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Abstract

Objective—To investigate whether eye-gaze avoidance, a striking phenotypic feature in fragile X 

syndrome (FXS), is associated with high levels of “hyperarousal” during social interactions with 

others. To date, almost all studies in this area have been confounded by inclusion of task demands 

in addition to social demands.

Method—We monitored the cardiovascular activity and eye-gaze avoidance of 50 boys and girls 

with FXS aged 5 to 20 years during a 25-minute intensive social interaction session with an 

unfamiliar experimenter. To control for possible family and genetic factors in cardiovascular 

activity, we compared each child with FXS with their same-sex typically developing biological 

sibling.

Results—Participants with FXS obtained significantly higher heart rates, lower vagal tone, and 

lower heart rate variability estimates both at baseline and during the social interaction session 

compared with their typically developing siblings. Although eye-gaze avoidance occurred at 

significantly higher levels in the children with FXS, this behavior decreased slightly over the 

course of the session (a “warm-up” effect) and did not seem to be associated with cardiovascular 

activity. In the girls with FXS, higher levels of the fragile X mental retardation protein were 

associated with higher (and more typical) heart rate variability.

Conclusions—These data suggest that both sympathetic and parasympathetic nervous systems 

are dysregulated in FXS. However, given that prolonged exposure to social demands does not 

inevitably lead to increased anxiety or “hyperarousal,” professionals should not be deterred from 

providing much needed social skills interventions for individuals with FXS.

Keywords

fragile X syndrome; hyperarousal; eye-gaze avoidance; vagal tone; heart rate

Fragile X syndrome (FXS) is the most common inherited known cause of intellectual 

disability occurring in as many as 1 in 4,000 male subjects and 1 in 8,000 female subjects.1 

The syndrome results from a mutation to an unstable sequence of CGG nucleotides within 

the FMR1 gene, which is located on the long arm of the X chromosome.2 This critical 
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sequence of CGG nucleotides within FMR1 repeats approximately 5 to 45 times in 

unaffected individuals; if the sequence expands to more than 200 repeats, hypermethylation 

of the promoter region of the gene is highly probable, and production of the “fragile X 

mental retardation protein” (FMRP), the protein product of the FMR1 gene, ceases to occur. 

The FMRP participates in the translational machinery that converts messenger RNA into 

protein, and thus, it is the lack of FMRP that seems to give rise to the cascade of physical, 

cognitive, and behavioral manifestations of the disorder.3 Given that FXS is an X-linked 

disorder, women are less affected by the syndrome and usually have higher levels of FMRP.

One of the most striking phenotypic features commonly seen in people with FXS is the 

propensity to avoid social situations, often manifested by severe eye-gaze avoidance and 

anxiety during social interactions, particularly in male.4–6 It has been suggested that eye-

gaze avoidance displayed in people with FXS often follows a predictable pattern that is 

different from the eye-gaze avoidance commonly shown by children diagnosed with autism. 

For example, Cohen and coworkers6 observed 12 young male subjects with FXS while 

interacting with their mothers for 10 minutes and then while interacting with a stranger for 

10 minutes. Results showed that children with FXS engaged in significantly higher levels of 

social avoidance behaviors compared with patients with Down syndrome and autism or with 

typically developing children. A further study conducted by Cohen and coworkers7 indicated 

that the manner in which children established eye contact with their parents differed between 

children with FXS and those diagnosed with autism. Specifically, children with FXS seemed 

to establish eye contact with the parent only when the parent was looking elsewhere, 

suggesting some kind of approach-avoidance conflict.8

The approach-avoidance hypothesis has been tested to some extent in a recent study in 

which pairs of FXS-affected and -unaffected siblings were exposed to conditions in which 

an experimenter sat face to face with the participant and delivered different levels of social 

and performance demands.5 Results showed that escape behaviors (including eye-gaze 

avoidance) were more likely to occur during conditions that involved high levels of social 

demands but not task demands. In the high social demand condition, eye-gaze avoidance 

occurred approximately 80% of the time in boys with FXS, and approximately 40% of the 

time in girls with FXS, despite repeated prompts for eye contact being made throughout the 

condition. More detailed analysis of the data indicated that prompts for eye contact from the 

experimenter were followed by a significant elevation in the probability of child eye contact, 

suggesting that the children were, in fact, responsive to the prompts for eye contact but that, 

once eye contact was established, it was maintained for only 1 or 2 seconds on average.

Murphy and coworkers9 have suggested that the cognitive processing demands typically 

associated with social interactions may contribute to increased eye-gaze avoidance in FXS. 

To test this theory, they experimentally manipulated levels of antecedent social and task 

demands while male participants with FXS were required to work on a computer task. In 

two of the conditions, the experimenter sat directly opposite the participant and delivered the 

task demands, whereas in two other conditions, the experimenter sat at the back of the room, 

and the task demands were delivered by the computer. In this study, however, eye-gaze 

avoidance was coded not only when the subject looked away from the experimenter (i.e., 

social avoidance) but also when the subject looked away from the computer screen (i.e., task 
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avoidance), thus confounding task avoidance with social avoidance. Although Murphy et al.9 

found that eye-gaze avoidance occurred in both sets of conditions, given their definition of 

eye-gaze avoidance, it seems that they were primarily studying task avoidance rather than 

social avoidance per se.

To further understand eye-gaze avoidance in FXS, several researchers have suggested that 

social avoidance behavior in FXS may result from a form of “hyperarousal” in which the 

sympathetic and parasympathetic nervous systems of people with FXS are dysregulated.10,11 

This hyperarousal hypothesis may help to explain why people with FXS often seem overly 

anxious or agitated during social interactions. In the first of these studies, Belser and 

Sudhalter12 reported that the tonic skin conductance of several male subjects with FXS was 

significantly elevated during conversations involving direct gaze from others. Miller and 

coworkers13 also found that electrodermal responses were elevated in a group of 15 male 

subjects with FXS during auditory, tactile, visual, and olfactory stimulation compared with a 

group of age- and sex-matched typically developing controls. Interestingly, Miller et al.13 

also found that levels of FMRP were associated with electrodermal activity, such that people 

with higher levels of FMRP evidenced a more typical electrodermal response.

Several studies have since monitored physiological arousal during cognitively demanding 

tasks, as opposed to social tasks. For example, Roberts and coworkers10 monitored 

cardiovascular activity in 29 boys with FXS, aged 1 to 11 years, while they alternated 

between a baseline task (watching a video) and performed a series of challenging cognitive 

tasks (subtests from the Stanford-Binet IV). Results showed that boys with FXS had 

significantly elevated heart rates (a measure of sympathetic nervous system activity) and 

significantly lower vagal tone (a measure of parasympathetic nervous system activity) both 

at baseline and during completion of the cognitive tasks, in comparison to a group of age-

matched typically developing children. However, in this study, no relation was found 

between levels of FMRP and the cardiovascular indices.

In the study by Keysor and coworkers,11 skin conductance, heart rate, vagal tone, and 

electromyographic activity were monitored in 13 girls with FXS aged 13 to 22 years while 

they performed a series of mental arithmetic, divided attention, and risk-taking tasks on a 

computer. Results showed that girls with FXS showed elevated levels of skin conductance at 

baseline in comparison to an age-matched group of control subjects. However, girls with 

FXS obtained similar physiological indices to a matched group of girls with Turner 

syndrome, suggesting that both groups of subjects were experiencing heightened arousal 

before the testing even began. In a further analysis of these data, Roberts and coworkers8 

reported that, although heart activity in girls with FXS increased only minimally during 

performance of the mental arithmetic task, change in heart rate activity was associated with 

poorer performance on this task.

To our knowledge, no studies have directly measured the physiological correlates of social 

avoidance behavior in children with FXS during stressful social situations. In the present 

study, therefore, we exposed children with FXS to a 25-minute social interaction session 

with an unfamiliar experimenter. To ensure that the interaction remained stressful, eye 

contact prompts were presented every 30 seconds. In addition, only social demands were 
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presented to avoid any task demands confounding the study. We simultaneously recorded 

measures of sympathetic and parasympathetic functioning in addition to recording 

observations of eye-gaze avoidance. To control for possible family and genetic factors in 

cardiovascular activity, we compared children with FXS to their same-sex typically 

developing sibling. We had two main hypotheses. First, we expected that children with FXS 

would show higher levels of physiological arousal and social gaze avoidance compared with 

their typically developing siblings. Second, we predicted that children with FXS would show 

greater physiological reactivity to social interaction (as evidenced by larger changes in 

cardiovascular indices relative to baseline) compared with their typically developing 

siblings. We also hypothesized that, within the group of children with FXS, low levels of 

FMRP (indicative of greater symptom severity) would predict increased physiological 

reactivity and increased eye-gaze avoidance during social interactions.

METHOD

Participants

Participants were 50 pairs of sex-matched siblings: 26 male and 24 female subjects. Each 

pair consisted of a child diagnosed with FXS and a typically developing biological sibling 

(TYP). Criteria for inclusion were as follows: one child in the household had received a 

diagnosis of FXS, another same-sex biological sibling also lived in the home but was 

unaffected by FXS (as demonstrated by DNA testing), the children were both in school or at 

college, and the mother of the children was a premutation carrier of the FMR1 mutation. If 

families had more than one typically developing same-sex sibling in the target age range, 

then a same-sex sibling closest in age to the child with FXS was chosen to take part in the 

study. Some children with FXS also had siblings with FXS, although diagnosis was not 

always confirmed. If families had more than one child with FXS in the target age range, then 

a female child with FXS closest in age to a typically developing female sibling was chosen. 

This was done to increase the number of female sibling pairs in the sample. Demographic 

characteristics of the sample are shown in Table 1. There were no significant differences in 

chronological age between the groups of siblings, (t49 = −0.92, p = .36). Thirty children 

(60%) with FXS had an older same-sex unaffected sibling (mean 3.5 years older), and 19 

children (38%) with FXS had a younger same-sex unaffected sibling (mean 3.0 years 

younger). One pair was nonidentical twins. As expected, there were significant differences 

in IQ scores between the groups, with the children with FXS obtaining significantly lower 

IQ scores than their typically developing siblings (t49 = −17.74, p < .001).

Families were recruited from across the United States (west 30%, south 26%, north central 

24%, and northeast 16%) and Canada (4%) through the National Fragile X Foundation, 

flyers distributed to special interest groups, local contacts, and our research Web site. 

Written informed consent was obtained from the parents of all of the participants. The ethnic 

distribution of the study sample was 90% white, 4% Hispanic, 2% African American, 2% 

Asian, and 2% Pacific Islander.

Diagnostic status of affected and unaffected children was confirmed by polymerase chain 

reaction and southern blot DNA analyses (Kimball Genetics, Denver, CO). All the children 

with FXS had CGG repeat lengths greater than 200 (full mutation range), with 
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hypermethylated alleles. All of the unaffected children had CGG repeat lengths less than 40 

(reference range); therefore, none of the siblings were carriers of the premutation or full 

mutation. The FMRP analyses were conducted on all blood samples from the subjects with 

FXS using the method devised by Willemsen and coworkers.14 Mean percentage FMRP 

levels were 16.7% (SD 16.1, range 2.5%–60.5%) in the boys with FXS and 52.1% (SD 18.3, 

range 15.0%–84.5%) in the girls with FXS. As expected, the girls with FXS had 

significantly higher levels of FMRP than the boys with FXS (t44 = 6.98, p < .001).

Procedures

Parental consent was obtained for all participants in the study and all procedures were 

approved by the local institutional review board. Two researchers arrived at the family home 

at 3 P.M. and conducted the experimental evaluation with each child. The order in which each 

pair of children received the evaluation was counterbalanced across siblings. Immediately 

before the session, a Polar chest belt was fitted around the child’s chest, and a heart rate and 

activity monitoring device (Mini-Logger 2000 system; Mini Mitter Respironics, Bend, OR) 

was placed on the child’s belt loop. The Mini-Logger 2000 is a battery-powered device that 

uses a radiotelemetry system to detect the R wave of the heart signal from a Polar chest belt. 

The receiver unit (measuring 4.5 × 2.5 in.) also contains a mercury-filled motion sensor 

mounted on a spring that can provide activity counts in 30-second epochs.

After the heart rate monitoring device had been fitted, each child sat in front of a laptop 

computer and watched a video of a relaxing seascape for 10 minutes (the last 5 minutes of 

which was used in the analysis). The laptop was then removed, and the experimenter sat in a 

chair directly opposite the participant, with knees almost touching. A camera operator stood 

several feet away from the interviewer, remaining as unobtrusive as possible. The 

experimenter then said: “For the next 25 minutes, we are going to have a conversation or talk 

to each other. The main thing I would like you to do is to maintain eye contact or look at my 

eyes as much as possible throughout this time.” The experimenter began this intensive 

interaction session by asking a question such as, “How are you doing today?,” “Have you 

seen any movies lately?,” “Do you have any hobbies?,” and if appropriate for the child’s 

age, questions such as “Where are you from?” and “How old are you?” If the participant did 

not respond, the experimenter asked another question. Throughout the experiment, the 

experimenter reminded the participant to maintain eye contact using prompts such as 

“Remember to look at me” or “You need to look at my eyes” approximately every 30 

seconds. Each 5-minute period of the session was demarcated by the experimenter reaching 

forward and pressing a button on the Mini-Logger receiver unit. To provide a more 

naturalistic context of social interaction, proximity between the experimenter and the 

participant was manipulated in an ABABA design. In the “A” condition, proximity was 0 m 

(i.e., knees almost touching). In the “B” condition, proximity was 2 m.

Response Definitions, Recording Technique, and Interobserver Agreement—
Child eye-gaze avoidance was defined as the child looking away from the experimenter’s 

face, including avoiding eye contact even when prompted; experimenter social demands was 

defined as any vocalization from the experimenter directed toward the participant such as 
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giving instructions, asking questions, giving eye contact prompts, and engaging in general 

conversation.

Observations were recorded from DVD using software that allowed multiple behaviors to be 

simultaneously coded in real time.15 Behaviors were recorded as durations (i.e., the observer 

was required to press a specific key on the keyboard to indicate its onset and again to 

indicate its offset). All observational data were saved in Sequential Data Interchange 

Standard format for later analysis using the GSEQ version 4.2 software program (Georgia 

State University, Atlanta).16 During 25% of the sessions, a second observer also collected 

data. Agreement was calculated on a 10-second interval-by-interval basis using Cohen κ.17 

The mean level of agreement for child eye-gaze avoidance and experimenter social demands 

was 0.71 (range 0.62–0.85) and 0.90 (range 0.84–0.96), respectively.

Data Analysis

All heart rate and activity count data were downloaded from the Mini-Logger 2000 to a 

personal computer using Mini-Log 2000W version 1.2 (Mini-Mitter, 2001). The data were 

then analyzed using MXedit version 2.21 (Delta-Biometrics, Bethesda, MD). The interbeat 

interval (IBI) data were first inspected to remove artifacts and to correct errors. To calculate 

vagal tone, the data analysis included converting the heart periods to constant sampling rates 

by resampling the data at 500-millisecond intervals, detrending the resampled data with a 

21-point moving cubic polynomial, processing the detrended data with a digital bandpass 

filter (0.12 Hz for the low limit of the bandpass and 0.40 Hz for the high limit of the 

bandpass), and computing the natural logarithm of the bandpassed variance.

The percentage of time during which experimenter social demands and child eye-gaze 

avoidance occurred in each 5-minute period was calculated by dividing the number of 

seconds of occurrence of each target behavior by 300 and multiplying by 100. The mean 

percentage duration of social demands delivered by the experimenter in each 5-minute 

period was 58.2% (range 57.3%–59.6%) for the male subjects with FXS, 50.6% (range 

47.9%–52.8%) for the TYP male subjects, 56.8% (range 54.2%–58.4%) for the female 

subjects with FXS, and 51.0% (range 49.0%–51.8%) for the TYP female subjects. Levels of 

social demands were therefore consistently applied between groups and across each 5-

minute period of social interaction.

To compare FXS and TYP children, we used a mixed-effects regression model with nested 

random effects for child within family, using “XTREG” in STATA 10 (StataCorp, College 

Station, TX). We fit the effect of time by two connected straight lines, representing an initial 

effect between baseline and the first 5 minutes of social interaction and a subsequent trend 

between 5 and 25 minutes of social interaction. This model is more easily interpreted than a 

quadratic model in which initial and subsequent effects cannot be examined separately. In 

addition to time, fixed effects included group and interactions of group with each effect of 

time. Time-by-group interactions were tested using the 2-df Wald test to inspect both 

interactions simultaneously. For each response at time t, chronological age and activity 

counts at time t (recorded by the Mini-Logger 2000) were included as covariates. Separate 

analyses were conducted for the male and the female subjects.
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RESULTS

Cardiovascular Indices

Figure 1 shows the observed means and SEs for the IBI, vagal tone, and heart rate variability 

measures for male and female sibling pairs at baseline and at each successive 5-minute 

period of social interaction.

As shown in Figure 1, boys with FXS obtained significantly higher activity counts than their 

typically developing siblings in each 5-minute period of the experiment (p < .001). This 

variable was therefore included as a covariate in all subsequent analyses in both groups, as 

well as age. When controlling for activity counts and age of the children, baseline IBI, vagal 

tone, and heart rate variability indices were all significantly lower in the male subjects with 

FXS than in their typically developing siblings (p < .001 for each outcome). Baseline vagal 

tone (p = .001) and heart rate variability (p = .049) were also significantly lower in the 

female subjects with FXS than in their typically developing siblings. Baseline IBI was not 

significantly different between female sibling pairs (p = .542). There was a significant time-

by-group interaction for IBI in boys (p = .027), with IBI levels in boys with FXS decreasing 

significantly at 5 minutes but making a slight, but non-significant, recovery at 25 minutes. 

The IBI levels in the TYP male subjects also decreased significantly below their baseline 

levels, on average, at 5 minutes and continued to decrease by 25 minutes. There was also a 

significant time-by-group interaction for IBI in the female subjects (p = .009). The IBI levels 

in the female subjects with FXS decreased below their baseline at 5 minutes and continued 

to decrease at 25 minutes. The IBI levels in the TYP female subjects also decreased below 

their baseline, on average, at 5 minutes but recovered back to baseline at 25 minutes.

For vagal tone, there was no significant time-by-diagnosis interaction in boys (p = .552) or 

in girls (p = .633). For heart rate variability, there was also no significant interaction in boys 

(p = .730). However, the girls showed a significant interaction of time and group on heart 

rate variability (p = .019). The girls with FXS showed little change in heart rate variability 

throughout the experiment. In contrast, heart rate variability in the TYP girls increased 

above baseline, on average, at 5 minutes and remained above baseline, on average, at 25 

minutes.

Eye-Gaze Avoidance

Figure 1 (lower panel) shows the mean level of eye-gaze avoidance observed in each 5-

minute period of the social interaction. As expected, the boys and girls with FXS showed 

significantly higher mean levels of eye-gaze avoidance compared with their typically 

developing siblings (p < .001 for both). The boys and girls with FXS avoided eye contact 

with the experimenter approximately 80% and 40% of the time, respectively, whereas 

typically developing siblings avoided eye contact only 10% of the time on average. 

Interestingly, eye-gaze avoidance decreased slightly in the male subjects with FXS over time 

(p < .002), but this trend was not apparent in typically developing boys (p = .588). A similar 

but nonsignificant trend over time was seen in the girls with FXS (p = .066) but not in 

typically developing girls (p = .673).
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Association Between Cardiovascular Indices and Eye-Gaze Avoidance

To determine whether levels of child eye-gaze avoidance were associated with the 

cardiovascular indices, we reran the analyses of IBI, vagal tone, and heart rate variance at 

time t, adding eye-gaze avoidance at time t as a potential predictor. We also ran the analyses 

with eye-gaze avoidance added at time t + 5 minutes and at time t − 5 minutes to determine 

whether there may be a significant lead or lag effect. Results were not significant in either of 

these analyses.

Association Between Cardiovascular Indices and FMRP

We conducted a similar secondary analysis to that previously conducted to examine the 

effect of FMRP levels on IBI, vagal tone, and heart rate variability within children with 

FXS. First, we included FMRP and two interactions with time and used the 3-df Wald test 

for all three terms at once. Second, we included only a main effect of time. For this model, 

FMRP was not significant for the boys or the girls for all three cardiovascular measures 

except for heart rate variability in the girls with FXS. The 3-df test yielded p = .0099 for a 

time-by-FMRP interaction, such that the girls with the lowest observed level of FMRP 

(2.5%) were predicted to decrease in heart rate variability in the first 5 minutes of social 

interaction, whereas the girls with the highest level of FMRP (84.5%) were predicted to 

increase in heart rate variability in the first 5 minutes during the same time (when adjusted to 

the average age and the average activity counts). Thus, for heart rate variability, the girls 

with FXS who had higher (more typical) levels of FMRP had a pattern more similar to their 

typically developing siblings.

Association Between Cardiovascular Indices and Psychoactive Medication Status

As shown in Table 1, 46.2% of the boys with FXS and 16.7% of the girls with FXS were 

taking stimulant medications at the time of the study. Antidepressant medications were being 

taken by 34.6% of the boys with FXS and 29.2% of the girls with FXS. These medications 

are likely to influence (directly and/or indirectly) some of the measures (including the 

physiological measures as well as neurobehavioral systems that could influence behavior 

and emotion during the study). Figure 2 shows the primary variables broken down according 

to whether the children with FXS were taking psychoactive medication. Although some 

trends can be seen in the data, statistical analysis indicated that there were no significant 

differences between the subjects who were taking psychoactive medication and those who 

were not taking psychoactive medication on any of the variables.

DISCUSSION

We monitored the cardiovascular activity of the 50 boys and girls with FXS during a 25-

minute intensive social interaction session and compared each child with their same-sex 

typically developing sibling. To remove the potential confound of including task demands 

during the social encounter, the experimenter presented only antecedent social demands and 

delivered eye contact prompts every 30 seconds to ensure that the interaction was stressful. 

Results showed that the boys with FXS obtained significantly higher heart rates (as 

evidenced by lower IBIs), significantly lower vagal tone, and significantly lower heart rate 

variability compared with their typically developing siblings, both at baseline and 
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throughout the 25-minute social interaction session. The girls with FXS also obtained 

significantly lower vagal tone and heart rate variability estimates than their typically 

developing siblings throughout the experiment, although their heart rates were similar to 

their typically developing siblings. Taken together, these results support previous literature 

suggesting that the children with FXS seem to have an overactive sympathetic nervous 

system (as evidenced by increased heart rates and low heart rate variability) and an 

underactive parasympathetic nervous system (as evidenced by lower vagal tone).10

It seems likely that the dysregulated cardiovascular activity found in the children with FXS 

may result from the increased distress of making eye contact with others. If the children with 

FXS find this social task somehow demanding, threatening, or novel, then engaging in eye-

gaze avoidance will temporarily result in the removal of this distress. This coping strategy 

may, perversely, explain why eye-gaze avoidance occurs so frequently in the children with 

FXS because the contingent removal of aversive stimulation constitutes negative 

reinforcement of the behavior. As predicted, both boys and girls with FXS showed 

significantly higher levels of eye-gaze avoidance than their sex-matched typically 

developing siblings, avoiding eye contact with the experimenter a remarkable 80% and 40% 

of the time on average, respectively. These data support a previous study in which 

observations of eye-gaze avoidance were also coded from videotape in the boys and girls 

with FXS.5 Interestingly, however, we were unable to demonstrate an association between 

cardiovascular activity and eye-gaze avoidance in the present study. One possibility is that 

cardiovascular activity and eye-gaze avoidance in FXS occur on different temporal scales. 

Future studies could use time series analysis to examine whether a significant moment-to-

moment lead or lag time exists between the two variables, or whether the relation is more 

extended in time. It is also possible that the children with FXS were already experiencing 

anticipatory anxiety about the social interaction, even before it had begun, so that 

cardiovascular activity may already have peaked in these children.

We found no association between FMRP levels and the cardiovascular indices in the boys 

with FXS, suggesting that the dysregulation of the autonomic nervous system among the 

children with FXS may be linked to other factors. However, it should be pointed out that, in 

the boys with FXS, the range of FMRP values was severely restricted, with most of the boys 

with FXS having FMRP levels less than 20%. Thus, we may have failed to detect an 

association between cardiovascular activity and FMRP levels in this group simply because 

of a lack of variance in FMRP. In support of this explanation, we did find an association 

between FMRP levels and heart rate variability in the girls with FXS. Specifically, we found 

that the girls who had FMRP levels that were closer to the reference range had heart rate 

variability levels that were similar to their typically developing siblings. These data suggest, 

at least in the girls with FXS, that brain FMRP levels may be associated with sympathetic 

nervous system regulation.

There are several advantages to the design of the study presented here over previous reports. 

First, children with FXS were directly compared with their sex-and age-matched typically 

developing sibling to reduce any systematic variance related to (other) genetic and family 

variables. Second, to increase the ecological validity of the study, the intensive social 

interaction session was conducted in the child’s natural environment, shortly after the 
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experimenter had arrived at the child’s home. We also systematically manipulated the degree 

of proximity between the experimenter and the child without allowing the child to escape 

from the interaction. Given that previous studies to date have monitored physiological 

activity in laboratory settings and have used nonsocial stressors (cognitive tasks) to elicit 

cardiovascular activity, the present study can therefore be considered a more naturalistic test 

of the hyperarousal hypothesis in FXS. A further unique contribution of this study is that we 

also directly measured eye-gaze avoidance throughout the experiment. This allowed us to 

determine whether there was an association between this prominent behavioral feature of 

FXS and cardiovascular activity. In addition, we controlled for the potential confound of 

increased motor activity in children with FXS by recording activity counts from the Mini-

Logger 2000 system and using this measure as a covariate in our analyses.

There are also several weaknesses to the present study. First, we did not include a 

comparison group of children with similar levels of developmental disability. It is possible, 

for example, that dysregulation of cardiovascular activity may not be specific to children 

with FXS and may also occur in children with other forms of developmental disability. For 

example, autonomic dysregulation has also been found in patients diagnosed with Turner 

syndrome,18 Rett syndrome,19 autism,20 and anxiety disorders.21 Second, although we were 

able to statistically control for differences in age and activity level of the children, future 

studies should attempt to directly control these factors using groups with smaller age ranges 

and less variance in activity level. Third, many of the children with FXS were taking 

medications at the time of the study that may have directly influenced cardiovascular 

activity. For example, 46% of the boys with FXS were taking stimulant medication, whereas 

29% of the girls with FXS were taking antidepressant medication at the time of the study. 

Further analysis of the data showed that, although some trends emerged in the data, there 

were, in fact, no statistical differences in cardiovascular activity between those children with 

FXS taking psychoactive medications and those not taking psychoactive medications. Given 

that a large proportion of the patients with FXS take medications, future studies should 

investigate the effect of psychoactive medications on hyperarousal and social avoidance 

behavior in larger groups of children with FXS.

In a previous study, we exposed children with FXS to both social and performance demands 

and found that escape behaviors were more likely to occur during social tasks.5 However, in 

that study, children were exposed to social demands for only 5 minutes, leaving the question 

open as to what would transpire if the social interaction session was prolonged in duration. 

In the present study, therefore, we designed the experiment so that social demands were 

consistently applied for a longer period of time (25 minutes) to determine whether eye-gaze 

avoidance and concomitant cardiovascular indices would increase, a reflection of the so-

called hyperarousal effect. Surprisingly, we found that both eye-gaze avoidance and heart 

rate actually decreased slightly over time in the boys with FXS. Roberts and coworkers8 also 

reported a “warming up” effect over the course of a research assessment period. This finding 

has extremely important implications for intervention. For example, some investigators have 

suggested that interventions to improve eye contact should not be attempted because of the 

potential risk for increasing levels of hyperarousal and anxiety.22 The data from the present 

study suggest that, on the contrary, exposure to social demands does not inevitably lead to 

increased anxiety and hyperarousal in FXS. Rather, it seems likely that preventing the child 
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from escaping from the social situation and providing repeated prompts for eye contact may 

eventually lead to extinction of the social avoidance behaviors in FXS.

In a recent study, we showed that it is possible to improve eye contact duration in boys with 

FXS using a basic behavioral shaping technique.23 In that study, we sat face to face with the 

participant and made systematic prompts for longer and longer durations of eye contact, 

reinforcing each criterion response with an edible or desired item without allowing the 

children the opportunity to escape. Data showed that, over several hundred of these discrete 

trials, eye-contact duration improved significantly in four of the six boys with FXS, without 

concomitant increases in hyperarousal. Although further research will be needed to 

determine whether these gains in eye contact can be generalized and maintained over time, 

these data suggest that professionals should not be deterred from providing much needed 

social skills interventions for patients with FXS.
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Fig. 1. 
Mean IBI, vagal tone, heart rate variability, activity counts, and eye-gaze avoidance for male 

and female sibling pairs of children plotted in successive 5-minute periods of intensive 

social interaction. Standard error bars are also shown. 0 min = baseline; FXS = fragile X 

syndrome; HR = heart rate; IBI = interbeat interval; TYP = typically developing biological 

sibling.

Hall et al. Page 13

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2016 April 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Mean IBI, vagal tone, heart rate variability, activity counts, and eye-gaze avoidance for boys 

and girls with FXS plotted in successive 5-minute periods of intensive social interaction. 

Data are displayed according to whether the children were taking psychoactive medication. 

Standard error bars are also shown. 0 min = baseline; FXS = fragile X syndrome; HR = heart 

rate; IBI = interbeat interval; MED = medication.
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TABLE 1

Demographic Information

Male Pairs Female Pairs

FXS Sibling FXS Sibling

Age, y

  Mean 14.57 14.60 13.13 14.03

  SD (2.77) (3.76) (4.13) (4.52)

  Range 8.2–20.4 7.1–21.9 5.0–19.6 6.2–23.2

IQ

  Mean 46.92 107.35 71.88 112.79

  SD (9.99) (9.86) (22.12) (12.86)

  Range 40–73 85–126 40–125 97–146

Medication %

  Antidepressant 34.6 7.7 29.2 0.0

  Stimulant 46.2 7.7 16.7 0.0

  Antipsychotic 7.7 0.0 0 0.0

  Antihypertensive 11.5 0.0 8.3 0.0

  Anticonvulsant 15.4 0.0 4.2 0.0

  More than 1 34.6 0.0 12.5 0.0

Note: FXS = fragile X syndrome.
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