (M.I.N.D.) Institute at the
University of California, Davis Medical Center. Participants
with any of the following were not included in our study:
acute medical condition such as renal, liver, cardiac, or other
disease that may be associated with brain atrophy or dys-
function; current or past history of major DSM-IV Axis I
psychiatric disorder; history of head trauma; toxic encepha-
lopathy, encephalitis, or bacterial meningitis; history of
alcoholism or drug problem; use of current medication that
affect cerebral blood flow (e.g., beta blockers); and presence
of metal in the body. We also requested that all participants
be off anti-depressant or anti-anxiety medication for 2 weeks
before participation. This study was approved by the Insti-
tutional Review Board and conformed to institutional and

federal guidelines for the protection of human participants.
Written informed consent was obtained before participation
from all participants.

Psychological Assessment

Full-Scale IQ (FSIQ) was measured using either the Wechsler
Adult Intelligence Scale, third edition (WASI-III; Wechsler,
1997) or the Wechsler Abbreviated Scale of Intelligence
(WASI; Wechsler, 1999). FSIQ data were available for 15/20
NT controls and 22/30 fXPCs.

Molecular Analysis

As previously described (Tassone, Pan, Amiri, Taylor, &
Hagerman, 2008), genomic DNA was isolated from peripheral
blood leucocytes using standard methods (Puregene Kit; Gentra
Inc., Valencia, CA). Repeat size was determined using Southern
blot and PCR amplification of genomic DNA. The activation
ratio (AR), indicating the percent of cells that carry the normal
allele on the active X chromosome, was calculated by Southern
blot. All quantifications of FMR1 mRNA were performed using
a 7900 Sequence detector (PE Biosystems).

Simple Reaction Time

The simple reaction time task was presented on a 2 GHz Intel
Core 2 Duo HP Compaq dc7700 Small Form Factor PC
equipped with 1 GB of RAM running SuperLab version
4.0.7b (Cedrus Corporation, San Pedro, CA). The stimuli
included a drawing of a house that was 19 cm in height and
7.9 cm wide with an entrance that was 5.4 cm high and 3.2 cm
wide on the monitor 60 cm from the participant. On each
trial participants were asked to indicate as quickly as possi-
ble, by pressing a single button for the manual motor
response version of the task or by speaking ‘‘GO’’ into a
microphone for the oral motor version of the task, whenever a
picture of a friendly alien appeared at the right or left side of
the entrance. For the manual motor response version, parti-
cipants used their dominant hand. The alien figure was 5.4 cm
tall and 1.8 cm in the widest extent. This image remained on
the screen until the participant responded. The version order
was randomized across participants. Each version of the task
consisted of 60 consecutive trials. Delays between trials were
set to one of three intervals (400, 800, or 1200 ms), which
were presented in random order to minimize anticipatory
responses. Response time was recorded as the primary
dependent variable.

Data Analysis

Data measured either manual or oral motor reaction time.
Within each version, trials with reaction times greater than or
less than 3 times the interquartile range or less than or equal
to 150 ms (anticipatory responses) were excluded from the
analyses. Results were calculated as the median of reaction
times across each condition delay. Repeated-measures analysis
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of variance (ANOVA) with delay (400, 800, 1200 ms) as the
within-participant factor and group (NT and fXPC) as the
between-participant factor were performed. Correlations
between simple reaction time and age (for both groups) and
molecular variables (fXPCs only) were computed within
groups. For the correlation analyses, simple reaction times were
calculated as the median of reaction across all trials and con-
dition delays.

Degrees of freedom were adjusted using the Welch pro-
cedure for one-way ANOVAs when the equality of variance
assumption was violated. For repeated-measures ANOVAs,
Greenhouse-Geisser corrections were used to correct for
violations of the sphericity assumption. The reaction times
were log-transformed to better meet the assumptions of
the model. Analyses were conducted using SPSS and a
p value ,.05 was considered statistically significant.

RESULTS

Molecular Analyses

Molecular data were available for 15/20 NT controls and
30/30 fXPCs.

Descriptive statistics of CGG repeat size, FMR1 mRNA, and
activation ratios are reported in Table 1. Within the fXPCs, as
expected, FMR1 mRNA level was positively associated with
CGG repeat size, Pearson’s r 5 .42, p (one-tailed) 5 .02. The
partial correlation between CGG and FMR1 mRNA after
accounting for the activation ratio in the fXPCs was much
stronger, Pearson’s r 5 .55, p (one-tailed) 5 .003. In the female
fXPCs, we found no significant correlations between CGG
repeat size or FMR1 mRNA with age.

Simple Reaction Time

The simple reaction time tasks assessed participants’ abilities
to make speeded responses while eliminating all cognitive
demands to perform accurately. Responses from two female
NTs and one female fXPC were identified as outliers (i.e.,
greater than or less than 3 times the interquartile range for
each group) on the oral version of the task, so they were
removed from those analyses only. A repeated-measures
ANOVA showed that female fXPCs were faster to respond
on the manual (F(1,48) 5 10.00; p 5 .003) and oral (F(1,45) 5

6.76; p 5 .01) motor reaction time task than female NTs (see
Figure 1). For both task versions, reaction times decreased as the
delay between trials increased (p , .0001), but did not differ
between the groups, p . .28. This indicates that both groups of
participants could anticipate upcoming trials. Overall median
reaction times across all trials for each task version within each
group were used to assess the association between performance
and age (both groups) and molecular variables (in the female
fXPCs). There were no significant associations.

DISCUSSION

As a group, the young adult female neurotypical controls
(NTs) had comparable manual motor and oral motor reaction
times to age- and gender-matched controls reported in pre-
viously published studies (Der & Deary, 2006; Steyaert et al.,
1994). With the reaction times of the NTs in the present study

Table 1. Participant descriptive statistics and FMR1 measures

Neurotypical control Fragile X premutation carrier

Mean SD Range n Mean SD Range n t p value

Age 31.50 7.17 21–41 20 34.08 4.57 23–42 30 21.56 .13
Full-Scale IQ 111.6 12.32 89–129 15 117.14 11.78 101–144 22 21.38 .18
CGG repeat size 30.07 1.22 28–32 15 96.17 19.85 67–143 30 212.81 ,.0001
FMR1 mRNA level 1.61 0.27 1.25–1.98 8 2.38 0.52 1.55–3.46 24 23.98 ,.0001
Activation ratio n/a n/a n/a 0 55% 16% 23–87% 30 n/a n/a

Fig. 1. Oral motor reaction times ranged from 248 to 782 ms
(M 5 461.24, SEM 5 7.92) and were overall slower than manual
motor reaction times, which ranged from 203 to 515 ms
(M 5 268.14, SEM 5 3.42). Group analyses of manual motor and
oral reaction time show that female fXPCs, as a group, responded
faster than female NT controls, p 5 .003 and p 5 .01, respectively.
For both task versions, reaction times decreased as the delay
between trials were longer, p , .0001, but did not differ between the
groups, p . .28. Error bars represent standard error of the mean.
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replicating earlier reports, the finding that the young,
asymptomatic (i.e., non-FXTAS) female fragile X premuta-
tion carriers (fXPCs) performed faster than the NTs on both
versions of the simple reaction time task is unexpected. The
results from the current study are consistent with a previous
study that also reported faster simple reaction times in female
fXPCs relative to NTs (Steyaert et al., 1994). Steyaert et al.
(1994) assessed various aspects of attention as measured by
the de Sonneville Visual Attention Tasks (SVAT). The
SVAT consists of eight different tasks, including a simple
manual motor reaction time task, the Finger Motor Response
Exercise (FMSE). The female fXPCs had overall faster
manual reaction times compared to NTs (Steyaert et al.,
1994). The results of the current study replicate these findings
and extend the results to include oral motor reaction times as
well. These findings taken together demonstrate that female
fXPCs have enhanced basic psychomotor speed relative to
NT controls.

In remains unclear why reaction times would be faster in
female fXPCs. One hypothesis as to why basic psychomotor
speed is enhanced in female fXPCs is that there may be a
neural reorganization that allows for faster processing on the
simple reaction time task, but results in cognitive impair-
ments in other domains. Basic psychomotor speed as mea-
sured by simple reaction time tasks depends largely upon the
corticospinal tract (pyramidal system) with contributions
coming from the supplementary motor area, premotor cortex,
somatosensory cortex, cerebellum, parietal lobe, and cingu-
late gyrus (Kolb & Whishaw, 2009). Several of these regions
are effected in female fXPCs with FXTAS, such as reduced
cerebellar volume (Adams et al., 2007) and parietal gyral
atrophy (Hagerman et al., 2004). Similar findings have
emerged in female fXPCs without FXTAS. We have detected
widespread white matter changes throughout the corticosp-
inal and corticopontine tracts, implicating the motor system,
in this same group of female fXPCs (manuscript in prepara-
tion). Moreover, these changes also appear to be impacted by
age and CGG repeat length. Therefore, these behavioral dif-
ferences in the current study may be the result of subtle
underlying neural changes occurring preclinically, long
before symptoms of FXTAS develop. At present, the time
course of this reorganization is unknown, although a pre-
liminary study comparing fXPC children to NTs found no
group differences on measures of intellectual functioning,
academic achievement, or visuomotor integration (Myers,
Mazzocco, Maddalena, & Reiss, 2001). Whether these fea-
tures develop at some critical point in response to environ-
mental factors, or if they develop along a continuous
trajectory of development that is increasingly different from
NTs remains unclear.

Another hypothesis is that anxiety levels may be modulating
basic psychomotor speed. There is a high prevalence of
anxiety reported in female fXPCs (Bourgeois et al., 2011).
Nettelbeck (1973) reported that anxious personality types have
faster reaction times. The heightened anxiety levels reported in
female fXPCs may stem from being carriers of the fragile X
premutation allele, which has many lifelong implications.

When female fXPCs transmit the premutation allele to their
children, the CGG repeat length almost always expands and
greater than 50% of the time will expand into the full muta-
tion range (.200 CGG repeats; Nolin et al., 2003). The stress
of raising a child with FXS could certainly exacerbate ele-
vated anxiety levels in female fXPCs (Bourgeois et al.,
2011). Additionally, many of the female fXPCs are daughters
of men with the late-onset (.50 years old) neurodegenerative
disorder, fragile X-associated tremor/ataxia syndrome
(FXTAS), which they may also eventually develop. Indivi-
duals who have a parent with FXTAS or a child with FXS
have concerns about these, which can predispose them to
have heightened anxiety. Given these life circumstances,
female fXPCs may have a heightened anxiety that is con-
tributing to their increased basic psychomotor speed. In the
current study, anxiety levels were not assessed, so unfortu-
nately no direct correlation can be drawn between anxiety
levels and psychomotor speed. Related to anxiety, increased
arousal may facilitate reaction times as well. Studies are
currently underway to quantify anxiety and arousal (e.g.,
pupillometry) in these participants.

In another study, Panayiotou and Vrana (2004) reported
that self-awareness and anxiety about one’s performance
could also enhance performance on simple tasks in which the
participant can easily be successful. However, if the task
requires a large speed/accuracy tradeoff, then anxiety about
one’s performance does not enhance performance. Female
fXPCs, in general, have several motivating reasons to per-
form well. First, their participation and the outcomes from
research studies will hopefully provide a direct benefit to
themselves and their family. Second, although female fXPCs
are less affected than their male counterparts, research
suggests that they may have subtle cognitive impairments
(Cornish et al., 2008; Goodrich-Hunsaker et al., 2011), and
thus female fXPCs may be self-conscious and as a result
perform at the absolute best of their abilities in compensation,
even during simple tasks. Therefore, female fXPCs would
have enhanced performance on relatively easy tasks like the
simple reaction time task, but poorer performance on more
cognitively demanding tasks.

The results of the current study are unexpected and
warrant further investigation to determine why female fXPCs
have faster simple reaction times compared to female NTs.
Historically, female fXPCs have appeared cognitively unaf-
fected; however, since female fXPCs do in fact appear to
have enhanced basic psychomotor speed, past research
reporting no group difference in cognitively demanding tasks
(Hunter et al., 2008) may not be null results. Reaction times
for the cognitively demanding component of the task could
actually be slower, given that simple reaction time is faster in
female fXPCs compared to female NTs, thereby producing
no group difference. Thus, this study underscores the
importance of controlling for simple reaction time in cogni-
tively demanding tasks to identify group differences in per-
formance. Additionally, further studies into the underlying
mechanisms of increased psychomotor speed in fXPCs may
aid in early detection and prevention of neurodegenerative
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disease and may be able to identify targets for potential
neurotherapeutic interventions.
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