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Abstract

Several studies have reported declines in adaptive behavior amongst children with fragile X
syndrome (FXS) starting in middle childhood. We examined the effects of maternal responsivity
on adaptive behavior in 55 children with FXS visited 5-6 times in their homes from early through
middle childhood. Our analyses indicated that sustained maternal responsivity had a significant
positive impact on the trajectories of communication and to a lesser extent other adaptive behavior
domains through middle childhood with many effects remaining significant after controlling for
autism symptoms and developmental level. For children who showed declines in adaptive behavior
during middle childhood, sustained high levels of maternal responsivity minimized the amount of
decline observed in the communication, socialization, and daily living domains.
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Fragile X syndrome (FXS) is the most common known inherited cause of intellectual
disability (Crawford, Acuna, & Sherman, 2001; Turner, Webb, Wake, & Robinson, 1996). It
is caused by a mutation on the X chromosome that disrupts the expression of the FMR1
gene (Verkerk et al., 1991). This leads to atypical brain development (Devys, Lutz, Rouyer,
Bellocq, & Mandel, 1993; Tamanini, 1997) and a range of impairment from learning
disabilities to severe intellectual disabilities (Loesch, Huggins, & Hagerman, 2004). Because
FXS is an X-linked disorder there is a higher incidence rate for males (1 in 4,000) than for
females (1 in 6,000) (Hagerman, 2007; CDC, 2011). FXS is also the most common known
genetic disorder linked to autism spectrum disorder (ASD) with estimates ranging from 30%
to 45% of males and 10% of females having a co-occurring diagnosis of ASD (Bailey,
Raspa, Olmstead & Holiday, 2008; Demark, Feldman, & Holden, 2003; Philofsky, Hepburn,
Hayes, Hagerman, & Rogers, 2004).

Our research has shown that a group of specific parenting behaviors collectively referred to
as “maternal responsivity” have significant early (Warren, Brady, Sterling, Fleming, &
Marquis, 2010) and sustained (Brady, Warren, Fleming, Keller, & Sterling, 2014) effects on
language and communication development in children with FXS even when controlling for
the effects of development, sex, ASD status, and maternal education level. Maternal
responsivity has been broadly defined as a healthy, growth-producing relationship
characterized by warmth, nurturance, and stability as well as specific behaviors, such as
continuing positive responses to child initiations (Shonkoff & Phillips, 2000; Spiker, Boyce,
& Boyce, 2002). Forms of maternal responsivity are not mutually exclusive and have been
shown across an array of studies of typically and atypically developing children to impact
language and communication development as well as emotional, social, and cognitive
development (Warren & Brady, 2007). However, in the present study, as in most of our
previous studies with this cohort (Brady et al., 2014; Warren et al., 2010), we focused on a
set of specific maternal behaviors directed to the child such as commenting on the child’s
behavior and/or focus of attention, requesting a verbal response, and recoding and/or
expanding a child’s previous response. We also measured and assessed the effects of specific
behavior management behaviors used by mothers such as requests for child behavior

compliance (e.g., “stop that”, “come over here”).

Although a great deal of emphasis has been placed on the importance of early maternal
responsivity, consistent sustained responsivity throughout childhood may provide the
optimal environment for promoting continued growth in language, cognition, and other
developmental domains (Warren & Brady, 2007). Continuous adjustment of the types and
amounts of responsivity provided in response to changing child behaviors is the hallmark of
healthy, adaptive parenting (Hauser-Cram, Warfield, Shonkoff, & Krauss, 2001; Legerstee,
Vargehese, & van Beek, 2002). Specifically, children who experienced consistently high
maternal responsivity throughout their first five years had better outcomes than children
whose mothers were inconsistently responsive or consistently low (Landry, Smith, Swank,
Assel, & Vellet, 2001). However, it may be difficult for a parent to remain responsive over
an extended period of time if the child does not initiate frequently, does not produce clear
communication signals, and/or develops new skills at a very slow pace. Thus, it may be
especially important to examine the impact of sustained responsivity over time for children
with intellectual and developmental disabilities such as FXS and/or ASD.

J Autism Dev Disord. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Warren et al.

Page 3

Our previous findings from a longitudinal study of 53 children with FXS indicated that
children whose mothers demonstrated more sustained responsivity behaviors through the age
of 9 produced significantly higher numbers of different words and displayed higher rates of
growth in vocabulary over time (Brady et al., 2014). Our analyses controlled for early
maternal responsivity, autism symptoms, nonverbal 1Q, and maternal education level in order
to determine the unique contribution of sustained responsivity on child vocabulary
development.

Although our previous studies focused on relationships between maternal responsivity and
language outcomes, we hypothesize that maternal responsivity is also significantly related to
variability in children’s adaptive behavior (i.e., an individual’s level of skills needed to
function in their daily environment; Ditterline & Oakland, 2009). There is ample evidence
that many children with FXS acquire increasingly sophisticated communication, social, and
daily living skills during early and middle childhood (Dykens et al., 1996; Dykens, Hodapp,
Ort, & Leckman, 1993; Fisch, Carpenter, Holden, Simensen, et al., 1999; Hahn, Brady,
Warren, & Fleming, 2015; Hatton et al., 2003). However, a growing body of research has
also documented that a substantial portion of children with FXS begin experiencing declines
in adaptive behavior development as measured by the Vineland Adaptive Behavior Scales
(VABS; Sparrow, Balla, & Cicchetti, 1984; Sparrow, Cicchetti, & Balla, 2005) as early as
middle childhood and extending into adolescence (Fisch et al., 2012; Freund, Peebles,
Aylward, & Reiss, 1995; Hahn et al., 2015; Klaiman et al., 2014).

Previous results from our research showed significant linear and quadratic growth for the
overall adaptive behavior raw scores on the VABS (i.e., adaptive behavior composite) and
within the domains of communication, daily living, and socialization, over time with a
slowing in the rate of growth during the middle childhood years (Hahn et al., 2015).
Importantly, the quadratic trends were negative, indicating slight declines. Additionally,
children in our sample who had higher nonverbal cognitive abilities and less autistic
behaviors had higher adaptive behavior trajectories.

Closer examination of the individual trajectories of adaptive behavior revealed that while
44% of children in our study showed advances in adaptive behavior from toddlerhood
through middle childhood (similar to past research findings; i.e., Hatton et al., 2003), the
other 56% of children showed declines in adaptive behavior at or before the age of 10
(average age for the beginning of decline = 7 years; Hahn et al, 2015). The timing of this
decline is also consistent with other studies that have indicated declines in adaptive behavior
starting in middle childhood (Dykens et al., 1996, 1993). As in Hahn et al. (2015), in the
present study we defined a decline as a decrease of at least 5 points for one or more of the
VABS subscales (i.e. communication, socialization, daily living) over at least two time
points that were separated by approximately 18 months.

These findings of raw score declines in the overall VABS composite and within the different
domains of the VABS suggest that middle childhood may be a pivotal age period for
adaptive behavior development in children with FXS (Hahn et al., 2015). Furthermore, our
use of raw scores for this analysis differs from past studies that have reported declines or
plateaus in adaptive behavior in childhood based on either standard or age-equivalent scores
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(Dykens et al., 1996, 1993; Fisch et al., 2012, 2002; Fisch, Carpenter, Holden, Howard-
Peebles, et al., 1999; Fisch, Carpenter, Holden, Simensen, et al., 1999; Freund et al., 1995).
The use of these types of scores make it difficult to discern whether children with FXS are
truly showing declines in adaptive behavior or if they are simply showing slower growth in
these skills relative to the normative sample. By using raw scores in a true longitudinal
design, a decline means that these children, according to parent reports on the VABS, had
actually lost some of these important skills over time suggesting a true regression (Hahn et
al., 2015). Additionally, this approach allowed for a more nuanced examination of changes
in adaptive behavior over time. In summary, our previous research, and the previously cited
studies, indicate that a substantial proportion of children with FXS lose adaptive behavior
skills in middle and/or late childhood both in relation to their peers and, as our previous
study showed, in absolute terms.

The encouraging results of our previous analyses of maternal responsivity on the language
development of children with FXS (Brady et al., 2014; Warren et al., 2010) in combination
with our disconcerting discovery that a substantial portion of children in this same cohort
showed true raw scores declines in one or more domain of adaptive behavior in middle
childhood (Hahn et al., 2015) lead us to an obvious question: What is the relationship, if any,
of parenting to the adaptive behavior development of children with FXS in middle
childhood?

Our interest in conducting the present analysis was further peaked by three aspects of our
sample. First, observing actual regression in children’s skills as they develop might suggest
that the children who regress are simply functioning at a lower developmental level than
children who show no declines. However, we found no statistically significant differences
between the children in our study who did and or did not show declines on adaptive behavior
on our initial measures of nonverbal cognition or autism symptoms (Hahn et al., 2015).
Second, it has been reported in other studies of adaptive behavior in individuals with FXS
that declines are related to sex (they are more common in males, which makes logical sense
given the X-linked nature of FXS) and co-morbid ASD status. We have observed these same
relationships in our sample (Hahn, et al., 2015). But adaptive behavior declines have been
reported across all FXS sub phenotypes (Fisch, Carpenter, Holden, Howard-Peebles, et al.,
1999; Fisch, Carpenter, Holden, Simensen, et al., 1999; Klaiman et al., 2014). Furthermore,
we observed a spread of declines in our sample by middle childhood across all FXS sub
phenotypes as well. Specifically, 4 of 11 females (36%) showed adaptive behavior declines
of 5 or more points in one or more domains, 10 of 14 males with FXS and ASD (71%)
declined, and 16 of 28 males with “FXS only” (57%) declined (Hahn et al., 2015). So while
“being female” or “being male without ASD” may have afforded some protection from
declines in adaptive behavior, there was nevertheless a substantial portion of those sub-
groups who experienced raw score declines in one or more domain in middle childhood.

Our third observation was the considerable amount of variability in our sample in terms of
maternal responsivity that spanned early through middle childhood. Specifically, 15 of 53
mothers for whom we had data across early and middle childhood, had relatively low-
responsivity across 5 to 6 time points; 9 had high responsivity at all-time points; 22 started
low but steadily increased their responsivity across time points; and 7 were variable,
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fluctuating from high to low responsivity and back (Brady et al., 2014). This variability did
not correlate with maternal educational status. However, it may be relevant that the
biological mothers of children with FXS are themselves premutation carriers of FXS, and
three mothers in our sample had the full mutation. Indeed, research suggests that all carrier
mothers of children with FXS may be at risk for a range of subtle to severe cognitive and/or
emotional problems that could hinder their interactions with their children especially as they
age (Mailick et al., 2014). These include an increasing risk of cognitive deficits in attention,
verbal memory, and executive function as the mother’s age (Freund, Reiss, & Abrams, 1993;
Sobesky, Hull, & Hagerman, 1994). They are also more prone to depression and social
anxiety, and may be more affectively labile (Roberts et al, 2016; Hagerman & Hagerman,
2002; Mazzocco, 2000; Sobesky et al., 1994; Thompson, Rogeness, McClure, Clayton, &
Johnson, 1996). These risk factors have been previously associated with lower maternal
responsivity in other non-FXS samples (Goldsmith & Rogoff, 1995; Osofsky, Thompson,
Shonkoff, & Meisels, 2000).

In summary, the degree of variability in maternal responsivity we observed and the
variability of declines in adaptive behavior, led us to an obvious question: Is there a
relationship between parenting and the development and/or decline of adaptive behaviors as
measured by the VABS? To answer this question, we chose to examine the role of specific,
contingent parenting behaviors that make up the constructs of maternal responsivity and
behavior management on the adaptive behavior trajectories of the same cohort of children
described in our previous study (see Hahn et al., 2015).

Methods

Participants

The participants in our ongoing longitudinal study are 55 children with FXS and their
mothers. Fifty-three of the dyads were part of our longitudinal study into middle childhood.
The other two participated only during the early childhood period. All participants
represented a sample of convenience that were recruited from across the United States
through advertisements at national conventions, use of a national research registry, and
networking with the community of families who have a child with FXS. The present sample
represents a sample of convenience because FXS is a rare disorder and, thus, it was not
feasible to recruit a representative sample of all young children with this disorder either
locally or nationally.

Maternal characteristics—The mean age of mothers was 33.5 years at the first
observation, ranging between 20.5 and 41.75 years. At the final observation the mean age for
mothers was 40.0 years with a range of 27.1 to 48.4 years. Three of the mothers had full
mutation FXS, and 52 were premutation carriers. The FMRL gene is made up of CGG
trinucleotide repeats, and elevated repeats beyond 55 signify either the premutation (55-200
repeats) or the full mutation (> 200 repeats; Loesch et al., 2004). At the beginning of the
study, each mother completed the Wechsler Adult Intelligence Scale — Third edition
(Wechsler, 1997). The mothers’ 1Qs ranged widely from 55 to 130, with the mean score
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being 107. The 1Qs of the three mothers with full mutation FXS were 55, 89, and 103 (see
Table 1 for additional demographic information).

Child characteristics—Forty-four boys and 11 girls with full mutation FXS participated
in the study beginning in early childhood (see Table 1 for developmental information). The
age of children at recruitment and first observation varied between 11 months and 4 years
with a mean age of 28.6 months. The current analyses include all data points beginning
when children were 2 years old or older (median age of first data point was 2.9 years). All
data collected for each child between the ages of 2 and 10 years were included in the growth
curve analyses.

Eighteen children (16 males and 2 females) had a stable diagnosis of autism throughout the
early and middle childhood period, according to maternal report of diagnostics conducted by
professionals outside our research team. Of the 18 children with comorbid autism, 11 were
diagnosed by a pediatrician, 1 was diagnosed by a developmental pediatric neurologist, and
6 were diagnosed by a psychologist. We also measured each child’s level of autism
symptoms displayed during each data collection visit using the Childhood Autism Rating
Scale (CARS; Schopler, Reichler, & Renner, 1986).

Maternal parenting measures—Specific maternal responsivity and behavior
management behaviors were based on mother-child interactions measured cumulatively over
the early and middle childhood periods (described below). We coded mothers’
communication toward their child on a behavior-by-behavior basis using Noldus Observer
XT software (Noldus Information Technology, 2008). The coding system was described in
previous studies (Warren et al., 2010; Brady et al., 2014).

All maternal communication directed toward the child during the observation was coded.
When mothers’ communication included several utterances in succession, the last utterance
spoken to the child was coded based on the assumption that the child’s response would
typically be anchored to the mother’s final utterance. Using a three-tiered coding system,
maternal communication acts were coded according to both their level of attention (tier 1:
maintain the child’s attention, introduce a new topic, or redirect child attention) and the
function of the specific communication act (tier 2: request for verbal response from the
child, request for behavioral compliance by the child, or comment to the child). Within these
two tiers, these codes were mutually exclusive, and in combination across tiers they were
exhaustive. For example, if a mother said, “come over here” while the child was trying to
leave the room, it would be coded as a mother redirect-request for behavioral comply from
the child. Or, if mother said “that’s a big bear” while looking at a book with the child, it
would be coded as mother maintain- and comment. In addition, the following codes were
supplemental (tier-three) in that they could be added to any maternal behavior if observed:
maternal gesture, maternal recode (e.g., an expansion of a child communication act),
maternal communication breakdown (e.g., requesting clarification from the child), or zap
(e.g., admonishment of the child).
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Principal Components Analysis (PCA; Gorsuch, 2003) was used to determine which of the
behaviors could be combined as part of data reduction (see Brady et al., 2014 for complete
description of the principal components analysis). Using this approach, we identified a
maternal responsivity composite that was comprised of maintain-comment, maintain-
request-for-verbal-comply, and recodes. A similar process was followed to create the
behavior management variable, which was comprised of two maternal behaviors—redirect-
request for behavioral complies and zaps/admonishments of child behavior. The average
scores from these two constructs over all available observations was grand mean centered
and used as predictors in the growth models described in our analysis section. Definitions
and examples of the behaviors that made up these two empirically determined composites
are shown in Table 2.

Coding and reliability: Research assistants completed the primary and reliability coding.
Each coder was initially trained to be at least 80% reliable with a master coder on a set of
videos that were not part of the current analysis. Following this training, two coders
independently coded child and maternal behaviors for each taped observation. After
completing independent coding, the two coders compared transcripts, and if agreement was
below 80% the coders resolved differences by consensus. This process was implemented to
ensure consistency across coders and over time. Approximately 68% files were consensus
coded. To determine the inter-judge reliability for each behavior that made up the maternal
responsivity composite (Maintain-Comments, Maintain-Request for Verbal Complies, and
Recodes), and maternal behavior management (Redirect-Request for Verbal Complies, Zap/
Admonishment of Child Behavior) we calculated intra-class correlation coefficients (ICCs),
using the absolute agreement and single measure values for each score (Shrout & Fleiss,
1979). ICCs were calculated between the primary and reliability scores, as well as between
primary scores and those arrived at by consensus codes. ICCs for maternal behaviors were
also high, ranging from .73 and .96 between primary and reliability coders. The ICC of .73
was for maternal recodes, which did not occur as often as other behaviors. ICCs between
primary and consensus coders were .99 for all maternal behaviors.

Vineland Adaptive Behavior Scales — Interview Edition, Survey Form (Sparrow
et al., 1984, 2005)—The VABS is a widely used standardized semi-structured parent
interview that assesses personal and social functioning of individuals from birth through
adulthood in four domains: communication, socialization, daily living skills, and motor
skills (Sparrow et al., 1984; 2005). The motor skills domain is usually only administered to
children under the age of 6, so we did not include it in this analysis. The survey form
contains 297 items that are scored using a 3-point Likert scale (never, sometimes/partially, or
usually). Items may also be scored as parent does not know if the child can perform the
activity or as the child has not had the opportunity to perform the activity. For the domains
of the VABS, inter-rater reliability coefficients and the test-rest reliability coefficients are in
the good to excellent range with split-half reliability coefficients ranging from .70s to .90s.
The VABS has established construct, criterion, and content validity and has satisfactory
levels of internal consistency (Sparrow et al., 1984).
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The Mullen Scales of Early Learning (Mullen, 1995)—The Mullen Scales of Early
Learning (MSEL) is a standardized developmental assessment for children from birth to 638
months. The MSEL measures five domains of development (i.e., gross motor, fine motor,
visual reception, expressive language, and receptive language) that are combined to create an
overall standard score—Early Learning Composite—that represents an estimate of overall
developmental functioning. The MSEL has established content, construct, and predictive
validity and strong concurrent validity with other well-known developmental assessments
for young children (e.g., Bayley Scales of Infant Development [Bayley, 1993]). In addition,
strong test-retest reliability (.82—.85), inter-rater reliability (.91-.99), and internal
consistency coefficients have been established for the MSEL (.83-.95; Mullen, 1995).

In the present study we used nonverbal cognitive abilities score, as opposed to the Early
Learning Composite, to help control for the potential confounding influence of language
abilities on this overall score. This score can be calculated by combining the scores from the
Visual Reception and Fine Motor domain (Mullen, 1995). Additionally, raw scores were
used in the present study because there was little variability in standard scores and many of
the children had the minimum standard score (i.e., floor effects). The nonverbal raw score,
obtained at the first observation after age 24 months was used as a covariate in our analyses
because this time point is when all 55 participants were observed (mean MSEL nonverbal
raw score at the first observation was 44.31 [SD = 8.95]).

The Childhood Autism Rating Scale (Schopler et al., 1986)—The Childhood
Autism Rating Scale (CARS) is a 15-item general rating scale of observed autism
symptoms. Each item is scored on a 4-point Likert scale, where 1 is within normal limits for
age and 4 is severely abnormal for age or developmental level. An overall score of autistic
behavior is calculated based on these ratings, such that a Total CARS score of 30 to 37
indicates the presence of mild to moderate autism behavior symptoms and scores above 37
indicate more severe symptoms (Schopler et al., 1988). We did not use the CARS as a
diagnostic measure but instead used its scores from each child’s first observation as a
predictor variable to describe each child’s level of autism symptoms concurrent with our
observations. The mean CARS score at the first observation at 24 months or later was 26.07
(SD = 5.78). Although, this score is elevated compared to typically developing children of a
similar age (Mayes et al., 2009), it is similar to the mean CARS scores reported by other
studies of children with FXS (e.g., Bailey, Hatton, et al., 2001; Bailey, Mesibov et al., 2001;
Hatton et al., 2006). The CARS score added as a predictor to the models was grand mean
centered to facilitate interpretation.

Measurement schedule

Fifty-three of the 55 participants contributed data from 5 observations across early and
middle childhood. The other two participants only contributed data during early childhood
phase. The first three home visits were approximately 16 to 18 months apart. The fourth
home visits occurred between 30 and 31 months after the third home visit, due to a change
in project funding. The time between the fourth and fifth home visit was 16 to 18 months.
All of the available VABS and maternal parenting data collected between the ages of 2 and
10 years were used in the growth curve analysis described below, which allowed for the
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modeling of trajectories with different numbers of observations and different assessment
intervals (Signer & Willet, 2003). Therefore, no form of data imputation was used to account
for missing data in this study.

Modeling Approach

Because our research questions focused on the relationship between parenting and the
development of/or decline in adaptive behavior and because some subscales showed more
decline than others, we chose to analyze the subscales of the VABS individually. Given the
observed trajectories for each of the VABS outcomes of interest—communication,
socialization, daily living—fixed effects for linear, quadratic, and cubic growth terms were
evaluated initially in all growth models using SAS PROC MIXED. This is the same
approach we took in the Hahn et al study (2015). Age was centered at 30 months, a point
early in the trajectory around which most participants were observed. Random intercepts,
linear growth terms, and covariance between random intercepts and slopes were also
included in the models. Model comparisons were made using two types of indices: the
deviance statistic (change in the -2 log likelihood) and the Bayesian Information Criterion
(BIC). Deviance statistics are distributed asymptotically as a Chi Square with degrees of
freedom equal to the difference in the number of parameters estimated by the two models.
Smaller BIC values indicate better fit. For each of the outcomes of interest, we first ran an
intercept-only model in order to examine within and between person variance and calculate
intra-class correlation coefficients. Next we ran a growth model with no predictors, followed
by Model 3, which added parenting predictors (either maternal responsivity or behavior
management), and finally Model 4 added child predictors for autism symptoms as measured
during home visits using the CARS, and nonverbal ability as measured by the Mullen from
the first observation.

Because the growth models indicated that there was a significant decline in skill for some
participants at the later observation periods, we ran additional analyses for the subgroup of
participants who experienced a decline to determine how maternal responsivity influenced
decline. For these analyses, we centered time at 110 months, the point in middle childhood
when declines started to be observed, and specifically examined maternal responsivity as a
predictor of intercepts and slopes at this middle childhood period. The results are presented
first for the analyses completed with the entire group of participants, followed by the
analyses for just those who showed declines.

Preliminary Analyses

Preliminary analyses were conducted to examine early responsivity as a predictor of
adaptive behavior. Early responsivity was only significantly related to intercepts at 30
months for the communication subscale outcome whereas sustained responsivity (which
included early and later responsivity) was related to both intercepts and slopes for outcomes
as described below.
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Vineland Communication Domain

Figure 1 shows a pattern of generally increasing growth on the VABS communication scale
by chronological age. As expected, females with “FXS only” tend to have the steepest
increases across age and males and females with autism tend to have the flattest trajectories
with males (no autism) in the middle. At 30 months, the average VABS communication
score was just over 29 and scores increased by .87 each month on average with a significant
negative quadratic parameter estimate of —.004. See Table 3, Model 2 for a complete
description. As a point of comparison, an average typically developing child has a raw score
of 54 at 30 months on the VABS communication subscale.

Sustained maternal responsivity was significantly related to intercept, linear growth, and
quadratic change for VABS communication as can be seen in Table 3. Variance in intercepts
and slopes for the communication subscale were reduced by 34% and 33%, respectively,
with the addition of maternal responsivity to the model. The explained variance can be
interpreted as a pseudo-R-square. Accordingly, we applied Cohen’s (1988) criteria for R-
square change formula, which indicated the observed effects were “large”. Children with
highly responsive mothers had higher intercepts at 30 months and larger increases in
communication scores over time. Overall maternal responsivity influenced the intercept such
that communication scores were 2.32 points higher at 30 months for every 1-point increase
in maternal responsivity. It also influenced the slope, increasing by .13 points for every 1-
point increase in maternal responsivity. Maternal responsivity influenced the quadratic term
increasing the rate of growth by .0007 for every 1-point increase in maternal responsivity.
Thus, the change in slope as the children aged was more positive for children whose mothers
were highly responsive. Specifically, children who were declining, declined less with highly
responsive moms. The positive influence of maternal responsivity on the slope and quadratic
terms was maintained even after child autism symptoms and nonverbal skills were added as
predictors, as can be seen in Table 3 under Model 4. ASD symptoms and nonverbal scores
were significant predictors of intercept. Maternal responsivity was no longer a significant
predictor of the intercept when these child predictors were added to the model but maternal
responsivity was still significantly related to linear and quadratic growth trajectory.

Figure 2 shows an interaction between maternal responsivity and CARS scores such that
children with highly responsive mothers and low CARS scores show the steepest
communication growth trajectory across age. Children with high CARS scores and high
maternal responsivity had a somewhat lower growth trajectory but outperformed children
with low CARS score and low responsive mothers. Children with the lowest trajectory had
low responsive mothers and high CARS scores. Communication scores were .44 lower at 30
months for every 1-point increase above the mean CARS score. For example, if the CARS
score observed for a child was 5 points above the mean CARS score for the sample, then
their communication score was 2.20 points lower on average. Mullen Nonverbal raw scores
(not shown in Figure 2) also influenced the intercept such that communication scores at 30
months were .51 higher for every 1-point increase in the Mullen Nonverbal raw score.

Table 4 provides the parameter estimates for the model of communication domain scores
when behavior management was the parenting predictor of interest. Higher rates of behavior
management were significantly related to slower increases in communication scores over
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time with slopes decreasing by .14 for every 1-point increase in the rate of behavior
management. However, behavior management was not a significant predictor of
communication parameters once autism symptoms and nonverbal skills were added to the
model.

Vineland Socialization Domain

Figure 3 shows a pattern of generally increasing growth on the VABS socialization scores as
children with FXS aged. Similar to Figure 1, growth was steepest for females and males
without autism. Males with ASD and one of the two females with ASD tended to have the
lowest trajectories. However, the overall pattern of growth generally increased with a
significant negative quadratic term as individual’s rate of growth in socialization scores
slowed as they aged. As is apparent from the figure, many children actually declined in
socialization scores at the latter time points.

Maternal responsivity was a significant predictor of both intercept and slope of socialization
scores, with socialization scores 2.00 points higher at 30 months and slopes .03 higher for
every 1-point increase in maternal responsivity as can be seen in Table 5, Model 3. Variance
in intercepts and slopes for the socialization subscale were reduced by 61% (a large effect)
and 25% (a medium to large effect), respectively with the addition of maternal responsivity
to the model. Maternal responsivity was a significant predictor of intercept even with child
predictors added to the model, as can be seen in Table 5 Model 4. CARS scores were
significantly related to slopes when all of the predictors were in the model. Behavior
management was not a significant predictor of socialization scores and thus no table is
provided.

Vineland Daily Living

Figure 5 shows a pattern of generally increasing growth in daily living that slows over time.
A few individuals show clear declines at the upper age levels. As was the case with VABS
communication and socialization scores, females tended to have the highest daily living
trajectories. A few male trajectories overlapped with these females. Males with ASD showed
low growth trajectories across age. Daily living scores averaged 21.72 at 30 months with an
increase of 1.05 for every month of age and a decrease in the rate of growth over time
indicated by a significant negative quadratic term.

Scores at 30 months were 1.47 higher and slopes of daily living Scores increased by .08 for
every 1point increase in maternal responsivity as can be seen in Table 6, Model 3. Variance
in intercepts and slopes for the daily living subscale were reduced by 19% and 22%
(medium size effects), respectively with the addition of maternal responsivity to the model.
Maternal responsivity significantly influenced slope even when child predictors were added
to the model. CARS scores influenced intercept such that daily living scores were .45 lower
at 30 months for every 1-point increase in CARS scores. Slope for daily living scores were .
03 lower for every 1-point increase in CARS scores. Behavior management was not
significantly related to daily living slopes or intercepts. As the predicated trajectories
indicate, children of responsive mothers and few autism symptoms tended to have the
highest daily living scores. In contrast, children with low responsive mothers and many
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autism symptoms had the lowest daily living scores. The other two groups (high
responsivity/high CARS and low responsivity/low CARS) had very similar scores and
trajectories.

Declines in Domains

A subgroup of 30 individuals representing 56% of our sample, previously discussed in Hahn
et al. (2015), demonstrated a decline of at least 5 points in the raw score on at least one of
the Vineland subscales (communication, socialization, daily Living) over two or more
longitudinal data points. This represented a change, for example, from a score of 2 “always
does” to a score of 1 “sometimes does” on at least 5 items within a single domain, or a
change from 2 “always does” to 0 “never does” on at least 3 items. We examined whether
sustained responsivity was specifically related to the intercepts and slopes for these 30
participants. As previously stated, for this analysis we centered age at 110 months, the age
point at which, on average, we started to observe declines in middle childhood.

The average communication score for participants showing declines at 110 months was
66.17(SE = 3.54). The average slope of communication was not significantly different from
0, .01(SE=.06), at 110 months and there was a significant, negative quadratic term —.
006(SE=.00066) indicating a less positive slope over time. Sustained responsivity was
positively related to intercepts 7.96(SE=1.40) and slopes .06(SE=.01). Children whose
mothers were highly responsive had higher scores at 110 months and more positive slopes.

The average socialization score for these 30 participants at 110 months was 63.83(SE=3.12).
The average slope of socialization was not significantly different from 0, —.05(SE=.07) and
there was a significant, negative quadratic term —.005(SE=.0008) indicating a less positive
slope over time. Sustained responsivity was positively related to both intercepts 4.68
(SE=1.23) and slopes .03(SE=.01). That is, participants in this group whose mothers were
more responsive showed relatively more growth.

The average daily living score for participants in this group at 110 months was
75.08(SE=4.75). The average slope was positive, .16(SE=.07) at 110 months and there was a
significant, negative quadratic term —006(SE=.0008). Sustained responsivity was positively
related to both intercepts 6.92(SE=1.88) and slopes .06(SE=.02). The significant relationship
between slopes and sustained responsivity further indicates that even within this group of
children who showed declines, relatively more growth was associated with responsive
parenting.

Discussion

Our findings suggest that middle childhood may be an especially pivotal time for the
development of adaptive behaviors in individuals with FXS. Our prior study of adaptive
behavior declines indicated that 56% of our sample had /ostimportant adaptive behavior
skills and regressed to some extent in middle childhood (Hahn et al., 2015). Raw score
declines were documented in 3 of 9 females with FXS only, 10 males with FXS and co-
morbid autism, and 17 males with FXS only.
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The underlying reasons for declines in adaptive behavior in children with FXS as reported in
several other studies have been a mystery beyond having some relationship to autism
symptoms and cognition. However, our findings suggest that parenting may play an
important role in this developmental process. In our analysis we found that maternal
responsivity significantly predicted quadratic change, slope, and intercept for all children on
the VABS communication domain, as well as slope and intercept for those that declined on
the socialization and daily living domains. These effects were highly significant statistically
and generated large to moderate effects sizes depending on specific VABS domain. Many,
but not all, of these effects were maintained after controlling for autism symptoms and
nonverbal cognitive development. Thus, our data suggest that highly responsive parenting
practices act to increase positive trajectories and decrease the amount of decline in some
domains. The strongest effects were apparent for the communication domain. Whether these
effects continue into adolescence and beyond remains to be seen.

Perhaps these data should not be viewed as surprising. We previously reported on the early
and sustained impact of maternal responsivity on language development in this same sample
of children (Warren et al., 2010; Brady et al., 2014). In this respect our discovery of a
substantial relationship between maternal responsivity and the VABS communication
domain is further verification of our earlier findings. More generally, maternal responsivity
has been repeatedly shown to be among the most potent environmental influences on a
variety of child development measures across both typically and atypically developing
children (Landry et al., 2006, 2001; Spiker et al., 2002; Warren & Brady, 2007; Shire et al,
2016). Furthermore, our findings regarding the influence of contingent maternal responsivity
on child adaptive behavior underscores the fact that the manifestation of FXS is not just the
product of innate biology, but is attributable to the dynamic and cumulative interaction of
biology, behavior, and environment over time.

In contrast to maternal responsivity, the effects of maternal behavior management on
adaptive behavior appeared to be minimal in terms of the outcomes we measured. One might
have expected behavior management to positively or even negatively impact adaptive
behavior. However, our data only revealed one statistically significant relationship, a
relatively weak negative one between behavior management on the growth of the
communication domain. This finding fits with our casual observations of the mothers in our
study during the home visits. That is, mother’s parenting approaches ranged from mostly
positive to neutral and their use of behavior management techniques were generally
appropriate to the situation at the moment. Of course there might have been some effect of
an observer being present in terms of the behavior they displayed toward their child.
Additional research with other samples and data collection approaches might reveal a
different picture.

Importantly, to our knowledge no other published research has examined the role of
parenting on child adaptive behavior advances and declines associated with FXS. This
suggests the need for extra caution in interpreting these results. It is also possible that the
declines of one or more adaptive skills that we found for many of these children may be
transitory and that these skills might increase again during adolescence. This may be
especially true given that we analyzed raw scores. Thus, we might observe increases in raw
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scores among a broad group of our sample during adolescence even though their
standardized/age equivalent scores could still show further declines. Fortunately, we will be
collecting further data on this sample during adolescence.

The definition of maternal responsivity that we used in this study—and most of our other
work on parenting and FXS—is different from many studies on maternal responsivity that
focus more on the affective qualities (e.g. warmth, flexibility, positive affect, harsh vocal
tone, etc.) of parent behavior (e.g. Landry et al 2006). Instead our focus was on the
cumulative effects of specific maternal behaviors in response to specific child behaviors (see
Table 2 for examples). These maternal behaviors may function as in-vivo “incidental
teaching procedures” to help children build specific adaptive skills in communication,
socialization, and daily living (Hart & Risley, 1999). However, they may or may not have a
strong correlational relationship with measures of maternal affect such as “warmth” or
“flexibility”. This issue is obviously worthy of further study. Our point is that how maternal
responsivity is specifically defined and measured is an important topic in and of itself and
may have played an important role in the results of this study.

In our view this study has several important strengths. First, it is based on an intact
longitudinal sample spanning the period of early to middle childhood, not a cross-sectional
sample like most of the extant literature on this topic. Second, we directly measured mother-
child interaction across varied activities in the child’s natural environment (home). Third,
our definition of “decline” was conservative (raw declines over two or more longitudinal
data points 16-18 months apart. Finally, the definitions of “responsive parent behaviors” are
ones that conceptually relate to contingently teaching and supporting new and emerging
communication, social, and daily living skills in children with and without FXS. Our study
also has limitations. Most obvious are that it’s based on a sample of convenience drawn from
28 states and on what are essentially correlational data.

In conclusion, the importance of this study lies in the obvious seriousness of raw score
declines in adaptive behavior development and our discovery that growth in adaptive
behaviors are more positive when parents engage in higher rates of the type of maternal
responsivity measured in our study. Correspondingly, the amount of decline observed in
some participants was lessened for those with highly responsive mothers. These results may
have important clinical and educational implications for children with FXS. Nevertheless,
since to our knowledge we are the first to report a possible connection to parenting style to
adaptive behavior declines, it would be prudent to consider these results with caution until
they have been replicated by other investigators. In the meantime, we see no downside and
potentially a considerable upside in training efforts aimed at enhancing and supporting
sustained highly responsive parenting for children with FXS during both early and middle
childhood.

Ethics Approval: All procedures performed in this study involved human participants and
were in accordance with the ethical standards of the institutional research committee at the
University of Kansas and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
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Vineland Communication By Age

VABS communication by age in months
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Predicted VABS communication by age in months
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Vineland Daily Living By Age

VABS daily living by age in months

J Autism Dev Disord. Author manuscript; available in PMC 2018 March 01.

---------- Females with FXS only
= Females with FXS and ASD
125 4 ——— Maleswith FXSonly
---------- Males with FXS and ASD
100 ~
=
S
vi 754
=
o
o
50
257+
) ) L] L) L)
20 40 60 80 100 120
Chronological age
Figureb.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Warren et al. Page 24
120 == == High Resp/High CARS
Low Resp/Low CARS
m— High Resp/Low CARS
== == | ow Resp/High CARS
100
o 80 =
=
2
o |
=
‘® 60 -
=y
o]
-
A
T 407
a
20 -
0 -
Ll ] | || 1 | || 1 | I
24 34 4 54 64 74 84 94 104 114
Age in Months
Figure 6.

Predicted VABS daily living by age in months
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Table 1
Child Developmental Information
Characteristic M/% SD Range
Child
Age at First Observation (in months) 34.11 5.58 24-55
Age at Last Observation (in months) 11258 744  67-121

MSEL Early Learning Composite at First Observation ~ 55.89  11.50 49-101

MSEL Nonverbal Raw Score at First Observation 4431 895 29-73
CARS at First Observation 26.07 578 155-42
Ethnicity (%)

Caucasian 87.3
Hispanic 3.6
Biracial 7.3
Mother
Education level in years at Last Observation 155 2.33 9-20
% Graduate from college 61
% Married 72
% Working Outside the Home (Part or Full Time) 61

Household Income (%)

> $30,000 11
$31,000-$99,999 56
> $100,000 33
Ethnicity (%)
Caucasian 91
African American 3.6
Pacific Islander 18
Biracial 1.8
Choose not to respond 18

Note. MSEL = Mullen Scales of Early Learning; CARS = Childhood Autism Rating Scale.

a - ) . . .
14 of the participants had CARS scores that exceeded 30 at the first observation. All presented means are prior to grand mean centering
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Definitions of Maternal Behaviors
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Behavior

Definition

Example

Maternal Responsivity Construct

Maintain comments

Behaviors that maintained the child’s focused and
verbally commented

Child is making a sandwich and Mom says, “that
looks good”

Maintain Request verbal
complies

Questions or statements intended to elicit a verbal
response, while maintaining child focus

Mom says, “Do you want help with that
sandwich?”

Recode

Verbal interpretation of child’s communication act

Child says “ba” and mom says, “Do you want your
ball?”

Behavior Management Construct

Redirect request for
behavioral complies

Mom requests or directs child to complete a behavior
that is outside of the child’s current focus of attention

Child is playing with toy truck and Mom says “tie
your shoe”

Zap/Admonishment

Verbal or non-verbal restriction of child’s behavior

Mom says “Don’t do that” and shakes her finger at
the child
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