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Abstract
The fragile X disorder spectrum, due to a CGG expansion in FMR1, includes fragile X syndrome
(>200 repeats) and the premutation-associated disorders of ovarian insufficiency and tremor/ataxia
syndrome (~55–199 repeats). Altered neurobehavioral profiles including variation of phenotypes
associated with mood and anxiety may be expected among younger premutation carriers given this
spectrum of disorders. However, previous studies have produced conflicting findings, providing
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the motivation to examine these phenotypes further. We investigated measures of mood and
anxiety in 119 males and 446 females age 18–50 ascertained from families with a history of
fragile X syndrome and from the general population. Scores were analyzed using a linear model
with repeat length as the main predictor, adjusting for potential confounders. Repeat length was
not associated with anxiety, but was marginally associated with depression and negative affect in
males and negative affect only in females. These results suggest that premutation carriers may be
at risk for emotional morbidity; however, phenotypic differences were subtle and of small effect
size.
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Introduction
Fragile X mental retardation 1 gene (FMR1) is located near the end of the long arm of the X
chromosome and contains a highly polymorphic CGG repeat in the 5′ UTR of exon 1. The
most common alleles for FMR1 contain fewer than 40 repeats (Snow et al. 1993). In rare
cases, the repeat can become unstable and expand. If the repeat number exceeds 200, termed
full mutation, the gene becomes hypermethylated and no gene product, FMRP, is made due
to transcriptional silencing (Sutcliffe et al. 1992). This loss of FMRP is responsible for
fragile X syndrome (FXS), the most common identified form of heritable mental retardation
(Pieretti et al. 1991). FXS has a prevalence of roughly 1 in 4,000 for males and 1 in 8,000
for females (Crawford et al. 2001). The clinical presentation of males with FXS is variable,
but the most common phenotypes include mild to severe mental retardation, developmental
delay, hyperactivity, social anxiety and other anxiety disorders, and autistic-like features. As
a group, females are more mildly affected due to X-inactivation (Reiss and Dant 2003).

Intermediate alleles, about 45–54 repeats, may or may not be stable during transmission
from parent to child and do not expand to a full mutation in one generation. Premutation
alleles are defined as unmethylated alleles with repeat numbers in the range of 55–199 that
are unstable during transmission and can lead to a full mutation in one to three generations
(Maddalena et al. 2001). The smallest repeat to expand to a full mutation in one generation
is 59 repeats (Nolin et al. 2003). About 1 in 250 females and 1 in 800 males carry one of
these high repeat alleles (Crawford et al. 2001). Premutation alleles remain unmethylated,
therefore FMR1 is transcriptionally active and produces FMRP. FMR1 mRNA levels
linearly increase across the premutation range due higher rates of transcription as a results of
a mechanism that is presently not understood (Tassone et al. 2000a, b; Kenneson et al. 2001;
Tassone and Hagerman 2003; Allen et al. 2004; Garcia-Alegria et al. 2007). However, a
negative association has been found between FMRP and repeat size in premutation carriers
due to a decreased translation efficiency of the mRNA as the repeat size increases (Feng et
al. 1995; Tassone et al. 2000b; Kenneson et al. 2001; Primerano et al. 2002; Tassone and
Hagerman 2003).

Two phenotypes are associated with these premutation alleles. Males with the premutation
who are over the age of 50 are at risk for a neurodegenerative tremor/ataxia syndrome
(FXTAS). This disorder is very rare in females who carry the premutation allele. However,
female carriers of the premutation are at an increased risk of primary ovarian insufficiency
(FXPOI) (Sherman 2000; Abrams 2007; Welt 2007). FXTAS and FXPOI have not been
found to be associated with the full mutation, thus they are not associated with a lack of the
FMR1 protein product. For FXTAS, converging evidence indicates that the phenotype is a
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result of the toxic effect of the expanded repeat length in the FMR1 mRNA (Hagerman and
Hagerman 2004).

Numerous studies have investigated neuropsychological phenotypes among premutation
allele carriers. Conflicting results have been reported and a definitive profile fails to emerge
(for review, see Hunter et al. submission). Most of these studies were conducted prior to the
identification of FXTAS, have primarily utilized small samples with varying ascertainment
methods and phenotype measurement modalities, lack proper controls, and concentrate
solely on female premutation carriers. The use of female study populations makes
interpretation of the results difficult due to the X-linked nature of FMR1.

Several studies have concluded that the premutation among females lacks a detectable
neuropsychological phenotype (e.g., (Reiss et al. 1993; Thompson et al. 1994; Bennetto et
al. 2001)). Other studies, some with both males and females participants, have concluded
that premutation allele carriers manifest milder forms of clinical features seen in FXS,
including learning disabilities, cognitive deficits, developmental delay, and attention
deficits, as well as physical features such as prominent ears and flexible finger joints (e.g.,
(Hull and Hagerman 1993; Cornish et al. 2005)). One study suggested that premutation
allele carriers may to be at a higher risk of autism spectrum disorders (Aziz et al. 2003),
although this has not been confirmed.

An increased risk of anxiety and mood disorders among premutation allele carriers has not
been established. Some studies have reported a lack of phenotype (e.g., (Reiss et al. 1993;
Sobesky et al. 1996)), while others have reported repeat length associations with psychiatric
symptoms (e.g., (Franke et al. 1998; Johnston et al. 2001)). More recently, Hessl et al.
(2005) found that FMR1 transcript level, but not repeat length or FMRP levels, was
significantly associated with increased severity of psychiatric symptoms in males,
independent of FXTAS status.

In 2005 we published a study examining cognition among 66 men and 217 women with
varying FMR1 repeat lengths (Allen et al. 2005). We reported that women who were carriers
of premutation alleles had significantly lower verbal IQ scores compared to non-carriers.
Here, we examine phenotypes associated with mood and anxiety among carriers of fragile X
premutation alleles in the largest study population to date consisting of 119 men and 446
women. All study participants were between the ages of 18 and 50 at the time of testing.
Thus, any phenotypes detected here would most likely not be due to the presence of FXTAS,
but would potentially indicate a more global impairment among premutation carriers in
general.

Methods
Study population

A large sample of study participants were recruited from the general population and from
families with a history of FXS. The study population was the result of a 78% participation
rate and included males and females with repeat sizes ranging from 20 to 180. Participants
from the general population were recruited from Atlanta area hospitals, churches,
universities, technical schools, corporations, sports events, and health fairs. Recruitment
from families with a known history of FXS was pursued to enrich the sample population
with carriers of expanded alleles. FXS families were identified through clinics, internet
postings, FXS parent groups, and word of mouth. Participation was limited to those aged
18–50 years whose primary language was English. The majority of participants were
unrelated, while some were ascertained from the same pedigree. In the female sample, there
were 47, 14, 8, 3, and 2 families with 2, 3, 4, 6, and 7 female participants, respectively. In
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the male sample, there are 11, 1, 1, and 1 families with 2, 3, 4, and 5 participants,
respectively. The remaining were singletons. Thus, overall 446 women were ascertained
from 320 families and 119 men from 99 families. The protocols and consent forms for
ascertainment were approved by the Institutional Review Board at Emory University. For
more information on study population ascertainment, see Allen et al. (2005).

In an effort to create roughly equal sized groups for analysis, particularly for males, we used
the following allele group definitions: intermediate allele = 41–60 repeats and premutation
allele = 61–199 repeats. Although these differ slightly from those proposed for a clinical
application (i.e., those based on risk for instability) (Sherman et al. 2005), they are similar to
previous studies used to examine FMR1 mRNA levels (Allen et al. 2004; Garcia-Alegria et
al. 2007). At this point in time, there is no biological underpinning for any of these
definitions, particularly with respect to risk for neuropsychological or neurobehavioral
phenotypes. Thus, we used those outlined above to better balance sample sizes.

Data collection
Each study participant was asked to complete a medical history questionnaire and a
neuropsychological test battery that included the Wechsler Adult Intelligence Scale 3rd
Edition (WAIS-III) to determine IQ scores as well as several widely-used self-report
inventories of mood and anxiety described below. Test administrators were blind to the
subject's FMR1 genotype as well as family history of FXS. For molecular analysis to
determine CGG repeat size of FMR1, participants were asked to provide a blood or buccal
brush sample.

Measurement of IQ and phenotypes associated with mood and anxiety
Symptoms of depression were measured with The Center for Epidemiologic Studies
Depression Scale (CES-D) (Radloff 1977). The CES-D consists of 20 items rated on a four-
point scale, indicating how frequently each symptom was experienced in the past week (0 =
rarely or none of the time, 1 = some or a little of the time, 2 = occasionally or a moderate
amount of time, and 3 = all of the time). Total scores can range from 0 to 60, with higher
scores indicating higher levels of emotional distress associated with depression. Scores of 16
or more suggest clinically significant depression. The CES-D has high internal consistency,
with a value of about 0.85 for the general population and about 0.91 for a patient sample.
The test–retest reliability is moderate with a value of about 0.58. CES-D scores were
obtained for all participants.

The State-Trait Anxiety Inventory (STAI) is a two-part inventory used to measure levels of
current anxiety (state anxiety) and general anxiety susceptibility (trait anxiety) (Spielberger
1983). Each subscale consists of 20 items, each rated on a four-point scale. The state anxiety
subscale measures the severity of current anxiety symptoms (1 = not at all, 2 = somewhat, 3
= moderately so, and 4 = very much so). The trait anxiety subscale measures the frequency
of anxiety symptoms experienced in general (1 = almost never, 2 = sometimes, 3 = often,
and 4 = almost always). STAI state and trait anxiety scores range from 20 to 80, with higher
scores indicating higher levels of anxiety. The STAI has good internal consistency, ranging
from 0.86 to 0.96. Test–retest reliability is highly dependent on the subject population and
can range from 0.65 to 0.86 for the trait anxiety subscale and 0.16–0.62 for the state anxiety
subscale. This inventory was added to the test battery after the initiation of study participant
recruitment, thus state anxiety and trait anxiety scores for 54 male and 174 female
participants were not obtained.

The Social Phobia and Anxiety Inventory (SPAI) is a two-part inventory used to measure
symptoms of social phobia in various social situations (Turner and Beidel 1996). The social
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phobia subscale consists of 32 items rated on a seven-point scale indicating how frequently
symptoms of social phobia are experienced in various social situations (0 = never to 6 =
always). The agoraphobia subscale consists of 13 items rated on the same seven-point scale.
By subtracting the social phobia and agoraphobia subscores, this test is capable of
distinguishing pure social phobia from social distress due to panic disorder with
agoraphobia. Higher subscale scores and “difference” scores reflect higher levels of anxiety.
An agoraphobia subscale score of 39 or above is indicative of possible panic disorder, while
a “difference” score of 80 or above is indicative of probable social phobia. The SPAI has
high internal consistencies with a value of 0.96 for the social phobia subscale and 0.85 for
the agoraphobia subscale. Test–retest reliability ranges from 0.74 to 0.86, depending on the
subscale. SPAI scores for two female participants were incomplete and thus unavailable for
analysis.

General and specific emotional states were measured with The Positive and Negative Affect
Schedule (PANAS), a 60-item scale (Watson and Clark 1994). Two broad affective states,
negative and positive, are each measured by 10 items, all on a five-point scale indicating the
extent to which each emotion was felt in the past year (1 = very slightly or not at all, 2 = a
little, 3 = moderately, 4 = quite a bit, and 5 = extremely). Using the same five-point scale,
the remaining 40 items are used to measure 11 specific affective states: fear, sadness, guilt,
hostility, shyness, fatigue, surprise, joviality, self-assurance, attentiveness, and serenity. The
PANAS has internal consistencies ranging from 0.72 to 0.94, depending on the subscale and
study population. Test–retest reliabilities range from 0.51 to 0.68. The PANAS
questionnaire was incomplete for one male subject, and thus his subscale scores were not
available.

Lastly, each subject's full-scale IQ was measured as part of the neuropsychological test
battery using the Wechsler Adult Intelligence Scale 3rd Edition (WAIS-III) (Wechsler
1997).

Laboratory methods
FMR1 CGG repeat number—Each study participant was asked to provide a blood or
buccal brush sample for molecular analysis. For more information on molecular analysis,
see Allen et al. (2005). Briefly, DNA was extracted from samples with the Qiagen QiAmp
DNA Blood Mini Kit. A fluorescent-sequencer method using an ABI Prism 377 DNA
sequencer was used to determine FMR1 CGG repeat length (Meadows et al. 1996). When
no repeat length band for males or only one band for females was present, an alternative
PCR-based, hybridization technique was used to identify larger premutation or full mutation
alleles (Brown et al. 1993). For heterozygous females, CGG repeat length from the larger
repeat allele was used in subsequent statistical analyses.

Statistical analysis
Descriptive statistics for the study population are shown in Table 1, with male and female
data shown separately. The demographic variables included age at the time of testing
(continuous variable), ethnicity (dichotomous variable: 0 = Caucasians and Asians, 1 = other
ethnicities), education level reached at the time of testing (dichotomous variable: 0 = high
school completed or less, 1 = some college completed or more), household income level at
time of testing (dichotomous variable: 0 = less than $50,000, 1 = $50,000 or more), full-
scale IQ (continuous variable), method of ascertainment (dichotomous variable: 0 =
recruited from families with a known history of FXS, 1 = recruited from the general
population), and anxiety or depression medication use at the time of testing (dichotomous
variable: 0 = not taking anxiety/depression medications, 1 = taking anxiety/depression
medications). Analysis of variance was used to test for repeat length group differences for
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continuous demographic variables while chi square tests were used for dichotomous
demographic variables. Significant differences between repeat length groups were noted for
race and ascertainment source among male participants and for these same two variables
plus age at testing, level of household income, and the use of anxiety and/or depression
medication at the time of testing for female participants (Table 1). Thus, all models for
emotional outcomes were adjusted for age, income, medication use, race, and ascertainment
source.

For each test analyzed, males and females were modeled separately due to the X-linked
nature of FMR1. The distributions of scores for each measure were tested for normality.
Scores were transformed, if necessary, to produce a normal distribution for further analysis.
A natural logarithm transformation was needed for the STAI state and trait anxiety and for
the PANAS general negative affect scores. A square root transformation was required for
the CES-D and the SPAI social phobia and agoraphobia scores.

Scores were analyzed using general linear regression equations modeled for correlated
outcomes. This approach was used to adjust for correlated data that may have occurred
among relatives from the same family due to shared environmental or genetic factors. In
addition, this approach is robust to the varying family cluster sizes among our sample
population. Length of the FMR1 repeat was used as the main predictor of mood and anxiety
scores and was classified in two ways. First, repeat length was used as a continuous variable.
Second, subjects were divided into three groups based on their repeat length: non-carriers
(40 repeats or less), intermediate allele carriers (41–60 repeats) and premutation allele
carriers (61–199 repeats). In this analysis, repeat length classes were used as the predictor
with the non-carrier group as the reference group. A Tukey's post hoc analysis was
performed to identify differences in adjusted mean scores among repeat length groups. All
interaction terms that consisted of a covariate and repeat length, either as a continuous or as
a class variable, were tested for each model.

The psychosocial stress of raising a child with FXS could contribute to any emotional
morbidity detected in our analyses. This possibility was addressed in two ways. First, the
analyses were repeated including adjustment for having a FXS child. Second, premutation
carriers were divided into two groups: those with a FXS child and those without a FXS
child. Analysis of covariance (ANCOVA) was used to test for mean score differences
between the two groups.

Although many statistical tests were performed, adjustment for multiple testing was not
straightforward due to the correlation among the eight mood and anxiety outcome scores.
Further, scores were tested in two consecutive models, one with repeat length as a
continuous variable and one with repeat length as a categorical variable, so these tests
cannot be considered independent due to the correlation between these two repeat length
variables. Thus, we present the results using a significance level of P<0.05, but provide all
P-values, and discuss the results in this context. Further discussion of the influence of
multiple testing on interpretation of results is provided in Section “Discussion”. In addition,
we calculated the effect size for each significant mean score difference between repeat
length groups using Cohen's d score (Cohen 1992). According to Cohen, values of 0.2, 0.5,
and 0.8 indicate small, medium, and large effect sizes, respectively (Cohen 1992). All
statistical analyses were performed using the PROC MIXED procedure on the SAS System
for Windows, Release 8.2.
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Results
For males, positive associations were detected between repeat length and depression scores
(CES-D, P = 0.03; Table 2) and general negative affect scores of the PANAS (P = 0.04,
Table 2). No associations were observed for repeat length and state anxiety, trait anxiety,
positive affect, social phobia, or agoraphobia scores (Table 2). Using repeat length group as
a predictor, no mean score differences among repeat length groups were seen for any
outcome measure (Table 3). For all models, all interaction terms for the repeat length were
tested to analyze any modifier effects of the confounders. No interaction terms were
significant for any model for any confounder, including age.

For females, a positive association was seen between repeat length and general negative
affect scores (P = 0.04; Table 2), similar to the results among males. This association was
also indicated when repeat length group was used as a predictor variable: premutation
carriers scored higher than non-carriers although the effect size was small (Cohen's d = 0.36,
P = 0.02; Table 3). However, unlike males, there was no association observed with
depression scores. No associations were observed for state anxiety, trait anxiety, positive
affect, social phobia, or agoraphobia scores (Table 2) nor were there any group mean
differences (Table 3).

The PANAS also provides subscores for specific emotions. In order to follow up on the
association of repeat length and general negative affect among males and females, the
subscores were analyzed for all of the specific negative emotions tested by the PANAS: fear,
sadness, guilt, and hostility. Results of this analysis are shown in Tables 4 and 5. Among
males, positive linear associations were detected with sadness (P = 0.03) and guilt (P =
0.01), but not fear or hostility. In addition, the premutation group had a higher mean score
for guilt compared to the non-carrier group, with a medium effect size (Cohen's d = 0.78, P
= 0.03). Among females, linear associations with repeat size were not detected for any of the
four specific emotion scores. However, the premutation group did have higher mean scores
for fear (Cohen's d = 0.30, P = 0.05) and hostility (Cohen's d = 0.28, P = 0.05) compared to
the non-carrier group, though with small effect sizes.

To investigate the clinical implications of scores, diagnostic rates provided by the relevant
measures were analyzed. The CES-D measure provides a cutoff value for the diagnosis of
probable depression, while the SPAI provides cutoff values for probable social phobia and
probable panic disorder. Although the means did not exceed the diagnostic cutoff for any of
the repeat length groups, the distribution of the frequency of participants who scored above
this cutoff score was examined (Table 6). For probable depression, the rates differed by
group for males (Fisher's Exact test: P = 0.0093), but not females. For probable social
phobia, the frequency of those exceeding the cutoff increased with increasing repeat length
group for females (Fisher's Exact test: P = 0.0004). Finally, for probable panic disorder,
premutation males had higher rates compared to non-carriers (Fisher's Exact test: P =
0.0095).

Any phenotypes detected in this study could potentially be due to the psychosocial impact of
raising a child with FXS. ANCOVA and linear regression analysis were performed with
adjustment for raising a child with FXS in addition to other significant covariates. This
adjustment had no effect on the statistical outcomes. Carriers of the premutation were then
divided into two groups (those with and those without a child with FXS) and mean scores
between the two groups were compared using ANCOVA. No score differences were
detected for any mood or anxiety test.
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Discussion
The purpose of this study was to examine phenotypes associated with mood and anxiety that
may be associated with CGG repeat size or allele class status of the FMR1 gene among
younger adults, those who are at low risk for the clinical expression of FXTAS. Two
primary strengths of this study were the relatively large sample size compared with other
published studies and the ascertainment strategy that did not involve the fragile X-associated
spectrum disorders. Specifically, we identified premutation carriers through families with a
known diagnosis of a child with FXS, not because of their own symptoms, and we excluded
subjects over the age of 50 in order to avoid the inclusion of premutation carriers with
FXTAS. However, we must acknowledge that an ascertainment bias probably exists for any
study of mood and anxiety phenotypes, since those who agree to participate in a research
study may be less likely to have clinical mood and anxiety problems than those who do not.
This would be true for both non-carriers and carriers of the premutation.

Our analyses did not detect any repeat length associations with social phobia, agoraphobia,
or state or trait anxiety. However, we identified a subtle association between FMR1 CGG
repeat size and emotional phenotypes in males and females. Specifically, repeat length had a
linear association with negative affect in males and females and with depression in males
only (Tables 2 and 3). Though negative affect and depression represent two different factors,
they are related. Increased negative affect is highly associated with depression along with
decreased positive affect. However, no repeat length associations with positive affect were
detected. In addition, negative affect is highly associated with anxiety, but no repeat length
associations were detected in males or females with regard to anxiety. Other factors, such as
age, race, and medication use, also contributed to the variation in emotional phenotype in
our study, although we adjusted for these variables when examining the repeat length
effects.

In a follow-up analysis of negative emotions from the PANAS, premutation males reported
increased feelings of guilt and sadness compared to non-carriers while premutation females
were at an increased risk of feeling fear and hostility (Tables 4 and 5). These contradictory
results makes interpretation difficult, as one might expect the profile of negative emotions to
be the same between males and females if it were related to the premutation effect. Further,
an increased score for guilt could be expected among premutation females due to their risk
of passing on an expanded allele which results in having a child with FXS. Therefore, the
significant association between guilt scores and repeat length among males and not females
is contrary to expectation.

These results support those of other recent studies that have reported emotional morbidity
among premutation carriers (Dorn et al. 1994; Franke et al. 1998; Johnston et al. 2001; Hessl
et al. 2005). Though the differences detected here are statistically significant at P<0.05, they
are subtle and might not indicate a susceptibility to a clinical disorder. Indeed, all mean
scores differences between female repeat length groups were of small effect size while the
mean score difference noted among male repeat length groups was of medium effect size
(Cohen 1992). Further, it is important to note that the mean scores for the premutation group
were not within the diagnostic range for probable depression, probable social phobia, and
panic disorder. However, males and females with the premutation did show higher rates of
panic disorder and social phobia, respectively, and males with the premutation also showed
higher rates of probable depression (Table 6).

In reporting results above, we used a significance level of 0.05 based on an unadjusted P-
value, which is most likely too liberal due to multiple testing. However, the adjustment to
the P-value to accommodate multiple testing is not straightforward: (1) the mood and
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anxiety outcome variables are correlated among samples and (2) the two sets of analyses
defining FMR1 repeat length predictor in two ways (binary and continuous) are correlated.
In an attempt to examine the effect of these influences on the P-values, we used the
Cheverud–Nyholt estimate (Cheverud 2001; Nyholt 2004) to obtain an estimate of the
number of effective tests given the correlation among the eight outcome measures. We
found that the effective number of tests for the male and female samples would be 6.1 and
6.2, respectively. Using these results and applying the Bonferroni correction, significance at
the 0.05 level would be indicated if the test outcome had an associated P<0.0082 (0.05/6.1)
and P<0.0081 (0.05/6.2) for male and female analyses, respectively. With this adjustment,
none of the results presented here remain statistically significant. Further adjustment to
account for modeling each outcome measure twice, using repeat length as a continuous
variable and repeat length as a categorical variable, would only increase the number of
effective tests and lower the required P-value for statistical significance. Thus, all findings
reported are only marginally significant and must be confirmed in independent studies. This
and the small effect sizes, together, emphasize the subtlety of the phenotypic differences
observed in this study.

A strength of this study was the use of measurements that provide scores related to severity
of symptoms associated with psychiatric disorders, not just to the presence or absence of a
clinical disorder. However, our use of self-report questionnaires provides only a `snapshot'
of mental health at the time of testing, rather than a lifetime occurrence of a mental disorder.
This is an important point, as most disorders, including depression and anxiety, tend to be
episodic. In addition, self-report assumes the subjects retain insight into their mental health,
irrespective of their situation on the day of testing.

In an effort to control for any effect of the psychosocial stress involved in raising a child
with FXS, we performed additional analyses. We were not able to show that raising a child
with FXS accounted for any of the mood and anxiety phenotype differences that we
observed among women with and without the premutation. However, there are other factors
potentially related to carrying the premutation (e.g., being a carrier and not having children,
guilt of carrying a mutation, etc) that could influence mood and anxiety for which we could
not account in our analyses.

The effect of age on emotional morbidity cannot be ignored, especially in the context of
premutation carriers who are at risk for late onset FXTAS. Most often, clinical motor
symptoms of FXTAS have an onset around mid 50s–60 years of age (Jacquemont et al.
2004). However, signs of cognitive impairment may precede motor symptoms (Grigsby et
al. 2006). Our study population was limited to those ages 18–50 years. We suggest that the
subtle emotional phenotypes reported here are most likely not due to the psychosocial stress
of potentially having FXTAS. However, we cannot disregard the possibility that these
phenotypes may be precursors to FXTAS. We tested this possibility by including age as a
covariate in all analyses and did not detect any interaction between age and repeat length.
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Table 2

Results from the general linear model using FMR1 repeat length as the main predictor of neurobehavior
phenotypes

Gender Measure Subscale P estimates P value

Males CES-D Depression 0.2601 0.03

STAI State anxiety 0.0800 0.40

Trait anxiety 0.1292 0.30

PANAS Negative affect 0.1914 0.04

Positive affect −0.2360 0.08

SPAI Social phobia 0.0837 0.49

Agoraphobia 0.1462 0.22

“Pure” social phobia 0.0162 0.88

Females CES-D Depression 0.0323 0.45

STAI State anxiety −0.0333 0.72

Trait anxiety 0.1047 0.15

PANAS Negative affect 0.0883 0.04

Positive affect −0.0353 0.64

SPAI Social phobia −0.0319 0.64

Agoraphobia 0.0951 0.08

“Pure” social phobia −0.0034 0.96

CES-D = Centers for Epidemiologic Studies Depression Scale; STAI = State-Trait Anxiety Inventory; PANAS = Positive and Negative Affect
Schedule; SPAI = Social Phobia and Anxiety Inventory
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Table 3

Results from the general linear model results using indicator variables to compare FMR1 repeat length groups
as the main predictors of neurobehavior phenotypes

Gender Measure Subscale β estimates P value Adjusted group means

Males CES-D Depression NC: ref NC: ref NC: 2.55

IM: 0.20 IM: 0.11 IM: 3.17

PM: 0.25 PM: 0.08 PM: 3.36

STAI State anxiety NC: ref NC: ref NC: 3.4

IM: 0.07 IM: 0.72 IM: 3.5

PM: 0.03 PM: 0.76 PM: 3.4

Trait anxiety NC: ref NC: ref NC: 3.45

IM: −0.02 IM: 0.93 IM: 3.44

PM: 0.13 PM: 0.39 PM: 3.53

PANAS Negative affect NC: ref NC: ref NC: 2.87

IM: 0.07 IM: 0.55 IM: 2.92

PM: 0.17 PM: 0.19 PM: 3.01

Positive affect NC: ref NC: ref NC: 37.35

IM: −0.07 IM: 0.48 IM: 36.44

PM: −0.30 PM: 0.07 PM: 32.96

SPAI Social phobia NC: ref NC: ref NC: 6.99

IM: 0.10 IM: 0.31 IM: 7.57

PM: 0.09 PM: 0.45 PM: 7.53

Agoraphobia NC: ref NC: ref NC: 3.06

IM: 0.08 IM: 0.43 IM: 3.35

PM: 0.17 PM: 0.15 PM: 3.76

“Pure” social phobia NC: ref NC: ref NC: 6.09

IM: 0.13 IM: 0.86 IM: 6.79

PM: 0.02 PM: 0.24 PM: 6.21

Females CES-D Depression NC: ref NC: ref NC: 3.01

IM: 0.02 IM: 0.82 IM: 3.09

PM: 0.02 PM: 0.71 PM: 3.07

STAI State anxiety NC: ref NC: ref NC: 3.5

IM: −0.03 IM: 0.79 IM: 3.5

PM: −0.08 PM: 0.48 PM: 3.4

Trait anxiety NC: ref NC: ref NC: 3.53

IM: −0.03 IM: 0.71 IM: 3.51

PM: 0.11 PM: 0.27 PM: 3.59

PANAS Negative affect NC: ref NC: ref NC: 2.88 *

IM: 0.01 IM: 0.89 IM: 2.89

PM: 0.22 PM: 0.02 PM: 3.04 *

Positive affect NC: ref NC: ref NC: 35.74

IM: −0.04 IM: 0.53 IM: 35.11

Behav Genet. Author manuscript; available in PMC 2013 June 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hunter et al. Page 16

Gender Measure Subscale β estimates P value Adjusted group means

PM: −0.01 PM: 0.95 PM: 35.65

SPAI Social phobia NC: ref NC: ref NC: 7.65

IM: 0.07 IM: 0.19 IM: 8.10

PM: 0.01 PM: 0.94 PM: 7.68

Agoraphobia NC: ref NC: ref NC: 3.91

IM: 0.10 IM: 0.09 IM: 4.31

PM: −0.06 PM: 0.40 PM: 3.71

“Pure” social phobia NC: ref NC: ref NC: 6.35

IM: 0.05 IM: 0.34 IM: 6.71

PM: 0.02 PM: 0.75 PM: 6.48

ref = reference group; CES-D = Centers for Epidemiologic Studies Depression Scale; STAI = State-Trait Anxiety Inventory; PANAS = Positive
and Negative Affect Schedule; SPAI = Social Phobia and Anxiety Inventory; NC = non-carriers; IM = intermediate allele carriers; PM =
premutation allele carriers
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Table 4

Post hoc analysis to further explore negative emotion subscale scores from the Positive and Negative Affect
Schedule. Results are obtained from the general linear model results using FMR1 repeat length as the main
predictor

Gender Subscale β estimates P value

Males Fear 0.1468 0.23

Sadness 0.1981 0.03

Guilt 0.2901 0.01

Hostility 0.1286 0.28

Females Fear 0.0112 0.87

Sadness 0.0013 0.98

Guilt 0.0429 0.55

Hostility 0.0566 0.16
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Table 5

General linear model results using indicator variables to compare FMR1 repeat length groups as the main
predictors. Follow-up on specific negative emotion subscale scores from the Positive and Negative Affect
Schedule

Gender Subscale β estimates P value Adjusted group means

Males Fear NC: ref NC: ref NC: 10.62

IM: −0.04 IM: 0.18 IM: 10.24

PM: 0.18 PM: 0.66 PM: 12.35

Sadness NC: ref NC: ref NC: 8.96

IM: 0.12 IM: 0.33 IM: 10.16

PM: 0.22 PM: 0.08 PM: 11.29

Guilt NC: ref NC: ref
NC: 9.01

a,b

IM: 0.23 IM: 0.04
IM: 11.33

a

PM: 0.30 PM: 0.03
PM: 12.20

b

Hostility NC: ref NC: ref NC: 11.68

IM: −0.01 IM: 0.99 IM: 11.67

PM: 0.16 PM: 0.23 PM: 13.52

Females Fear NC: ref NC: ref
NC: 10.62

b

IM: −0.01 IM: 0.93
IM: 10.57

a

PM: 0.18 PM: 0.05
PM: 12.21

a,b

Sadness NC: ref NC: ref NC: 9.99

IM: 0.01 IM: 0.41 IM: 10.12

PM: 0.07 PM: 0.83 PM: 10.63

Guilt NC: ref NC: ref NC: 10.19

IM: −0.01 IM: 0.98 IM: 10.17

PM: 0.13 PM: 0.11 PM: 11.45

Hostility NC: ref NC: ref
NC: 11.28

b

IM: 0.02 IM: 0.70 IM: 11.53

PM: 0.16 PM: 0.05
PM: 12.85

b

NC = non-carriers; IM = intermediate allele carriers; PM = premutation allele carriers; ref = reference group

a,b
Group mean scores are different at the P = 0.05 level
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Table 6

Clinical diagnoses determined from the Center for Epidemiologic Studies Depression Scale (CES-D) and
social phobia and panic disorder scales of the Social Phobia and Anxiety Inventory (SPAI) by gender and
repeat length group

Gender Repeat Length Group CES-D probable depression SPAI probable social phobia SPAI probable panic disorder

Males All, n = 119
22 (18.5%)

a 14 (11.8%)
3 (2.5%)

a

NC, n = 61 5 (8.2%) 6 (9.8%) 0 (0.0%)

IM, n = 32 10 (31.3%) 3 (9.4%) 0 (0.0%)

PM, n = 26 7 (26.9%) 5 (19.2%) 3 (11.5%)

Females
All, n = 446

b 115 (25.8%)
69 (15.5%)

c 27 (6.1%)

NC, n = 97 23 (23.7%) 5 (5.2%) 3 (3.1%)

IM, n = 94 25 (26.6%) 11 (11.7%) 6 (6.4%)

PM, n = 255 67 (26.3%) 53 (20.9%) 18 (7.1%)

NC = non-carriers; IM = intermediate allele carriers; PM = premutation allele carriers

a
Fisher's Exact test, P < 0.05

b
SPAI scores were unavailable for 2 female participants, 1 PM and 1 NC

c
Fisher's Exact test, P < 0.005
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