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Abstract

This study examined trajectories of daily living skills, behavior problems, body mass index (BMI),
and health conditions spanning nearly a decade in adolescents and adults with fragile X syndrome
(N =134; age range at study end = 19 — 49 years), examining the influences of sex and autism
spectrum disorder (ASD) symptoms. Hierarchical linear modeling revealed that daily living skills
and behavior problems showed early improvement that deteriorated at later ages, and BMI and
health conditions increased linearly, worsening over time. Fewer ASD symptoms were associated
with greater independence in daily living skills and fewer behavior problems at study start. This
study offers some of the first prospective quantitative analyses of life course trajectories of
behavior and health in FXS.
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Fragile X syndrome (FXS) is a neurodevelopmental disorder caused by an expansion of
CGG repeats on the FMR1 gene, which inhibits production of FMRP, a protein crucial for
cognitive development (Brown, 2002). FXS is the most common inherited cause of
intellectual disability and the most common genetic cause of autism spectrum disorder
(ASD). Individuals with FXS often display behavior problems and functional limitations
across the lifespan (Smith et al. 2012a; Smith et al. 2016). In addition, they experience
physical health problems, such as being overweight and being in poor overall health (Raspa
et al. 2010; Hartley et al. 2011). Although clinicians have made acute observations of FXS
during adolescence and adulthood (Lee et al. 2018; Hersh and Saul 2011), very few
prospective analyses of the behavioral phenotype and health associated with this disorder
have been conducted. Much of our current empirical understanding about the behavioral and
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health phenotype in FXS comes from cross-sectional studies investigating relatively small
samples of children and young adolescents. In the present study, longitudinal data spanning
nearly a decade was utilized to examine trajectories of behavior (daily living skills and
behavior problems) and health (body mass index [BMI] and number of health conditions) in
individuals with FXS ranging from 19 to 49 years of age at the end of the study, accounting
for sex and ASD symptoms.

Trajectories of Behavioral Characteristics

Only a few prior studies have applied longitudinal methods to examine behavioral profiles of
adolescents and adults with FXS. Hustyi and colleagues found increases over six years in
adaptive behavior and decreases in several behavior problem domains, including
hyperactivity, inappropriate speech, and social withdrawal, in individuals with FXS ranging
from 2 to 26 years of age (Hustyi et al. 2014). In a longitudinal examination of adaptive
skills in a large sample of children and adolescents with FXS aged 2 to 18 years, Klaiman
and colleagues observed increasing adaptive skills during adolescence and suggested that
research using a sample with older participants could provide support for this trend
(Klaiman et al. 2014). Cross-sectional work similarly suggests that possible age-related
improvement in daily living skills during adolescence and adulthood (Raspa et al., 2018).

A great deal of previous research indicates that behavior problems are the most significant
source of stress for family caregivers of adolescents or adults with developmental disabilities
in general and FXS in particular (Hartley et al. 2012; Woodman 2014; Chan et al. 2017,
Baker et al. 2012). A longitudinal study of behavior problems in boys with FXS suggest that
challenging behavior may remain stable over a three year period during childhood (Hatton et
al., 2002). However, there is a dearth of literature on trajectories of daily living skills and
behavior problems across adolescence and adulthood in individuals with FXS.

Trajectories of Health

There are phenotypic health problems associated with FXS that may be stable across the
lifespan, such as macrocephaly and strabismus (Rajaratnam et al. 2017), but there may also
be other non-syndrome specific health problems that co-occur and may change over time.
Notably, no previous study has examined longitudinal trajectories of health in individuals
with FXS. Cross-sectional studies have suggested that increased body weight and poor
overall health may be associated with the FXS phenotype. For example, obesity has been
identified as a health problem in individuals with FXS at different points in the lifespan
(McLennan et al. 2011; Utari et al. 2010; Raspa et al. 2010). The relation between obesity
and FXS is multifaceted, as the FMRI deficiency in FXS has a molecular association with
obesity and individuals who take medications for associated health problems may be
susceptible to medication-linked weight gain (McLennan et al. 2011). In addition, high food
selectivity and low physical exercise rates may play a role (Raspa et al. 2010), which have
also been found in individuals with ASD with and without intellectual disability (Fodstad
and Matson 2008; Kuschner et al. 2015; Eaves and Ho 2008). These findings suggest the
importance of examining the longitudinal trajectory of obesity in individuals with FXS.
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In addition to obesity, other health problems non-specific to FXS may co-occur in
individuals with a diagnosis of FXS for several reasons. Among people with intellectual
disability, there is a higher level of health problems and higher rates of mortality than in the
general population (van Schrojenstein Lantman-De Valk et al. 2000; Fisher 2004), possibly
the result of barriers to and lower rates of health care utilization (Heller and Sorensen 2013).
Over the course of time, these factors may have a cumulative effect of increasing the number
of health problems that people experience. However, there is limited longitudinal research
on non-syndrome specific health phenotypes in FXS.

There are additional factors that may impact trajectories of behavior and health over time for
those with FXS. The prevalence of ASD that co-occurs with FXS has been estimated around
43-75% for males and 16-45% for females (Bailey et al. 2008; Demark et al. 2003; Harris et
al. 2008; Hernandez et al., 2009; Klusek et al., 2014). Previous literature on the behavioral
phenotype has demonstrated differences between adolescents and adults with FXS with and
without co-occurring ASD. For example, in a cross-sectional study from our group, three
sets of adolescents and adults were compared: Adolescents and adults with FXS were
compared with individuals with FXS and ASD as well as individuals with ASD only (Smith,
Barker, Seltzer, Abbeduto, & Greenberg, 2012). Those with FXS and ASD had higher levels
of behavior problems than did those with ASD only or FXS only. Other studies provide
evidence of an association between ASD symptoms and increases in problem behavior over
time in individuals with FXS (H. Crawford et al. 2018). It also has been shown that
adolescents and adults with FXS who have higher ASD symptom severity had lower levels
of independence in daily living skills (Hustyi et al. 2015). Increased health care use in
individuals with ASD suggests that ASD symptoms may have the potential to negatively
impact health in FXS (Gurney et al. 2006). Taken together, these findings suggest that across
outcomes such as daily living skills, behavior problems, and physical health, FXS with ASD
may be associated with more symptomatic profiles than those of individuals with a single
disorder of either FXS or ASD only.

In addition to ASD symptoms and age, sex is a factor that may impact mean levels and
trajectories of behavior and health in individuals with FXS. In the context of FXS, males are
generally more severely affected because of X-inactivation, in which one of a female’s two
X chromosomes is inactivated (D. C. Crawford et al. 2001). Females with FXS display
higher levels of adaptive behavior and lower levels of both behavior problems and ASD
symptoms than males during adolescence and adulthood (Smith et al. 2016; Hartley et al.
2011). Decreases in problem behavior over time have been found to be significantly greater
for females than males with FXS (Hustyi et al. 2014). Females with FXS are often less
severely affected in terms of cognitive, developmental, and psychiatric profiles (Freund et al.
1993), which may have an impact on both starting points and trajectories across the lifespan.

Present Study

In this study, we utilized longitudinal data to investigate trajectories of daily living skills,
behavior problems, BMI, and the number of health conditions experienced by adolescents
and adults with FXS. In a prior report focused on the same sample, we examined trajectories
of change in phenotypic characteristics in adolescents and adults with FXS over a three-year
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period (Smith, Hong, Greenberg & Mailick, 2016). The present study extended the duration
of follow-up to nearly a decade, thus incorporating measures of individuals with FXS in
midlife, and expanded the phenotypic features under analysis to include measures of health.
In addition, the present study also examined the effects of lifetime ASD symptoms and sex
on behavioral and health trajectories during adulthood.

Study participants were drawn from a multi-wave, longitudinal study of 147 individuals with
FXS and their families (Mailick, Greenberg, Smith, Sterling, Brady, Warren, & Hong, 2014).
Families in the study had a son or daughter diagnosed with FXS who was 12 years of age or
older who either lived in the parental home or or had at least weekly contact with the mother,
who was the primary respondent for the study. In families with multiple children with FXS,
the target adolescent or adult (i.e., focus of study) was selected based on the following
criteria and order: the son or daughter who was = 12 years of age, who resided with mother,
and who was the most severely affected as judged by the mother.

The current study utilized four waves of data, which were collected from 2008 to 2017. Of
the original sample, 13 individuals were excluded from this analysis because they did not
have intellectual disability, as having or not having intellectual disability could influence
trajectories, and there were too few individuals without intellectual disability in the sample
to investigate them as a separate group. An additional 9 individuals were excluded from
hierarchical linear models because of missing data on key variables, resulting in a sample of
125 individuals. Individuals with FXS were mostly males (85.1%), around 20 years of age
on average at the start of the study (M =20.19, SD=6.92, range 12-49 years), and most
lived with their mothers (90.3%). As noted, the study participants who lived away from the
parental home had at least weekly contact with their mothers. About one quarter (24.2%) of
the sample had a co-occurring diagnosis of ASD based on confirmation of maternal report
using a consensus procedure involving review of medical and educational records (DaWalt,
Usher, Greenberg, & Mailick, 2017).

Mothers were age 50 on average (M= 49.98 years, SD = 7.36, range 35-79 years), and
nearly all were white/non-Hispanic (94.8%). The majority had some college education or
more (85.8%) and were married or living with a partner (82.9%). The median household
income at the beginning of the study was $80,000 —89,999 (range $1,000 — $160,000+).
Most mothers in the study had the FMRI premutation (92.5%) with the remaining mothers
having the full mutation of FXS (2.2%), mosaicism (2.2%), normal CGG repeats (0.7%), or
missing CGG repeat information (2.2%).

Mothers provided data on their sons or daughters with FXS through self-administered
questionnaires and telephone interviews at four time points, unless otherwise noted below.
The study spanned nearly a decade, with individual families’ participation spanning 7 to 9
years between Time 1 and Time 4. Time 1 and Time 2 were separated by an average of two
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years (M=2.13 years; SD=.11 years); Time 2 and Time 3 were separated by an average of 18
months (M =1.45 years; SD=.08 years), and Time 3 and Time 4 were separated by an
average of four years (M=3.98 years; SD=.23 year). The Institutional Review Board at the
University of Wisconsin-Madison approved the data collection protocol. Informed consent
was obtained from all individual participants included in the study.

Daily Living Skills. The Waisman Activities of Daily Living scale (W-ADL; Maenner et al.
2013) was used to index independence in daily living skills. Mothers rated their son or
daughter’s level of independence on 17 items relating to personal care, housekeeping, meal-
related activities, and community activities such as dressing and grooming, making one’s
bed, preparing a meal, and managing money. Each item was rated on a 3-point scale: 0 (does
not perform the task at all), 1 (performs the task with help), or 2 (performs the task
independently), and items were summed. Thus, a score of 34 indicates complete
independence. Coefficient alphas for the total score in the current sample ranged from .87
to .91 for Times 1-4. This measure has strong psychometric properties and is sensitive to
change over time (Maenner et al., 2013; Smith et al. 2012b). This measure is strongly
associated with the daily living skills score in the Vineland (r = .82; Maenner et al., 2013)
and takes less than 10 minutes to administer.

Behavior Problems. The Behavior Problems subscale of the Scales of Independent Behavior-
Revised (SIB-R; Bruininks et al. 1996) assessed eight behavior problem types: (a) self-
injurious behavior, (b) unusual or repetitive behaviors, (c) withdrawn or inattentive behavior,
(d) behavior that is hurtful to others, (e) property destruction, (f) disruptive behavior, (g)
socially offensive behavior, and (h) uncooperative behavior. If a behavior problem was
endorsed, mothers rated frequency from 1 (/ess than once a month) to 5 (one or more times
per hour) and severity from 1 (not serious) to 5 (extremely serious). Standardized algorithms
(Bruininks et al., 1996) were used to create a general maladaptive behavior summary score,
with higher scores indicating more severe maladaptive behaviors. A score of 110 or above
indicates clinically significant behavior problems. Reliability and validity of this measure
have been established by Bruininks et al. (1996). This measure is sensitive to change over
time (Smith et al., 2016; Woodman et al., 2015).

Body Mass Index. Body Mass Index (BMI) was calculated for all participants using height
and weight. BMI is a ratio of weight to height, calculated as weight in kilograms divided by
the square of height in meters, that is used as an index of healthy versus unhealthy body
weight (National Institutes of Health 2006). BMI of less than 18.5 indicates underweight,
18.5-24.9 indicates normal weight, 25-29.9 indicates overweight, and BMI of 30 or greater
indicates obesity.

Number of Health Conditions. Mothers were asked whether their son or daughter had
experienced or been treated for any of a list of 36 health conditions within the past 12
months. This list was adapted from the checklist of chronic conditions developed for the
Midlife in the United States (MIDUS) Study (Midlife in the United States, n.d.) and
included conditions including but not limited to allergies, persistent skin trouble,
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hypertension, sleep apnea, and thyroid disease. The number of health conditions experienced
was collected at Times 1-3.

Lifetime Autism Spectrum Disorder Symptoms. A measure of lifetime ASD symptoms at
Time 1 was included as a predictor of longitudinal outcomes. Lifetime ASD symptoms were
measured using the Social Communication Scale (SCQ; Rutter et al. 2007), a parent report
instrument for screening symptoms related to ASD. The SCQ was developed from 40
critical items of the Autism Diagnostic Interview (Lord et al. 1994). For the Lifetime SCQ
measure, the mother chooses “yes” or “no” in response to questions asking whether
behaviors have ever been present for items 2-19 and whether behaviors were present
between 4 and 5 years of age for items 20-40. Scores are summed, with higher scores
indicating greater numbers of autism symptoms.

Biological Sex

Sex (male = 1) was also examined as a predictor of outcomes.

Analytic Plan

We first examined descriptive data over time and visually inspected the individual
trajectories using plots generated in R version 3.4.1 (R Core Team 2014). See Figures 1-4.
In this visual examination, we plotted outcome variables by chronological age to understand
individual trajectories in each outcome domain.

Next, multilevel modeling was used to describe change in the behavioral and health
phenotype of adolescents and adults over the course of nearly a decade and to examine
associations of between-person differences in sex and ASD symptoms on phenotype
trajectories. Separate growth curve models were evaluated using Hierarchical Linear
Modeling (HLM) software version 7.03 for four different outcomes: daily living skills,
behavior problems, BMI, and number of health conditions (Raudenbush et al. 2011). Change
was modeled as a function of age.

We report findings from two models for each outcome: In an initial set of models, baseline
linear growth models were used to describe patterns of change over time. To address within-
person change, age was entered at level 1 and was centered at 12 years of age so that
intercepts would represent initial levels of functioning. When a slope was non-significant in
the baseline model, it was not included in the subsequent model. For the second set of
models, to address between-person differences, sex and lifetime ASD symptoms at Time 1
(grand-mean centered) were entered at level 2 as predictors of the intercept and the slopes to
examine whether ASD symptoms and sex interacted with the intercepts and slopes for each
outcome. Non-significant predictors were removed from models. Finally, model fit statistics
were examined to determine the final models with the best fitting results. Specifically, the
change in the deviance statistic (-2 log likelihood) was compared across two nested models
relative to the change in the number of parameters added to the model (Raudenbush and
Bryk 2002).
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Descriptive Findings

See Table 1 for descriptive statistics across the four time points and Table 2 for a matrix of
bivariate associations among variables at Time 1. Notably, at the end of the study period,
65.0% of the sample were in their 20s, 30.1% were in their 30s, and 4.9% were in their 40s.
The average daily living score at each time point was approximately 23 on a scale in which
34 reflects complete independence. The percentage of the sample above the clinical cutoff
for behavior problems (110 or greater) ranged from 52.4% at Time 1 to 27.8% at Time 4. In
the current sample, BMlIs at each wave ranged from 14 to 50. 13.5% were underweight at the
start of the study, and 22.6% were overweight at that point. On average, sample members’
BMI increased over the study, with 32.2% being overweight by Time 4. The number of
health conditions at each time point was less than 1.

Longitudinal Trajectories

Daily Living Skills. HLM results for daily living skills are summarized in Table 3. The
baseline model for daily living skills revealed a significant quadratic slope, indicating that
across adolescence and adulthood daily living skills changed in an inverted-U shape over
time (8=-.01, SE=.003, p<.001). See Figure 1. There was significant variability in the
intercept (;(2: 111.50, df= 38, p<.001). However, there was no significant variance in
linear slope (y? = 42.49, df = 38, p=.283) or quadratic slope (y? = 40.87 of= 38, p=.345).

The final model indicated significant quadratic change in daily living skills over time, (8=
-.01, SE=.003, p<.001) in the shape of an inverted-U. Independence in daily living skills
increased as people aged, but the rate of increase slowed over time and there was suggestion
of decline in the oldest sample members. Higher levels of lifetime ASD symptoms were
significantly associated with lower intercepts of daily living skills (8= -.36, SE=.04, p
<.001). Sex was not significantly associated with the intercept or slope.

Behavior Problems. HLM results for behavior problems are summarized in Table 4. The
baseline model for behavior problems revealed a significant quadratic slope in a U-shape,
indicating that across adolescence and adulthood behavior problems changed in a curvilinear
pattern over time (8= .01, SE= .01, p=.027). See Figure 2, noting the horizontal line
indicating the clinical cutoff for the SIB-R behavior problems measure. There was
significant variability in the intercept (;(2: 96.07, df= 38, p<.001). However, there was no
significant variability in the linear slope (;(2: 34.83, df= 38, p<.500) or the quadratic
slope (y? = 33.62, df= 38, p>.500).

The final model indicated significant quadratic change in behavior problems over time, (8
=.01, SE=.01, p=.037), in a U-shape. Behavior problems decline as people age, but the
rate of decline slowed down over time and there was suggestion of increase in the oldest
sample members. Higher levels of lifetime ASD symptoms were significantly associated
with higher intercepts of behavior problems (8= .41, SE=.09, p<.001). Sex was not
significantly associated with the intercept or slope.
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Body Mass Index. HLM results for BMI are summarized in Table 5. The baseline model
indicated that BMI tended to increase in a linear pattern over time, on average (8= .37, SE
=.05, p<.001). There was no evidence for curvilinear change over time. See Figure 3,
noting the horizontal lines indicating the clinical cutoffs for BMI: <18.5 indicates
underweight, 18.5-24.9 indicates normal weight, 25-29.9 indicates overweight, and = 30
indicates obesity. There was significant variability in the intercept (12: 699.37, df=110, p
<.001) and the linear slope (y? = 316.70, of= 110, p< .001).

When ASD symptoms and sex were entered as predictors of BMI in the full model, the
linear slope remained significant (8= .48, SE= .14, p<.001). However, lifetime ASD
symptoms and sex were not significantly associated with the intercept for BMI, ps > .05.
Thus, we retained the baseline model as the final model for describing BMI trajectories.

Number of Health Conditions

HLM results for number of health conditions are summarized in Table 6. The baseline model
for health conditions revealed that overall, the number of health conditions increased in a
linear pattern over time (8= .04, SE= .01, p<.001). There was no evidence for curvilinear
change over time. See Figure 4. There was no significant variability in intercepts ()(2:
101.20, df= 109, p> .500) or in linear slope (;(2: 100.98, df= 109, p> .500).

When lifetime ASD symptoms and sex were entered as predictors of the number of health
conditions in the full model, the linear slope remained significant (8= .08, SE=.03, p
=.012). Neither lifetime ASD symptoms nor sex were significantly associated with the
intercept or linear slope for the number of health conditions. We retained the baseline model
as the final model for describing trajectories of the number of health conditions.

Discussion

This was the first study to examine longitudinal trajectories of the behavioral and physical
health phenotype in adolescents and adults with FXS over nearly a decade, accounting for
sex and ASD symptoms. Trajectories indicated increases in daily living skills and decreases
in behavior problems over time, with deceleration at later ages. Trajectories for BMI and the
number of health problems suggested patterns of weight gain and poorer health over time in
a linear fashion. Higher levels of lifetime ASD symptoms were associated with lower levels
of daily living skills and higher levels of behavior problems at the initial time point. Sex was
not a significant predictor of these outcomes. All of these patterns indicate areas for support
and intervention.

Adults with FXS pose significant challenges to family caregivers as well as to the service
system. Their limitations in independence in daily living skills, the large sub-group with
clinically-significant behavior problems, and their increased number of health problems has
the potential to tax families in which multiple members are genetically affected. In this
study, most mothers had either the premutation of the FAMRI gene or the full mutation.
Moreover, a substantial proportion of families in the sample (over one-third) have more than
one child with FXS and about 14% have one or more other children with ASD (Usher,
DaWalt, Greenberg, & Mailick, 2019). In this context, the longitudinal patterns detected by
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the nearly decade-long research cast the family challenges in sharp relief. The need for long-
term care planning is only underscored by these patterns.

Every intellectual and developmental disability has its own characteristic behavioral and
health phenotype as manifested across the life course. A great deal is known about age-
related changes in Down syndrome (Esbensen et al. 2010; Rice et al. 2015; Ghezzo et al.
2014; Carfi et al. 2014; Grieco et al. 2015) and increasingly in ASD (Woodman et al. 2015;
Esbensen et al. 2010; Smith et al. 2012b). With regards to FXS, clinical reports have
described life course behavior and health phenotypes (Lee et al. 2018; Hersh and Saul 2011).
The present study offers quantitative insights into life course development in adolescents and
adults with FXS.

In our previous research on the present sample, we found evidence of increasing
independence in daily living skills for individuals with FXS over shorter periods of time
(Smith, Hong, Greenberg, Mailick, 2016). However, by extending the follow-up period, we
observed that the pattern of increasing independence slowed in individuals in their 30s and
possibly reversed in midlife. In a longitudinal study of adolescents and adults with ASD,
improvement was found in the same measure of daily living skills during adolescence and
early adulthood that plateaued in the late 20s and showed a pattern of declining
independence in midlife. However, this pattern was not characteristic of adults with Down
syndrome (Smith et al. 2012b). Independence in daily living skills has been found to be a
significant predictor of overall independence in adult life in terms of residential living, social
contact with friends, and vocational independence for adults with ASD (Esbensen et al.
2010), emphasizing the significance of an increase in daily living skills over the lifespan.
The deceleration in trajectories of daily living skills at later ages and the suggestion of
decline in skills observed in the present study indicates that maintenance of these abilities is
of critical importance for individuals with FXS. As individuals with FXS age, interventions
are needed both to promote continued independence in previously-acquired skills as well as
to provide supports to individuals and families in cases were the adult may have experienced
a loss of skills.

Higher levels of lifetime ASD symptoms were associated with higher starting levels of
behavior problems, similar to the association observed with daily living skills. In the present
study, regardless of ASD symptom level, adolescents and adults displayed decreasing
behavior problems over time. Although behavior problem severity reduced over time, almost
one third of the sample remained above the clinical cutoff for behavior problems over the
course of a decade. This pattern underscores the point that behavior problems remain a
concern for individuals with FXS, even though they often are less severe as individuals age.
There has been a much effort to develop behavioral and pharmacological treatments for
some of the behavior problems associated with FXS. For example, behavioral interventions
designed for use with young children with ASD have been modified for use in small groups
of children with FXS with success (Vismara et al. 2018). Still, researchers acknowledge that
there is a need for controlled studies of these treatments with larger samples to better
understand potential effects on behavior in adolescents and adults and the implications of
large observed placebo effects (Hagerman et al. 2009; Erickson et al. 2018).
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Trajectories for BMI indicated weight gain over time, highlighting an area for support and
intervention. In the general population, BMI increases over time for both men and women
(Newby et al. 2003). Previous cross-sectional research indicates higher levels of obesity in
individuals with FXS than typically developing peers in childhood, but similar rates by
adulthood (McLennan et al. 2011; Utari et al. 2010; Raspa et al. 2010). In the present study
we found lower rates of obesity than those of the general population (Utari et al. 2010) at the
start of the study but higher rates of being overweight by Time 4. Some medications used to
treat behavior problems can lead to significant weight gain in adolescents and adults with
intellectual disability (Hellings et al. 2001), and individuals with FXS have high rates of
medication use (Laxman et al. 2017). Physical activity and nutrition health promotion
interventions for adults with intellectual disability have been found effective in increasing
physical activity and reducing weight gain (Heller et al. 2011; Heller et al. 2004). Findings
from this study suggest that these interventions, or a modification of them, could be useful
for individuals with FXS, especially during adolescence and adulthood when service use
decreases from that of childhood (Raspa et al. 2017).

The number of health conditions experienced by adolescents and adults with FXS displayed
a linear pattern of change, with health conditions increasing over time. Although the present
study lacked a control group, this pattern is consistent with findings from studies indicating
that people with ASD and those with intellectual disability experience increasing health
problems as they age. In our prior work we found that adolescents and adults with FXS with
a higher number of health problems use more medications than those with lower numbers of
health problems, and once taking medications are not likely to stop taking them over time
(Laxman et al. 2017). In addition to the physical activity interventions discussed above,
health and nutrition education programs have been utilized successfully to increase health
behavior attitudes in people with developmental disabilities (Heller and Sorensen 2013).
Further research is needed to evaluate these interventions ameliorating health problems in
adolescents and adults with FXS.

In contrast with prior work indicating that females may have less severe phenotypes (Smith
et al. 2016; Hartley et al. 2011), in the present research sex did not have a robust effect on
intercepts or slopes in the multilevel models of daily living skills, behavior problems, or
BMI. There was a marginal impact of sex on health, with a trend for males to have a greater
number of health conditions. However, the number of females with FXS in the sample was
small, limiting the generalizability of the findings to women with FXS. In addition, by
including only those individuals who had ID, many of the sex differences associated with
FXS were not evident here. Future studies would benefit from oversampling of females with
FXS to obtain results that apply to females with the full mutation, who may have different
starting levels and patterns of change for constructs of interest.

Findings from the present study indicate a need for continuing clinical and behavioral
treatment approaches across the life course for people with FXS. However, the availability
of clinicians with specialized expertise in FXS treatment during adulthood is limited
(McMillan et al. 2017; Bridgemohan et al. 2018; Marrus et al. 2014). Furthermore, since
FXS is a rare disorder (Brown, 2002) with fewer affected individuals in any single
geographic area relative to more common IDD conditions such as Down syndrome and
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ASD, the delivery of services to them poses logistical challenges. A possible remedy, given
the trajectory of continued impairments and limitations in adulthood, is delivery of services
via telehealth. Telehealth interventions have shown promise for individuals with FXS
(Nelson et al. 2018) and researchers and clinicians have called for telehealth programs
focused on reducing behavior problems (McDuffie et al. 2016). Parent-delivered telehealth
interventions have successfully reduced behavioral challenges in children with FXS (Diez-
Juan et al. 2014) as well as in individuals in the broader IDD population (Ramdoss et al.
2012; Kagohara et al. 2013). Further research and clinical work in this area will illuminate
strengths and challenges related to remote delivery of intervention as well as family
acceptability of these strategies.

and Limitations

This study had several strengths, including analysis of four points of data collection
spanning a nearly decade in time in a sample that extended into midlife at the end of the
study period. These data allowed for the examination of both linear and quadratic change
across adolescence and adulthood. This is also the first study to investigate longitudinal BMI
and health phenotypes in adolescents and adults with FXS. Findings may be used to inform
future research studies as well as treatment and intervention approaches for this population.
A strength of the multilevel modeling approach is that this technique capitalizes on the
sample size by including all participants in statistical analyses. As FXS is a rare disorder
with few studies of affected individuals in adulthood, research that reveals linear as well as
curvilinear patterns of lifespan development contributes novel understanding of how this
disorder unfolds over time.

These strengths should be considered alongside the limitations to this study. The sample had
too few individuals without intellectual disability to analyze as a separate group, so they
were excluded from the present study. Further examination of these individuals would
inform knowledge about the life course for this unique group. Related, the sample size in the
present study was too small to employ a growth mixture model framework; however, given
the heterogeneity of the disorder, it will be valuable for future work with larger samples to
test for possible subgroups who may change in different ways over time (e.g., some
increasing, some decreasing). Mothers reported on all variables of interest, potentially
introducing reporter bias. Multiple reporters or observations of individuals with FXS could
potentially offer nuanced information on behavior and health outcomes of interest. Finally,
we interpret the findings with regards to trends in older age with caution, due to the smaller
number of cases above the age of 40 years.

Conclusions

This study provides the first examination of trajectories of change in behavioral and physical
health phenotypes for adolescents and adults with fragile X syndrome spanning nearly a
decade. Although independence in daily living skills increased during adolescence and early
adulthood, by the early 30s and beyond there was a plateau or a decline in independence.
Similarly, individuals with FXS displayed a plateau or increase in behavior problems later in
life. Lower levels of lifetime ASD symptoms were associated with greater independence in
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daily living skills and fewer behavior problems at study start. Body mass index also
increased over time, with increasing percentages of adolescents and adults categorized as
overweight or obese over the course of the study, and the number of health conditions that
individuals experienced increased over time as well. Further longitudinal research is needed
to inform treatment and support options for individuals with FXS and their families.
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Figure 1.
Longitudinal individual and group trajectories of Waisman Activities of Daily Living scores.
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Longitudinal individual and group trajectories of the number of health conditions.
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Table 3.
Summary of Hierarchical Linear Model Results for Daily Living Skills (W-ADL).
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Baseline Model Final Model
Parameter b (SE) b (SE)
Intercept 21.46 (0.59) " 22.24 (0.83) "
Male - -0.96 (0.86)
Lifetime ASD Symptoms - -0.36 (0.04) A
Linear Slope 0.34 (0.08) "  0.34(0.08)
Male - -
Lifetime ASD Symptoms - -
Quadratic Slope -0.01 (.003) ™ -0.01 (0.003) "
Male - -
Lifetime ASD Symptoms - -
Model Fit
Deviance (-2 Log Likelihood) 2208.58 2147.94
A Deviance - 60.64 %"
+
p<.10
*
p<.05
Hk
p<.01
Ak
p<.001.

Note: ASD = autism spectrum disorder.
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Usher et al.

Summary of Hierarchical Linear Model Results for Behavior Problems (SIB-R).

Table 4.

Baseline Model Final Model
Parameter b (SE) b (SE)
Intercept 116.86 (1.69) ™™ 114.14 (2.11) "
Male - 2.84 (1.83)
Lifetime ASD Symptoms - 0.41 (0.09) HAA
Linear Slope -0.78 (0.20) ™™ -0.74 (0.19) ™
Male - -
Lifetime ASD Symptoms - -
Quadratic Slope 0.01 (001) * 0.01 (001) *
Male - -
Lifetime ASD Symptoms - -
Model Fit
Deviance (-2 Log Likelihood) 2860.82 2833.59
A Deviance - 27.03 %%
+
p<.10
*
p<.05
Hk
p<.01
Ak
p<.001.

Note: ASD = autism spectrum disorder.

J Autism Dev Disord. Author manuscript; available in PMC 2021 August 01.

Page 24



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Usher et al.

Summary of Hierarchical Linear Model Results for Body Mass Index (BMI).

Table 5.

Baseline/Final M odel Full Model
Parameter b (SE) b (SE)
Intercept 22.71(0.70) 21.26 (1.71) 7
Male - 1.77 (1.90)
Lifetime ASD Symptoms - -0.04 (0.09)
Linear Slope 0.37 (0.05) ™ 0.48 (0.14) ™
Male - -0.13 (0.15)
Lifetime ASD Symptoms - -0.002 (0.01)
Quadratic Slope - -
Male - -
Lifetime ASD Symptoms - -
Model Fit
Deviance (-2 Log Likelihood) 2174.82 2173.76
A Deviance - 1.06
+
p<.10
*
p<.05
Ak
p<.01
A A
p<.001.

Note: ASD = autism spectrum disorder.
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Usher et al.

Summary of Hierarchical Linear Model Results for Number of Health Conditions.

Table 6.

Baseline/Final Model Full Model
Parameter b (SE)
Intercept 0.48 (0.16) 0.15(0.17)
Male - 0.40 (0.22)*
Lifetime ASD Symptoms - 0.03(0.02)
Linear Slope 0.04 (0.01) " 0.08 (0.02)
Male - -0.04 (0.02)*
Lifetime ASD Symptoms - 0.00002 (0.002)
Quadratic Slope - -
Male - -
Lifetime ASD Symptoms - -
Model Fit
Deviance (-2 Log Likelihood) 955.29 947.80
A Deviance - 7.49
p<10
*p< .05
**p <.01
***p <.001.

Note: ASD = autism spectrum disorder.
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