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Structured Abstract

Objective.—The FMR1 premutation is a common genetic abnormality, affecting ~1:150 women 

in the United States. Clinical neuropsychologists are becoming increasingly aware of their role in 

the clinical management of the FMR1 premutation, which is associated with risk for a range of 

cognitive, executive, neuromotor, and psychological impairments, including neurodegenerative 

disease. This study investigated atypical eye contact as a critical neuropsychological phenotype 

associated with the FMR1 premutation, and its potential interface with social anxiety.

Methods.—Thirty-eight women with the FMR1 premutation and 27 control women engaged in a 

20-minute conversational sample with an examiner. Eye contact quality was coded from the 

videotaped samples by blinded coders. Mixed models tested group differences in eye contact 

during the beginning and the end of the conversation. Social anxiety and broad autism phenotype 

traits were tested as predictors of eye contact quality across the groups.

Results.—Women with the FMR1 premutation exhibited significantly reduced eye contact 

during both the beginning and the end of the social interaction, despite a “warm-up” effect where 

eye contact improved by the end of the interaction. Eye contact quality was not associated with 

social anxiety or broad autism phenotype traits.

Conclusions.—This study supports reduced eye contact as a phenotypic feature of the FMR1 
premutation, which presents independent of social anxiety and the broad autism phenotype. These 

findings contribute to a growing understanding of the neuropsychological phenotype of the FMR1 

Correspondence concerning this article should be addressed to Jessica Klusek, Department of Communication Sciences and Disorders, 
Keenan Building, Room 358, 1229 Marion Street, University of South Carolina, Columbia SC 29208, klusek@mailbox.sc.edu, phone: 
803-777-5049, fax: 803-777-3081. 

Disclosure of Interest
The authors report no conflicts of interest.

HHS Public Access
Author manuscript
Clin Neuropsychol. Author manuscript; available in PMC 2019 August 01.

Published in final edited form as:
Clin Neuropsychol. 2018 ; 32(7): 1337–1352. doi:10.1080/13854046.2017.1384063.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



premutation, which has public health implications given that >1 million individuals in the United 

States carry this genetic abnormality.
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Clinical neuropsychologists are becoming increasingly aware of their role in the 

management of Fragile X Mental Retardation-1 (FMR1) premutation syndromes. The FMR1 
premutation is characterized by an expansion of 55–200 repeats of the CGG sequence on the 

FMR1 gene (Maddalena et al., 2001). This trinucleotide expansion is highly prevalent, 

affecting 1 in 151 females in the United States (Seltzer, Baker, et al., 2012), and is associated 

with risk for having a child affected by fragile X syndrome (Nolin et al., 2003). 

Neuropsychologists have a significant role in the management of the FMR1 premutation, as 

this genetic abnormality is associated with a neuropsychological phenotype characterized by 

a range of cognitive, social, and psychological issues that vary in penetrance and severity. 

Cognitive features of the FMR1 premutation in women include deficits in inhibitory control, 

attention, and working memory (Kraan et al., 2013). About 5% of females with the FMR1 
premutation are affected by autism spectrum disorder, and expression of the broad autism 

phenotype (BAP) is also elevated in this group (Clifford et al., 2007; Losh et al., 2012; 

Schneider et al., 2016). Perhaps the best-characterized clinical consequence is psychological 

vulnerability, which includes rates of social anxiety disorder estimated at 6–18% in women 

(Bourgeois et al., 2011; Franke, Leboyer, Gansicke, & Weiffenbacj, 1998; Roberts et al., 

2016). Additionally, 16% of females with the FMR1 premutation will develop Fragile X-

Associated Tremor-Ataxia Syndrome (FXTAS), a late-onset neurodegenerative movement 

disorder characterized by tremor, ataxia, dementia, executive dysfunction, and mood 

disorders (Hall et al., 2014). Assessment and monitoring of FXTAS risk and decline in 

patients with the FMR1 premutation is also a critical role of the clinical neuropsychologist 

(as highlighted in a recent special issue in The Clinical Neuropsychologist, e.g., Hessl & 

Grigsby, 2016).

Although the FMR1 premutation is clearly associated with neuropsychological risk, our 

understanding the phenotypes associated with this genetic abnormality is nonetheless still 

emerging. A decade ago, the prevailing view was that individuals with the FMR1 
premutation were “silent” carriers with no associated clinical features (e.g., Hagerman & 

Hagerman, 2002). Therefore, many aspects of the FMR1 premutation profile remain 

undefined, particularly in women. Atypical eye contact, in particular, has been largely 

unexplored, despite its critical role in social functioning. Atypical use of social gaze can be 

highly disruptive of social engagement, as eye gaze facilitates key social functions such as 

the ability to understand the mental states of others, the establishment of listener/speaker 

roles, and the perception of speaker intent and deception (Baron-Cohen, 1995; Bruner, 1983; 

Frith & Frith, 2001; Hanna & Brennan, 2007; Ho, Foulsham, & Kingstone, 2015; Kleinke, 

1986; McCarthy & Lee, 2009; Tomasello & Tomasello, 2009; Vertegaal, Slagter, Van der 

Veer, & Nijholt, 2001). Attunement to social gaze is thought to represent an innate, 

biologically prepared skill that provides the foundation for the later development of adaptive 

social behavior, and is present in newborns as young as 1–2 days old (Farroni, Csibra, 
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Simion, & Johnson, 2002; Farroni, Massaccesi, Menon, & Johnson, 2007; Grossmann, 

Johnson, Farroni, & Csibra, 2007). Impaired perception and use of eye gaze is closely tied 

with brain pathology, with a large network of brain areas implicated, including the superior 

temporal sulcus region, the amygdala, the fusiform gyrus, and some frontal and parietal 

areas (Itier & Batty, 2009). In the hands of a skilled neuropsychologist, information about a 

patient’s eye contact can lend insight into specific neuronal circuits underlying the patient’s 

neuropsychological profile.

While there is a paucity of research on eye contact in the FMR1 premutation, gaze 

avoidance is a hallmark feature of fragile X syndrome. Gaze avoidance in fragile X is 

thought to be rooted in social anxiety and is often most striking in response to initial 

interactions in novel social settings, but improves over time (Cohen et al., 1988; Roberts, 

Weisenfeld, Hatton, Heath, & Kaufmann, 2007). Some clinical case descriptions suggest that 

this profile of gaze avoidance may extend to the FMR1 premutation, such as a case study by 

Tassone et al. (2000) where “difficulty making eye contact” was described in a 9-year-old 

girl and a 33-year-old woman. One other study failed to detect differences between the eye 

contact of women with the FMR1 premutation and controls (Riddle et al., 1997). However, 

this study focused on clinician impressions of eye contact during a medical examination and 

the blunt “present/absent” scale utilized may have been inadequate for capturing subtle 

differences. Other evidence of altered use of social gaze comes from a recent study by 

Klusek et al. (2017), which found that women with the FMR1 premutation showed increased 

attention to averted gaze relative to controls during an experimental eye tracking paradigm. 

These studies underscore the need for focused investigation of eye contact in the FMR1 
premutation. Understanding the eye gaze profile of the FMR1 premutation will contribute to 

the growing understanding of the clinical effects associated with this prevalent genetic 

abnormality and may have treatment implications. The present study contributes to our 

nascent understanding of the neuropsychological profile of the FMR1 premutation 

phenotype through characterization of atypical eye contact and its potential interface with 

social anxiety and the BAP.

Social anxiety is characterized by excessive fear of social scrutiny that often leads to 

avoidance of feared social situations (American Psychiatric Association, 2013). Eye gaze is 

one modality through which negative social evaluations are conveyed, and thus may 

represent a fear-relevant stimulus for individuals with social anxiety (Clark & Wells, 1995; 

Mogg, Philippot, & Bradley, 2004; Wirth, Sacco, Hugenberg, & Williams, 2010). Several 

studies have documented a connection between social anxiety symptoms and reduced eye 

contact, both in non-patient and social anxiety disorder samples (Daly, 1978; Farabee, 

Holcom, Ramsey, & Cole, 1993; Schneier, Rodebaugh, Blanco, Lewin, & Liebowitz, 2011). 

Additionally, delayed or deficient habituation to novel social stimuli—characteristic of shy 

or “slow to warm up” temperament— is associated with substantially heightened risk for 

social anxiety (Biederman et al., 2001; Clauss & Blackford, 2012; Fox, Henderson, 

Marshall, Nichols, & Ghera, 2005; Gladstone, Parker, Mitchell, Wilhelm, & Malhi, 2005; 

Hirshfeld et al., 1992; Rothbart, Ahadi, & Evans, 2000). Thus, we hypothesized women with 

the FMR1 premutation would show a profile of gaze avoidance that is most striking in the 

initial moments of a social interaction but improves given time to adjust to the social 

context. This hypothesized profile parallels the gaze avoidance profile of fragile X 
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syndrome, which is characterized by prominent reductions in eye contact during the initial 

moments of social interaction, with improvement over time but failure to normalize to the 

level of controls (Cohen et al., 1988; Roberts, Weisenfeld, Hatton, Heath, & Kaufmann, 

2007).

To explore alternative potential mechanisms of reduced eye contact in the FMR1 
premutation, this study also examined the association between BAP traits and eye contact. 

The BAP is comprised of subclinical traits that mirror the core deficits of autism and reflect 

genetic vulnerability to the condition (Losh, Childress, Lam, & Piven, 2008). These traits are 

seen at increased rates in women with the FMR1 premutation (Losh et al., 2012; Schneider 

et al., 2016) and may influence the use of social gaze. Atypical eye contact is a hallmark 

feature of autism spectrum disorder, and differences in gaze behavior and processing extend 

to the BAP (Chen & Yoon, 2010; Losh & Piven, 2007). Thus, the present study sought to 

better characterize the neuropsychological profile of the FMR1 premutation through 

examination of eye contact quality and its association with BAP and social anxiety 

phenotypes. Our research questions were as follows:

1. Is eye contact reduced in women with the FMR1 premutation relative to control 

women, and is a “warm up effect” observed where eye contact improves with 

time? We hypothesized that women with the FMR1 premutation would exhibit 
reduced eye contact that is most salient in the initial minutes of interaction, 
before adjustment to the novel social context has taken place. It was expected 
that eye contact would improve by the end of the social interaction, but would 
nonetheless remain reduced relative to controls, suggesting failure to adjust to 
the social context.

2. Do social anxiety and BAP phenotypes relate to the quality of eye contact in 

women with the FMR1 premutation and controls? We hypothesized that reduced 
eye contact would be associated with elevated social anxiety symptoms and BAP 
traits.

Methods

Participants

Participants included 38 women with the FMR1 premutation and 27 neurotypical control 

women who were participating in a larger study on communication profiles in the FMR1 
premutation, which has been described previously (e.g., Klusek et al., 2017). Women with 

the FMR1 premutation were recruited through their children who were participating in larger 

developmental studies of fragile X syndrome or the FMR1 premutation, or from the local 

community by word of mouth. The presence of the FMR1 premutation was confirmed via 

genetic testing conducted as part of the larger study. Although genetic testing for controls 

was beyond the scope of the present study, premutation alleles were ruled out in 70% of the 

control participants, who completed genetic testing through dual enrollment in a related pilot 

study. Control women were recruited from the local community through word of mouth and 

social media. This group consisted of women who were mothers of typically developing 

children, which allowed us to exclude women who had children with developmental delays 
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potentially associated with fragile X syndrome. Typical development in children was defined 

as the absence of a diagnosed or treated developmental delay/disorder per maternal report 

and by scores below the threshold for autism spectrum disorder on the Social 

Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003). Four women initially 

recruited for the study were excluded: one because of elevated SCQ scores in her child, and 

three because of scores ≥ 1.5 standard deviations below the mean on the IQ Composite of 

the Kaufman Brief Intelligence Test-2 (Kaufman & Kaufman, 2004). The groups were 

similar in age, IQ, education level, and race; see Table 1 for demographic information.

Measures

Eye Contact—Eye contact was coded from a 20 minute conversational “life history” 

interview, which has been used extensively as a semi-structured conversational sample in 

studies of non-disordered adults (e.g., Klusek, Losh, & Martin, 2014; Klusek, McGrath, 

Abbeduto, & Roberts, 2016; Losh et al., 2012). Examiners introduced conversational topics 

around a standard template of open-ended topics, such as “What kinds of activities did you 

enjoy most as a child?”. Probe questions focused on the participants’ childhood and adult 

life prior to having children, and did not include questions about their children. While all 

participants received the same standard probe questions, the interviewer facilitated 

conversation around the standard topics by commenting on participants’ responses, asking 

follow-up questions, and offering information. The participants were not aware that the 

interaction would be coded for eye contact or other social behaviors. Each conversational 

sample was videotaped with both the participant and examiner visible on the screen.

Eye contact was rated from the first three minutes and last three minutes of the videotaped 

conversational sample. These time segments were chosen to obtain a measure of initial eye 

contact, when the social situation is most novel, and final eye contact after habituation has 

taken place. One summary code capturing the overall quality of eye contact was assigned for 

the initial and final observation points. The summary eye contact rating was represented by a 

5-point scale, with a higher score denoting progressively worse eye contact. For example, a 

“1” indicated eye contact that was contextually appropriate and well integrated with speech, 

a “3” indicated eye contact that was mildly reduced, and a “5” indicated eye contact that was 

rare or significantly reduced. Each sample was coded by two trained raters who had no prior 

knowledge of group membership. Although the raters were initially blind, six women with 

the FMR1 premutation revealed their group membership during the interview; statistical 

analyses indicated that the inclusion of these samples did not influence study results and 

therefore the full sample was retained in final analyses (see Data Analysis). The raters were 

trained by independent coding of a series of practice files until they achieved 100% 

agreement with each other on three consecutive training files. After training, each rater 

scored each sample independently and consensus scores for each file were determined 

through discussion. Inter-rater reliability prior to consensus was ICC (3, 2) = 0.93 for initial 

eye contact and ICC (3, 2) = 0.92 for final eye contact.

Social Anxiety Symptoms—The Liebowitz Social Anxiety Scale-Self Report (LSAS-

SR; Liebowitz, 1987) measured continuous social anxiety symptoms. This self-report scale 

consists of 24 items representing social situations such as, “talking with people you don’t 
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know very well” and “looking at people you don’t know very well in the eyes.” Items 

capture trait social anxiety symptoms across a range of contexts, as opposed to state 

symptoms (i.e., a temporary response to a specific social event). Each item is scored on a 4-

point scale based on ratings of fear/anxiety and avoidance behavior associated with each 

situation experienced within the last week. Scores are tallied to create a total score 

representing the severity of social anxiety symptoms. The LSAS-SR has high internal 

consistency of 0.95 and high agreement with the clinician-administered version (Fresco et 

al., 2001). A cut-off score of 30 has been proposed for differentiating individuals with social 

anxiety disorder from non-anxious controls (Rytwinski et al., 2009).

Social Anxiety Disorder—Current and lifetime clinical social anxiety disorder (social 

phobia) were also assessed in the FMR1 premutation sample. Social anxiety disorder in the 

FMR1 premutation was evaluated by a trained doctoral-level examiner with the Structured 

Clinical Interview for DSM-IV-TR (SCID; First & Gibbon, 2004), which is a semi-

structured interview that diagnoses Axis I disorders according to DSM-IV criteria. The 

interviews were audio recorded and 20% were randomly selected and second-scored for 

inter-rater reliability by a licensed psychologist who was blind to group membership; 

percent agreement for the presence/absence of social anxiety disorder was 100%. Both 

lifetime and current occurrence of social anxiety disorder were queried, however, in this 

dataset all individuals who had a positive lifetime history of social anxiety disorder also met 

diagnostic criteria for current social anxiety. Therefore, current and lifetime disorder were 

collapsed into a single category in analyses. SCID data were missing for 4 participants due 

to time constraints. These data were not collected on controls because it was expected that 

too few controls would meet criteria for social anxiety disorder to yield meaningful analyses 

across dichotomized subgroups.

Broad Autism Phenotype Traits—The Broad Autism Phenotype Questionnaire (BAP-

Q; Hurley, Losh, Parlier, Reznick, Piven, 2007; Sasson et al., 2013) was administered as an 

index of BAP symptoms. The BAP-Q was developed to identify the BAP in parents for 

family studies of autism spectrum disorder, and has good reliability, internal consistency, a 

validated factor structure, and evidence of convergent validity with clinical assessments of 

the BAP (Ingersoll, Hopwood, Wainer, & Donnellan, 2011; Hurley et al., 2007). The BAP-Q 

combines self and informant report to evaluate symptoms within the core domains of the 

BAP: aloofness, pragmatic language difficulties, and rigidity. Participants completed the 

self-report form and asked someone who “knew them well” to complete the informant-report 

form. Informants were provided a prepaid mailer to return the questionnaire directly to the 

researchers after completion. The questionnaire consists of 36 items scored on a 1–6 scale 

based on the frequency each feature is exhibited. The BAP-Q yields a best-estimate total 

score, which is an averaged summary score of the informant and participant reports. Higher 

scores are consistent with increased BAP traits; a cut-off score of 3.19 is recommended to 

identify females who are “positive” for the BAP (Sasson et al., 2013).

Procedure

Assessments were administered as part of a larger research protocol that lasted 

approximately three hours. About a week prior to the assessment, participants were mailed a 
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packet including the LSAS-SR and BAP-Q forms. Participants were asked to bring the 

completed questionnaires with them to the assessment (a prepaid mailer was included in the 

packet for informants to mail the BAP-Q informant form directly to the researchers). The 

first hour of the assessment consisted of standardized cognitive testing. The life history 

interview followed completion of the cognitive assessments, and represented the first 

opened-ended, non-structured activity. The SCID was the final assessment administered in 

the protocol. All interviews were conducted by one of four trained, doctoral-level female 

examiners. It was not possible for the examiners to remain blind to group membership given 

the length of the protocol. However, examiners were blind to the participant’s LSAS-SR, 

BAP-Q and SCID results at the time of the interview. Informed participant consent was 

obtained and all procedures were approved by the Institutional Review Board of the 

University of South Carolina.

Data Analysis

Analyses were carried out using SAS 9.4 (SAS Insititute, 2012). First, descriptive statistics 

were computed and the data were examined for normal distribution. Right skewing was 

observed for the LSAS-SR total score. The Box Cox transformation technique (Box & Cox, 

1964) was applied to find the optimal normalizing transformation and the LSAS-SR was 

transformed by λ= 0.50. Next, potential confounds were examined to determine covariates 

for the final models. No examiner effects were indicated by general linear models testing the 

effect of examiner on the quality of initial (p =.400) and final (p = .742) eye contact. Pearson 

correlations indicated that age was not associated with eye contact during either initial or 

final observation points, within the groups collapsed (p’s > .659) or across the groups (p’s 
> .521). The quality of eye contact was also not associated with IQ within groups (all p’s > .

216) or across groups (p’s > .592). Based on these analyses, age, IQ, and examiner were not 

covaried in the final models.

To address the first research question, a mixed effects linear model tested group, condition, 

and their interaction as predictors. Race and education level were included as covariates, as 

it is possible that these demographic characteristics could account for variance in eye contact 

behavior. Then, the relationship between social anxiety and eye contact was tested using a 

mixed effects general linear model. The model included group, condition, the LSAS-SR 

total score, the LSAS-SR-by-group interaction, and the LSAS-SR-by-condition interaction 

as predictors, as well as the covariates race and education level. Next, a second mixed model 

tested current social anxiety disorder as a predictor of eye contact across conditions in the 

FMR1 premutation sample. The model included condition, the occurrence of social anxiety 

disorder, and their interaction as predictors. A final mixed effects model was fit to test the 

association between BAP symptoms and eye contact. This model included group, condition, 

BAP symptoms, the interactions between BAP symptoms and group and condition, as well 

as race and education level. For all models, condition (initial/final) was specified as a 

random effect, nested within participant. All models were estimated with a compound 

symmetry covariance structure, which was selected through examination of the AICC fit 

estimates and examination of the correlation matrices to confirm model assumptions. 

Cohen’s f 2 local effect sizes were computed as described in Selya, Rose, Dierker, Hedeker, 

& Mermelstein (2012). Cohen’s f 2 estimates the effect size of a single predictor within the 
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context of a multivariate model, with values of 0.02, 0.15, and 0.35 generally indicative of 

small, medium, and large effects, respectively (Cohen, 1998). Finally, to test the potential 

influence of the six women who un-blinded themselves during the interview, each model 

was repeated with these participants omitted; inference across all solutions was identical and 

therefore these participants were retained in the final analysis.

Results

Descriptive Statistics—Descriptive statistics for each of the continuous predictor and 

outcome variables are presented in Table 2. To describe the proportion of women who 

exhibited clearly atypical gaze behavior, the percent of women who were assigned a “5” on 

the eye contact rating scale (marking atypical eye contact that was strikingly reduced or rare) 

was computed. Scores of “5” were assigned to 39% of the FMR1 premutation in the initial 

observation phase and to 18% in the final observation phase (in contrast to 11% in the initial 

observation and 4% in final observation for the controls). Eye contact scores of “1” 

(reflecting appropriate eye contact) were assigned to 26% (initial observation) and 37% 

(final observation) of the FMR1 premutation sample, and to 37% (initial observation) and 

63% (final observation) of the control women. The groups did not differ significantly on the 

LSAS-SR (t [56.9] = 1.57, p = 0.121) or the BAP-Q (t [56.36] = 1.04, p = 0.301), although 

the women with the FMR1 premutation obtained higher mean scores on both measures. 

Seven women (20%) with the FMR1 premutation met diagnostic criteria for social anxiety 

disorder. The mean eye contact scores for the women with the FMR1 premutation who were 

positive for social anxiety disorder were M = 3.57, SD = 1.81 for initial and M = 2.57, SD = 

0.79 for final ratings. The average scores of the women with the FMR1 premutation who 

were negative for social anxiety disorder were M = 3.22, SD = 1.69 for initial and M = 2.78, 

SD = 1.63 for final ratings.

Eye Contact across Groups and Initial and Final Observation Phases—The 

mixed model indicated a significant main effect of group (t [54] = −2.78, p = 0.008, 95% CI 

[−1.83, −0.30], f 2 = 0.06) and condition (t [63] = 3.09, p = 0.003, 95% CI [0.20, 0.91], f 2 = 

0.16), with a non-significant group-by-condition interaction (t [63] = 0.54, p = 0.588, 95% 

CI [−0.40, 0.71], f 2 < 0.01). Thus, women with the FMR1 premutation were rated as having 

poorer eye contact than control women across both the beginning and end of the interview. A 

warm-up effect was observed in both groups where eye contact was poorer during the initial 

three minutes of conversation compared to the final three minutes; see Fig. 1.

Relationships with Social Anxiety Symptoms and Diagnoses—First, a mixed 

model tested the relationship between social anxiety symptoms and eye contact across the 

groups. The effect of social anxiety symptoms on eye contact was not significant (t [46] = 

1.11, p = 0.274, 95% CI [−0.07, 0.26], f 2 = 0.01). The interactions between social anxiety 

symptoms and group (t [46] = −0.82, p = 0.415, 95% CI [−0.26, 0.11], f 2 < 0.01), and social 

anxiety symptoms and condition (t [57] = −0.04, p = 0.966, 95% CI [−0.07, 0.7], f 2 < 0.01) 

were also not significant.

A second mixed model tested the impact of current social anxiety disorder on eye contact 

within the FMR1 premutation group. The presence of social anxiety disorder did not have a 
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significant effect on eye contact (t [32] = 0.53, p = 0.603, 95% CI [−1.00, 1.70], f 2 = 0.02) 

and the interaction between social anxiety disorder and condition was also non-significant (t 
[32] = −1.17, p = 0.251, 95% CI [−1.52, 0.41], f 2 = 0.02).

Relationships with Broad Autism Phenotype Traits—The presence of BAP features 

did not account for significant variation in eye contact (t [47] = 0.35, p = 0.729, 95% CI 

[−1.34, 1.90], f 2 < 0.01). The interactions between BAP symptoms and group (t [47] = 

−0.38, p = 0.708, 95% CI [−2.08, 1.42], f 2 < 0.01), and BAP symptoms and condition (t 
[58] = 0.22, p = 0.827, 95% CI [−0.52, 0.64], f 2 < 0.01) were also not significant.

Discussion

This is the first study to quantify atypical eye contact in women with the FMR1 premutation 

during a conversational interaction. Contrary to hypotheses, reduced eye contact was not 

linked with either symptoms or clinical diagnoses of social anxiety, or with features of the 

BAP. This study informs the complex and varied clinical presentation of the FMR1 
premutation, particularly in regard to key nonverbal social communication patterns and the 

disassociation of component features of the FMR1 premutation phenotype that may 

otherwise appear to be related and may map to disparate brain regions or biological 

pathways.

Through detailed, blinded evaluations of eye contact exhibited during a conversational 

interview, this study provides evidence that eye contact is reduced in women with the FMR1 
premutation during social conversation with an unfamiliar examiner. Although the eye 

contact of the women with the FMR1 premutation improved by the end of the interaction, it 

did not normalize to the level of the control women. Thus, poor eye contact was sustained 

and cannot be attributed to initial shyness or wariness. The finding of atypical eye contact is 

consistent with imaging studies of the FMR1 premutation showing atypical activation 

patterns in the amygdala and superior temporal sulcus, which are areas involved in the 

perception and use of eye gaze (Hessl et al., 2007; Hessl et al., 2011; Itier & Batty, 2009). In 

men with the FMR1 premutation, reduced amygdala activation is associated with reduced 

expression of Fragile X Mental Retardation Protein (FMRP), the protein encoded by the 

FMR1 gene (Hessl et al., 2011). FMRP is mildly reduced in the FMR1 premutation and is 

thought to underlie certain aspects of aberrant brain function and behavior. Follow-up 

studies incorporating FMR1 molecular genetic measures in the study of eye gaze behavior 

may shed light on gene-brain-behavior relationships.

Contrary to our hypotheses, social anxiety was not associated with poor eye contact in the 

FMR1 premutation. This finding is inconsistent with some prior research suggesting a link 

between social anxiety and reduced eye contact in other groups, although methodological 

differences may explain divergent findings. For example, Farabee et al. (1993) also directly 

coded the eye contact of socially anxious individuals, but used a persuasive argument 

context where participants presented a controversial topic to an agreeing or disagreeing 

confederate. Eye contact was only reduced with the disagreeing confederate, suggesting that 

the impact of social anxiety on eye contact is most robust when the communication context 

is threatening. The life history conversational sample used in this study was intentionally 
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designed to elicit conversation around neutral, easily discussed topics, so as to obtain a 

naturalistic sample that mimics real-life conversations. Social anxiety may have been more 

closely tied to eye contact in our sample with the FMR1 premutation had we used a more 

threatening sampling context. Notably, despite our use of a neutral communication context, 

eye contact was nonetheless reduced in the FMR1 premutation compared to controls. This 

suggests that eye contact is reduced in the FMR1 premutation even in communication 

contexts that are intended to be non-threatening, and that factors other than social anxiety 

likely underlie poor eye contact in the FMR1 premutation.

This study also examined an alternative hypothesis: that reduced eye contact in the FMR1 
premutation presents as a consequence of elevated BAP features. Using a rating scale that 

has been shown to be sensitive to the BAP in family studies of autism spectrum disorder, we 

indexed BAP features in the FMR1 premutation and found no association with poor eye 

contact. In another study including an overlapping sample, Klusek et al. (2017) also 

documented an unexpected decoupling between pragmatic language deficits (a primary 

feature of the BAP) and attention to eye gaze indexed via an experimental eye tracking 

paradigm. Taken together, these studies demonstrate that atypical use of eye gaze in the 

FMR1 premutation is not associated with the BAP, as suggested by evidence gathered across 

a combination of experimental, direct-observation, and informant- and self-report measures.

Why, then, did the women with the FMR1 premutation show reduced eye contact? One 

possibility is that poor eye contact stems from executive deficits that are seen in a subset of 

women with the FMR1 premutation. Eye gaze represents a rich source of information that 

requires cognitive resources to monitor; some evidence suggests that gaze aversion can be 

used as a strategy to “free up” cognitive resources needed for task performance when the 

cognitive system is taxed (Doherty-Sneddon et al., 2002; Doherty-Sneddon & Phelps, 2005; 

Glenberg, 1997). Another possibility is that physiological arousal dysregulation underlies 

poor eye contact in the FMR1 premutation, given new evidence of aberrant neuroendocrine 

and autonomic stress regulation patterns in women with the FMR1 premutation (Klusek et 

al., 2017; Seltzer, Barker, et al., 2012). Direct gaze is associated with increased arousal 

response in other groups (Akechi et al., 2013; Hessl, Glaser, Dyer-Friedman, & Reiss, 2006; 

Nichols & Champness, 1971) and it is possible that gaze avoidance in the FMR1 
premutation represents a coping mechanism to avoid negative arousal excitation. Follow-up 

studies are needed to achieve a better understanding of the mechanisms underlying atypical 

social gaze in the FMR1 premutation.

Aberrant use of eye contact could contribute to the social-cognitive phenotype of the FMR1 
premutation. A number of studies have shown that the perception of eye contact facilitates 

cognitive and attentional processing that support social engagement. For example, adults 

performing visual search tasks show more efficient detection of faces and eyes when the 

targets display direct gaze (Conty, Tijus, Hugueville, Coelho, & George, 2006; Senju & 

Hasegawa, 2005; Senju, Hasegawa, & Tojo, 2005). Eye contact also enhances the retrieval of 

social-cognitive knowledge, such as the discrimination of emotional, facial, speech, and 

gender information (Adams & Kleck, 2003, 2005; Farroni et al., 2007; Guellai & Streri, 

2011; Hood, Macrae, Cole‐Davies, & Dias, 2003; Macrae, Hood, Milne, Rowe, & Mason, 

2002; Milders, Hietanen, Leppänen, & Braun, 2011). Women with the FMR1 premutation 
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who spend less time participating in mutual gaze may miss out on some of these processing 

benefits. Follow-up studies are needed to delineate causal relationships between atypical eye 

contact and other social phenotypes of the FMR1 premutation, which may have implications 

for targeted intervention. Another critical next step of this work is to delineate the temporal 

emergence of eye gaze phenotypes in young children with the FMR1 premutation. It is 

unclear whether atypical eye contact in the FMR1 premutation reflects a 

neurodevelopmental feature present in early childhood, or perhaps atypical eye gaze is a 

later-emerging trait indicative of preclinical FXTAS. Better understanding of the 

developmental emergence of atypical eye gaze in women with the FMR1 premutation can 

inform the assessment and monitoring of FXTAS-related neurodegeneration, as well as the 

early identification and intervention for children who may be most at risk for poor social 

outcomes.

This study has a number of strengths, which include blinded, highly reliable direct-

observation of eye contact from a semi-naturalistic communicative interaction. Our 

examination of both social anxiety symptoms as well as DSM-based clinical diagnoses in 

relation to eye gaze is also a strength, and our detected rate of social anxiety disorder in 

women with the FMR1 premutation was consistent with previous studies (e.g., Bourgeois et 

al., 2011; Franke et al., 1998; Roberts et al., 2016). Study limitations include the relative 

lack of racial diversity, which may limit generalization of findings. Although the life history 

conversational interview was designed to mimic naturalistic conversation, it should be noted 

that eye contact was observed during interaction with an examiner as part of a research 

protocol and results may not generalize to other communication partners or contexts. 

Additionally, while the coders who evaluated eye contact from the videotaped conversational 

samples were blind to group membership, it was not possible for the examiners to remain 

blind given the length of the research protocol. It should also be noted that the correlational 

study design limits our ability to determine causal directions. Although this study provides 

novel evidence of aberrant eye gaze in the FMR1 premutation, we were did not detect 

associations between atypical eye gaze and two hypothesized correlates: social anxiety and 

the broad autism phenotype. Thus, we were unable to identify mechanisms potentially 

driving atypical social gaze in the FMR1 premutation. Follow-up studies are needed to gain 

a better understanding of the underpinnings of this atypical social behavior.

Conclusion

In conclusion, this study provides novel insight into the FMR1 premutation phenotype, as it 

is the first to empirically examine eye contact quality in women with the FMR1 premutation 

compared to control women. We documented reduced eye contact in women with the FMR1 
premutation compared to control women, which was not associated with BAP or social 

anxiety phenotypes. This study builds on prior clinical descriptions to empirically confirm 

reduced eye contact as a phenotypic feature of the FMR1 premutation. Findings add to a 

growing knowledge base concerning the social phenotype of the FMR1 premutation, which 

has substantial implications for public health given the high prevalence of this genetic 

condition in women and its association with risk across a variety of neuropsychological 

domains.
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Figure 1. Eye contact across groups and initial and final observation points
Note. A higher score denotes poorer eye contact. Eye contact was reduced in the FMR1 

premutation relative to controls in both conditions. Both groups showed improved eye 

contact in the final minutes of the conversation relative to the initial minutes.
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Table 1.

Group characteristics

Characteristic

Group

FMR1 Premutation
(n=38)

Control
(n=27)

Test of Group Differences
(p–value)

Age (years)

 M (SD) 43.38 (7.92) 40.85 (8.27)
0.217

 Range 25.53–55.32 28.72–64.02

IQ
1

 M (SD) 105.23 (13.38) 104.62 (11.48)
0.865

 Range 81.00–130.00 83.00–135.00

Highest Education Level (%)

 Some high school 2 --

 High school graduate/GED 16 4

 Some college/technical school 24 15

 Associates/technical degree 5 11
0.319

 Bachelor’s degree 21 29

 Some graduate work 8 4

 Master’s degree 21 22

 Professional/advanced degree 3 15

Race (%)

 African American 2.78 14.81
0.156

 Caucasian 94.44 85.19

 Other 2.78 --

Note.

1
Measured with the IQ Composite of the Kaufman Brief Intelligence Test-2 (Kaufman & Kaufman, 2004).
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Table 2.

Descriptive statistics

Group

Variable FMR1 premutation
(n=38)

Control
(n=27)

M (SD), range M (SD), range

Initial Eye Contact Score 3.21 (1.71), 1.00–5.00 2.40 (1.45), 1.00–5.00

Final Eye Contact Score 2.66 (1.53), 1.00–5.00 1.70 (1.14), 1.00–5.00

Liebowitz Social Anxiety Scale-Self Report Total Score (untransformed) 39.48 (27.30), 2.00–115.00 29.62 (20.90), 0–82.00

Liebowitz Social Anxiety Scale-Self Report Total Score (transformed) 10.02 (4.25), 1.46–19.54 8.34 (4.00), 0–16.22

Broad Autism Phenotype Questionnaire- Total Score 2.59 (0.58), 1.56–4.08 2.47 (0.37), 1.82–3.28
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