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Although previous research supports the notion that characteristics of both the child and the mother impact maternal well-being and parenting stress in mothers of children with FXS, more work is needed in which self-report measures are supplemented by physiological measures of stress and well-being. The inclusion of physiological measures, such as heart rate variability (HRV), may provide a window into the biological origins and consequences of maternal perceptions of their experiences, including the challenges of raising a child with developmental challenges. The proposed project, therefore, involved the collection of multimodal assessment data from mothers and their school-aged children with FXS. Further, given the importance of understanding how mothers of youth with FXS are faring in their everyday environment, the present study collected all data using telehealth procedures and wearable technology. Participants were 20 biological mothers and their children with FXS between the ages of 6 and 11 years. We measured maternal mental health and parenting stress through self-report as well as through HRV as a more objective measure of psychological well-being. We also examined the associations between these variables and child characteristics such as externalizing and internalizing behaviors as well as autism symptomatology. We found significant support for an elevated rate of depressive symptoms in the sample of mothers (35%) and some potential indicators for heightened rates of anxiety (15%) when compared to normed samples and rates in the general population. We also found that the mothers presented with an atypical HRV profile akin to those experiencing depression or chronic stress, although limitations of the present measure suggest the need for additional confirmatory research. Further, we found that child externalizing behaviors were the primary correlates of maternal well-being. These findings contribute to the growing body of literature regarding the unique challenges faced by these mother-child dyads and supports the importance of increasing the availability of services available to these mothers, not only for meeting the needs of their children's development and behavior, but in supporting their own well-being as well.
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INTRODUCTION

Considerable research has shown the importance of parenting in supporting typically developing (TD) children's development across multiple domains, including academic achievement and social emotional development (1, 2). Parenting also contributes to the development of children with neurodevelopmental disabilities, such as those with autism spectrum disorder [ASD; (3)], Down syndrome [DS; (4)], or fragile X syndrome [FXS; (5–7)]. However, parents of children with neurodevelopmental disabilities face challenges to parenting, such as increased effort to help their child achieve daily tasks as well as pessimism regarding their child's future compared to parents of TD children (8, 9). Moreover, these parents are often engaged in high levels of advocacy on behalf of their children from birth [or receipt of diagnosis; (10)] and persists through adulthood as they advocate for job placements and more (11). These parents often shoulder additional financial demands surrounding the cost of specialized therapies and health care for their children (12). Parents of children with neurodevelopmental disabilities may also be required to deal with child challenging behaviors, such as aggression and hyperarousal (13, 14), limitations in child adaptive functioning (15–17), as well as social (18, 19) and academic challenges (20, 21), all of which can further contribute to higher caregiver burden and stress. At the same time, however, there are between-syndrome differences in how parents fare; for example, parents of children with FXS often experiencing higher rates of parenting stress and greater impacts to their mental health and well-being relative to parents whose children have Down syndrome [e.g., (8, 22)]. In the case of biological mothers of children with FXS, they are carriers of the genetic alteration that is the source of their children's FXS and a subset may themselves be at an increased risk for anxiety and depression or more subtle symptoms of emotionality such as negative affect in part because of carrying the alteration although genetic factors play a moderating role as well (23–26). Thus, biological mothers of children with FXS are at risk for poorer mental health and stress, which could affect their parenting, by virtue of both their own genetic vulnerabilities and their children's characteristics. These mother-child dyads could benefit from increased support and services to help achieve optimal outcomes for the entire family system. The study reported here focused on understanding the sources of stress and poor psychological well-being in biological mothers of children with FXS to inform the development and delivery of support and services.


Genetics of Fragile X Syndrome

FXS is the leading inherited cause of intellectual disability and the leading single-gene cause of autism spectrum disorder [ASD; (27, 28)]. FXS is one of several conditions resulting from repetitions of the trinucleotide sequence, CGG, of the fragile X mental retardation 1 (FMR1) gene (29). The length of the CGG repeat expansion can ultimately impact neuronal functioning by impacting production of the Fragile X Mental Retardation Protein (FMRP). Expansions between 55 and 200 are considered premutations, which occur in 1 in 151 females and is somewhat less common in males (30). Individuals with expansions of 200 or more have the full mutation and are most likely to display the behavioral and physical features of FXS (31). Males with the full mutation are more affected than females, on average, because females benefit from the protective effects of a second unaffected X chromosome (32).

Although premutation carriers do not typically have an intellectual disability or display the challenging behaviors associated with FXS, they do have their own unique phenotypic features. Female carriers of the FMR1 premutation, for example, are more likely to experience mental health related issues such as anxiety and depression (33), as well as physical health complications such as early onset of menopause, infertility, and irregular menstrual cycles reflecting fragile X-associated primary ovarian insufficiency [FXPOI; (34, 35)]. Thus, these women present with a complex physical and emotional phenotypic profile that warrants treatment and support, especially when considering the added impacts of parenting a child with special needs.



Psychological Well-Being and Parenting Stress in Biological Mothers of Children With Fragile X Syndrome

Individual mental health affects the quality of interactions within a family (36). Biological mothers of individuals with FXS themselves have either the FMR1 full mutation or, more commonly, the FMR1 premutation. Thus, a subset of these mothers are at increased risk for mental health concerns, such as depression (37) and anxiety (38, 39), which can affect their parenting. In addition, biological mothers of youth with FXS are more pessimistic about the youth's future, perceive less reciprocated closeness in the parent-offspring relationship, and display more symptoms of depression (8). Mothers of children with FXS have also self-reported lower quality of life (40). Importantly, there is variability among mothers with the FMR1 premutation in symptom presentation, which may be attributed in part to individual differences in genetic susceptibility and differences in their responses to the stress of raising a child with a disability (25, 41). Moreover, there are biological and social determinants that might explain at least some of the variability in symptom expression including cognitive abilities and life stressors (24, 25, 42). Thus, understanding the source(s) of lowered maternal well-being beyond genetic susceptibility is important for determining optimal paths toward treatment (40).

Children with FXS often display challenging behaviors, such as those consistent with a diagnosis of ASD (43–45), restricted and repetitive behaviors (46, 47), self-injurious behaviors (48), as well as increased rates of anxiety (49, 50). These co-occurring problems impact levels of parenting stress and parental well-being over time (5, 8, 13, 22, 26). Further, high levels of parenting stress may exist throughout the course of the child's development, starting at the time of diagnosis and continuing well into adolescence and adulthood (51). This heightened and prolonged experience of stress can have lasting impacts on the overall health of parents (52, 53). FMR1 premutation carriers are at an increased risk for developing additional physical health issues, including thyroid disease, hypertension, seizures, peripheral neuropathy, and fibromyalgia (54), which may also contribute to parental stress. Thus, it is important to understand the extent, sources, and consequences of stress experienced by parents to determine ways to better promote health and well-being.



Measuring Parenting Stress in Mothers of Youth With FXS

Although the vast majority of studies characterizing parenting stress in studies of FXS has involved self-report measures (13, 55), self-report is non-objective and more likely to lead to spurious relationships compared to more objective measures of stress, such as physiological indicators (56). Therefore, in recent years there has been increasing research exploring whether more objective indices of stress, such as physiological markers like cortisol (57, 58), electrodermal activity [EDA; (59)], and heart rate measurements (60, 61) can help us better understand the health and well-being of parents of youth with neurodevelopmental disabilities (62, 63). Measures of the functioning of the autonomic nervous system (ANS) have often been targeted due to its impact on overall health and its role in support of emotional regulation (64) and stress management (65). ANS health and functioning is often indexed by the measurement of heart rate variability (HRV). As opposed to heart rate, which is the continuous beat of the heart, HRV is the time in between heart beats. HRV can be considered under a baseline, or non-stressful at-rest, condition, as well as under a stressful situation for an index of stress reactivity. High HRV at rest reflects overall positive health and optimal emotional regulation (66, 67), and has been associated with increased responsiveness and adaptation to the environment (68). In otherwise healthy individuals, a low HRV at rest could be an indicator of depression (66, 69, 70) or chronic stress (71, 72). Further, the default physiological stress response is characterized by an increase in heart rate, and thus a decrease in HRV, after being exposed to a stressor before ultimately returning to baseline levels (73). Importantly, maladaptive stress responses have been linked to depression (69) and anxiety (74).

There is limited evidence on how HRV and parenting stress are related in parents of individuals with neurodevelopmental disabilities. In a recent study, however, Factor et al. (60) found preliminary support for an atypical stress response as measured by HRV during interactions between mothers and their children with ASD. Specifically, Factor et al. found a positive association between child ASD symptoms and mothers change in HRV, such that a higher rate of symptoms of ASD was related to a larger increase in HRV from baseline. In terms of FMR1 premutation carriers, a study by Klusek et al. (75) quantified respiratory sinus arrhythmia, an estimate of vagal tone and a metric comparable to HRV, and found support for ANS dysregulation through the observation of reduced vagal tone when compared to study controls. Identifying and treating atypical ANS functioning is especially critical given its relationship to long term health outcomes and therefore should be explored further in this already vulnerable population of FMR1 carriers. For instance, more research is needed to understand how ANS dysregulation in premutation carriers might be impacted due to parenting stress in particular as well as across other measures of ANS processes which might yield different insights into this complex system. It is also of importance to understand how these mechanisms work in relation to more real-world stressors and interactions such as those between the mother and their child.



Current Study

Although previous research supports the notion that characteristics of both the child and the mother impact maternal psychological well-being and parenting stress in mothers of children with FXS, more work is needed in which self-report measures are supplemented by physiological measures of stress and well-being. The inclusion of physiological measures, such as the HRV measures used in this study, may provide a window into the biological origins and consequences of maternal perceptions of their experiences, including the challenges of raising a child with developmental delays. The present study used multimodal assessment data, including physiological measures, from mothers and their school-aged children with FXS to further understand maternal mental health, stress, and well-being as they relate to child characteristics. We focused on school-aged children given evidence that parenting stress is highest when children with disabilities are between the ages of roughly 6–11 or 12 years (76, 77). Further, given the importance of understanding how mothers of youth with FXS are faring in their everyday environment, we collected data through online questionnaires, wearable physiological wristbands, interviews with the mother as well as direct assessment of maternal cognitive abilities, and real-time observations of mother-child interactions in the home by means of distance teleconferencing. This form of data collection allowed us to gain more naturalistic and ultimately more generalizable data as well as eased the burden on the families with regards to needing to travel for participation. Two primary hypotheses were addressed:

(1) Given their genetic status as carriers of the FMR1 premutation or full mutation (26), biological mothers of children with FXS, on average, were expected to display elevated rates of mental health symptoms, especially depression and anxiety (39), and parenting stress (41) relative to the general population. We tested this hypothesis using not only self-report measures of well-being but also objective physiological measurement (HRV), making it possible to determine the correspondence between maternal perceptions and physiological indices. We also examined variability in such symptoms among the mothers.

(2) Increased maternal mental health symptoms, higher maternal-reported parenting stress (8), and atypical ANS regulation, as measured by HRV (60, 75), were expected to be associated with increased child challenging behavior and symptoms of ASD.




MATERIALS AND METHODS


Participants

Twenty-two mother-child dyads were recruited to participate in a larger study profiling the characteristics of mothers and children with FXS and how these characteristics impact the mother-child interaction. Of the 22 dyads enrolled, 2 discontinued prior to starting data collection and one discontinued after completing only the study questionnaires detailed below. All mothers provided electronic informed consent on behalf of themselves as participants and for their participating child prior to beginning data collection. Families were recruited from around the United States and from Canada through community listservs, university research volunteer registries, and existing lab databases or previous participants. Child participants had a confirmed diagnosis of the full mutation FXS, documented through diagnostic reports shared by parents, and were between 6 and 11 years of age. Both male and female children were recruited to participate (16 males and 4 females) along with their biological mothers. The sample was racially diverse with child participants distributed as follows: 55% White, Non-Hispanic/Latinx, 5% American Indian/Alaskan Native, 5% Black or African American, 15% Hispanic/Latinx, and 20% were multicultural (with 3 of the 4 multicultural families identifying as both Black/African American and White and 1 identifying as American Indian/Alaskan Native and White). Additional eligibility criteria for the child participants were that the child lived at home with the biological mother and that English was the primary language used in the home.

Biological mothers were recruited due to their genetic susceptibility to mental health challenges and increased rates of parenting stress. The participating mothers self-reported on their FMR1 carrier status, with two mothers having the full mutation, 16 had the premutation, and two never received testing and, therefore, did not know their carrier status. Mothers ranged in age from 28 to 47 years and in IQ from 81 to 131 on the General Ability Measure for Adults [GAMA; (78)]. Participating mothers were 60% White, Non-Hispanic/Latinx, 5% Black or African American, 15% were Hispanic/Latinx, and 20% were multicultural (with 50% indicating both American Indian/Alaskan Native and White and the other 50% indicating both Black/African American and White). Household incomes for the participating families ranged from between 30,001 and 35,000 annually to more than 300,000 annually. For a complete summary of participant characteristics and household information (see Table 1). Overall, the current study sample reflects a largely educated and well-resourced sample of mothers, which is a consistent limitation reported in other studies of this kind in this population [e.g., (5)]; however, the present sample is more culturally diverse than is typical.


Table 1. Study participant and household demographics.

[image: Table 1]



Procedures

Families were asked to use their own technology for video teleconferencing (i.e., personal tablets or computer). However, in cases in which a family did not have access to technology of their own, we provided a device equipped with video teleconferencing software (e.g., Skype for BusinessTM) and the other applications required to complete the assessments from a distance. Most of the mothers elected to use their own technology, with only two mothers needing technology to be provided. All mothers were provided an Empatica E4 physio-wristband to assess physiological data of the mother in real time. In addition to the physio-wristbands, a wordless picture book and standardized assessment materials were provided. Upon receiving the materials, study staff conducted a technology training session to orient the mother to the technology to be used and to set-up the home environment for optimal data collection. Data were collected by the first author (LB) through a combination of mother-completed online questionnaires, mother interviews, remotely conducted direct assessment of maternal cognitive ability, physiological data, and direct observations of mother-child interactions. Data collection occurred across several distance sessions. All technology applications were HIPAA compliant and, when provided, all computers were encrypted to the specification of the UC Davis Health System.



Child Measure

In order to provide a comprehensive view of the child factors that were hypothesized to impact maternal well-being and parenting stress, the below measures were collected (Table 2). Measures of child language ability were also derived from the mother-child narratives; however, those measures are not included in this report.


Table 2. Means and standard deviations for child and maternal measures.
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Vineland-3

The Vineland-3 (79) was used to assess child adaptive functioning. The Vineland-3 provides scores for specific adaptive behavior domains (i.e., Communication, Daily Living Skills, and Socialization, as well as an overall adaptive behavior composite). The Vineland-3 meets American Association on Intellectual and Developmental Disabilities and DSM-5 requirements for identifying impairments in adaptive behavior as one key component in identifying an intellectual disability. The Vineland-3 was administered as an interview with the mother via distance video teleconferencing. For the purposes of the current study, we used the adaptive behavior composite standard score as a proxy for child developmental level, with scores in the present sample ranging from 40 to 127 (M = 67.11, SD = 18.66). Higher scores reflect more advanced developmental levels. One mother-child dyad discontinued with only partial data collection; therefore, the Vineland-3 was only collected on 19 of the youth participants.



Childhood Autism Rating Scale, Second Edition (CARS-2)

Child symptoms of ASD were also assessed using the CARS-2 (80), which is a measure used to identify children with autism and determine symptom severity through quantifiable ratings based on direct observation. The CARS-2 format lends itself readily to use via telehealth. The CARS-2 was coded by trained research staff from the recorded mother-child interaction in which the mother and child told a wordless picture book together. Child total scores on the CARS-2 were used as an indicator of symptom severity (with scores between 15 and 29 reflecting minimal-to-no symptoms of ASD, scores between 30 and 36.5 reflecting mild-to-moderate symptoms of ASD, and scores of 37 and higher reflecting severe symptoms of ASD). Scores in the present sample of youth ranged between 16 and 42 (M = 28.74, SD = 6.17). One mother-child dyad discontinued with only partial data collection; therefore, the CARS-2 was only scored for 19 participants.



Child Behavior Checklist for Ages 6–18 (CBCL:6-18)

The CBCL (81) is a parent-report measure of child challenging behaviors and was used to assess child challenging behaviors. The measure creates a composite T-score of both externalizing and internalizing behaviors as well as an overall total challenging behavior T-score. The CBCL was collected on all 20 of the youth participants with scores ranging between 39 and 75 for internalizing (M = 57.10, SD = 8.01), 34 and 69 for externalizing (M = 53, SD = 9.42) and between 41 and 74 for total behaviors (M = 59.85, SD = 9.31).




Maternal Measures

In order to provide a comprehensive view of maternal factors we collected information regarding mental health status as well as stress (self-reported and physiological, see Table 2), in addition to the more descriptive characteristics such as FMR1 carrier status and cognitive ability described previously:


General Ability Measure for Adults (GAMA; Naglieri and Bardos, 1997)

The GAMA (78) is a 66-item, self-administered timed test (e.g., 25 min) that assesses general cognitive ability of individuals 18 years and older and has been redesigned for implementation via telepractice. For this study the mother and research staff (LB) connected via video teleconferencing with LB proctoring the administration in real-time. The GAMA was collected on 19 mothers.



Symptom Checklist 90-Revised (SCL-90-R)

The SCL-90-R (82) is a 90-item informant report of current psychological problems and symptoms of psychopathology. For each subscale as well as the Global Severity Index (GSI), scores are reported based on a T score distribution with a mean of 50 and standard deviation of 10. T-scores that are ≥63 are considered to be in the clinically significant range (82). In light of the expected phenotype of premutation carriers, we used scores only from the anxiety and depression subscales. The SCL-90-R was adapted to an online questionnaire format and collected for all 20 of the participating mothers.



Parenting Stress Index, Fourth Edition (PSI-4)

The PSI-4 (83) is a 120-item informant report questionnaire to be completed by the mother. It contains three major domains of stress: child characteristics, parent characteristics, and situational/demographic life stress. Percentile scores from the PSI-4 are commonly used to interpret clinical status of the parent informant; however, T-scores are also provided based on a normal distribution with a mean of 50 and standard deviation of 10 and are used in subsequent analyses. The PSI-4 was adapted to an online questionnaire format and was collected for all 20 of the participating mothers.



Physiological Markers of Stress

Empatica E4 wristbands were used to collect physiological data as a marker of parenting stress in real time. The E4 wristband is a wearable research device designed to collect reliable metrics of stress and health physiology through heart rate measurements and electrodermal activity and is comparable to more clinical based measures including ECG monitors (84, 85). The E4 wristband is equipped with PPG sensors that measure the Blood Volume Pulse (BVP), from which heart rate variability can be derived. The PPG data allows derivation of inter-beat interval (IBI) and thus, HRV. The Empatica E4's algorithm automatically detects abnormal or anomalous heartbeats, often created by motion artifacts, and removes them prior to creating the IBI file, thereby leaving only accurate heartbeats. IBI data files were further inspected visually for any remaining anomalies in the data caused by motion artifacts. From the extracted IBI data, we computed the standard deviation of the IBI of normal sinus beats (SDNN) as our measure of HRV (86). Mothers wore the physio-wristband for 5-min during a baseline, or non-stress inducing, activity (i.e., watching a video of waves crashing on the computer), as well as during the shared telling of a wordless picture book with their child. One mother did not complete either the mother-child interactions or collect physiological data and thus is considered missing for all of the physiological data analyses. Further, one mother encountered technology issues with the wristband and was thus missing data for both contexts, and two other mothers inadvertently turned the watch off after the baseline context and resulting in missing data for the interaction context. Thus, we had useable baseline physiological data for 18 mothers and complete data (i.e., baseline and dyadic interaction with the child) for 16 mothers.




Data Analysis Plan

To address our first hypothesis, we provided descriptive summaries of symptom severity and stress profiles for the present sample of mothers and computed a series of one-sample t-tests using mean T-scores for the study participants against the normative samples for the measures of interest. To address our second hypothesis, we conducted a series of Pearson correlations to examine potential associations between the mother and child variables of interest. Multiple linear regressions were also computed to assess the combined impacts of child characteristics on factors of maternal well-being. Shapiro-Wilk tests of normality were conducted for the primary variables of interest. No tests yielded significant results and thus, the assumptions of normality were met and parametric tests were used in all analyses. To address the potential for Type 1 error due to multiple statistical tests, we conducted Benjamini-Hochberg False Discovery Rate correction. We present both the uncorrected significance levels and flagged significant findings that remained after correction. Analyses were conducted using SPSS statistics software.




RESULTS


Profile of Mothers Mental Health and Parenting Stress

On average, the mothers in the present sample achieved scores above the means for the general population across a variety of indices of mental health and parenting stress. On the SCL-90-R, the mothers had T-scores between 34 and 71 (M = 57.15, SD = 9.47) on the depression subscale, scores between 37 and 68 (M = 50.55, SD = 10.70) on the anxiety subscale, and scores between 37 and 68 (M = 54.80, SD = 10.55) on the Global Severity Index (GSI). Further, 35% of the mothers reported depressive symptoms consistent with a “case” (i.e., a T-score ≥63 reflecting symptom expression consistent with a clinical diagnosis), which is a notably higher percentage than the national average, which ranges between 10.1% in women between the ages of 20–39 years to 11.5% in women between the ages of 40–59 years (87). The mothers in the present sample also included a higher rate of anxiety “cases,” with a rate of 15% compared to 3.4% for generalized anxiety disorder in the general population of women (88). We further explored how this sample of mothers compared to the normative samples used to develop the measures using t-tests and a comparison value of 50 as the hypothesized mean based on a normal distribution. The present sample of mothers reported significantly higher levels of depression [t(19) = 3.38, p < 0.01], but not significantly higher levels of anxiety. The GSI for the mothers was marginally higher than that of the norming sample [t(19) = 2.04, p = 0.056; Figure 1]. Moreover, there was some comorbidity of symptom expression with 15% of the mothers reporting symptoms consistent with “caseness” for both depression and anxiety. Lastly, in an exploratory analysis examining how social determinants might relate to the various features of maternal well-being, we found a significant and negative correlation between maternal IQ and depression scores [r(19) = −0.471, p < 0.05].


[image: Figure 1]
FIGURE 1. One-sample t-tests between maternal self-report of mental health symptoms against the normed sample of the SCL-90-R. **p < 0.01; t p = marginally significant. Red horizontal line indicates the normed sample mean of 50.


With regards to parenting stress, the mothers in the current study achieved T-scores between 38 and 91 (M = 62.55, SD = 11.88) on the child domain, between 35 and 75 (M = 53.20, SD = 9.26) on the parent domain, and scores between 36 and 86 (M = 58.20, SD = 10.68) for total parenting stress. To compare the study sample of mothers against the normative sample, we again used t-tests for the PSI-4 scores following the same procedures outlined above. Results from the PSI-4 indicated that the mothers in the current study reported significantly higher levels of stress in the child domain [t(19) = 4.72, p < 0.001] and in total stress [t(19) = 3.43, p < 0.01], but not in the parent domain than did the norming sample (Figure 2). Further, because percentiles are suggested for clinical interpretation on the PSI-4, we examined the distribution of percentile scores in the present sample of mothers with scores below the 85th percentile being within the normal range, scores between the 85th and 89th percentile within the high range and scores in the 90th percentile and higher being considered clinically significant. Percentile scores ranged from 9 to 99% (M = 79.05%, SD = 23.26) for the child domain, 3 to 99% (M = 61.95%, SD = 26.43) on the parent domain, and between 3 and 99% (M = 72.20%, SD = 23.79) for total stress. Notably, the mothers scored within the clinically significant range at a higher than expected rate of 10% for the normative sample in two instances: 30% of the mothers scored within the clinically significant range for the child domain and 20% scored within the clinically significant range for total stress level. For the remaining PSI-4 domains, maternal scores for were more consistent with the expected distributions from the normative sample, with 15% of the mothers scoring within the high range on the child domain, 10% of the mothers scoring within the clinically significant range for the parent domain (all others were within the normal range), and 15% scoring within the high range for total stress.


[image: Figure 2]
FIGURE 2. One-sample t-tests between maternal self-report of parenting stress against the normed sample of the PSI-4. ***p < 0.001; **p < 0.01. Red horizontal line indicates the normed sample mean of 50.


The final metric of stress was HRV collected during the baseline activity (sitting while watching a video of waves crashing) and during an interaction with their child (sitting while telling a wordless picture book story with their child). There was a significant difference between the two conditions (t = −4.241, p < 0.01) with mothers in the current study having an HRV between 17.65 and 72.03 ms (M = 50.09 ms, SD = 16.04) during the baseline activity and an HRV between 30.31 and 109.94 ms (M = 67.36 ms, SD = 22.34) during the wordless picture book interaction with their child. Change in HRV between the two contexts ranged from a decrease of 15.16 ms to an increase of 48.87 ms, with a mean increase in HRV between the two contexts of 17.17 ms (SD = 15.15). On average, the profile of stress reactivity in the mothers in the present study contrasts with that expected for a typical and healthy stress response (73) and more comparable to individuals experiencing depression (89) or chronic stress (90).

Further, Shaffer and Ginsberg (86) suggest that individuals who have an HRV below 50 ms during a resting condition are unhealthier, those with HRV between 50 and 100 ms have compromised health, and those with HRV over 100 ms are healthy. Based on these guidelines, 44% of the mothers had a resting HRV in the unhealthy range (i.e., below 50 ms during the baseline activity), and the remaining 56% had a resting HRV in the compromised health range. In contrast, another study examining the average HRV in the general healthy population suggests an approximate HRV of 50 ms with a standard deviation of 16 (91), which is quite similar to the findings for the present sample of mothers as well.



Maternal Well-Being as It Relates to Child Characteristics

A series of two-tailed, Pearson correlations were computed to assess relationships between measures of maternal well-being and child characteristics. For self-report measures of maternal mental health and parenting stress, we found that child externalizing behaviors, as measured by the CBCL, were positively correlated with all the maternal variables of interest (see Table 3; Figure 3), and this finding remained significant after FDR correction. Further, we found that child adaptive behavior, as measured by the Vineland-3, was also significantly and negatively correlated with the child domain score on the PSI-4; however, this correlation was no longer significant after the FDR correction. To assess the combined effects of child externalizing behaviors and child adaptive functioning on the child domain scores on the PSI-4, we computed a multiple linear regression. The overall model was significant [F(2, 17) = 14.239, p < 0.001, R2 = 0.648], with child externalizing behaviors emerging as the only unique predictor (t = 3.89, p < 0.01). There were no significant associations between child characteristics and HRV.


Table 3. Correlations between maternal measures of mental health and stress and child characteristics.
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FIGURE 3. Scatterplots of associations between child externalizing behavior and maternal mental health status and parenting stress.





DISCUSSION

The present study was designed to build on previous research by exploring the phenotypic characteristics of biological mothers of children with FXS and determine how child characteristics might contribute to aspects of maternal well-being. All data were collected in the family home through various forms of technology, from video teleconferencing to digital wearables, through virtual interactions. Although preliminary because of the relatively small sample size, the findings from the current study are consistent with and extend previous findings regarding the compromised psychological well-being of at least a subset of biological mothers of children with FXS [e.g., (23, 39)], thereby suggesting that remote data collection yields similar findings as does questionnaire-based and in-person studies. This study also provided novel findings as regards to physiological measurement of stress suggesting through wearable technology to measure heart rate, demonstrating the feasibility of distance data collection though wearable technology. More generally, the findings indicate elevated rates of depression and parenting stress, as measured through both self-report and a physiological measure (HRV), in biological mothers of children with FXS as well as a relationship between child externalizing behavior and different facets of maternal psychological well-being. These findings highlight the need to address the mental health and stress facing mothers as well-target child challenging behaviors to help achieve optimal family functioning.


Profiles of Maternal Well-Being

Consistent with previous findings in the literature, the mothers in the present study had elevated rates of depression compared to the general population (33, 37). In contrast to previous studies showing higher rates of anxiety in FMR1 carriers (38, 39), the mothers in the present study were not significantly higher in anxiety when compared to the normative sample; however, the difference relative to the general population just failed to reach statistical significance and could be attributed to a lack of power given our sample size. Thus, the risk for anxiety disorders in these women should not be ignored. Given the importance of mental health to overall physical health and well-being and to the quality of parenting, support should be made available routinely to these mothers in order to help them deal with, or even prevent, these mental health challenges. Although in the larger literature, symptoms of depression and anxiety have been shown to positively respond to pharmaceutical treatments and interventions such as seeing a counselor/therapist in the general population, the efficacy of these treatments has not been fully explored in this specific population. It is also possible that increased support (92), counseling (93), and respite services (94) provided to parents, and particularly at critical points in the development of the individual with FXS (e.g., the transition to school, the onset of puberty), could even prevent or forestall the mental health challenges experienced by these mothers. Future research should consider how we can capture the current use of such services as well as their efficacy given the unique phenotypic characteristics and experiences of biological mothers of children with FXS.

In addition to individual mental health and well-being, because of the nature of their maternal caregiving role for children with special needs, we also explored their profiles of parenting stress. The mothers in the present study had significantly higher feelings of parenting stress, especially with regards to child-associated stressors, when compared to a normative sample of parents. This finding is also consistent with the literature in that mothers of children with neurodevelopmental disabilities such as FXS are at elevated risk of experiencing parenting stress when compared to those of more typically developing children (22, 95). Given the fact that the caregiver role for parents extends well-beyond what is typical given the high level of dependence individuals with FXS require, even into adulthood (96), these mothers are also at a risk for experiencing chronic stress that ultimately could negatively impact their overall physical as well as mental health (97). Importantly, there is evidence to suggest the importance of increasing self-care practices in such chronically stressed caregivers in supporting stress management (98, 99). Indeed, a recent study has documented the benefits of a mindfulness training intervention for FMR1 premutation carriers (100). This potential area for intervention is particularly important given recent findings by Wheeler et al. (101), suggesting that mindfulness played a protective roll across multiple metrics of maternal well-being, including anxiety, depression, stress, and overall health. Perhaps mindfulness could be thought of as not only a way to provide coping strategies for parents experiencing elevated levels of stress and poor well-being, but also a preventive strategy to avoid poor psychological well-being in these women. Moreover, continued implementation of behavioral interventions that target child characteristics such as those found to relate to maternal well-being and parenting stress in the present sample (e.g., externalizing behaviors like irritability, aggression, etc.) are paramount to the meeting the needs of the whole family especially when parents are included in their child's treatment plan [e.g., through parent mediated interventions; (102, 103)].

In addition to self-report measures of parenting stress and well-being, a novel aspect of the present study, we also explored the role HRV plays in understanding maternal stress and overall health and well-being in this population of mothers. We considered maternal HRV across two contexts, first during a seated resting state/non-stressful activity and then during a seated interaction with their child (e.g., telling a story together) that followed immediately. From a review of the larger literature, it is thought that a higher resting HRV is indicative of physiological resilience to stressors and that further, in healthy individuals, when they are faced with a stressor, a typical profile is for HRV to decrease in response (72), although there is considerable individual variability and some inconsistency across studies in this regard (69). In the present study, mothers had relatively low HRV during the resting condition which then increased on average during the mother-child interaction. Notably, this HRV profile is consistent with those seen in individuals with depression (104), as well as in those who are experiencing chronic stress (71, 105). Thus, our findings suggest a convergence of self-report and HRV in mothers who carry either full mutation or premutation at least in regards to depression. Given the relatively short time period of measurement and limited contexts of measurement in this study (i.e., 5 min during the baseline context and an average of 7 min during the mother-child interactions), it is not possible to discern whether the physiological findings are more indicative of traits or transient, situationally determined, states of stress. This should be explored further through the use of longer term HRV measurement across multiple contexts, as well as through other physiological indices of the ANS such as EDA and vagal tone. Moreover, the nature of such parent-child interactions (e.g., the presence of child challenging behaviors, preferred vs. non-preferred tasks, etc.) should be explored further to identify why they might elicit a greater stress response from these parents and how supports can most effectively be implemented. Moreover, although we removed motion artifacts from the data and both the baseline and dyadic interaction contexts entailed the mother being seated, it is possible that more subtle physical movements occurred in the two contexts. Future research should include additional control for movement as well as a similarly assessed and appropriately matched comparison group of mothers and their typically developing children to ensure that the differences in context we observed are, in fact, non-normative.

Although the HRV profiles observed in this study are consistent with what we found through parent self-report, exploratory analyses indicated no relationship between HRV and self-report indices of stress and well-being for the mothers in the present study (Table 3). This lack of relationship is, however, consistent with other studies of a similar nature looking at HRV in premutation carriers (75) and mothers of children with ASD (60) providing reason to believe that these two metrics capture different components of the individual's functioning and should, therefore, be further explored in tandem to gain a complete picture. Further, as with the findings for self-report measures of stress and well-being, mindfulness interventions impact HRV in positive ways as well (106, 107) and thus, could prove even more beneficial in populations such as mothers of children with FXS who display concerning profiles on both metrics of stress. Further, additional characteristics of the mother should be considered when implementing treatments. For instance, our finding regarding the relationship between depression and IQ might also suggest the need for different approaches to intervention among mothers of children with FXS.



Child Determinants of Maternal Well-Being

Lastly, we found considerable support for the role that the behavioral profile of the child with FXS, especially his or her level of externalizing behavior, plays in various aspects of maternal well-being; again, consistent with previous findings. Though limited by a small sample size and measurement at a single time point, which leaves the causal direction of the relationship unclear, the association between the two is consistent with the basic principles of the transactional model of development. In particular, the relationships are indicative that the child and their environment are bidirectionally interconnected (108). Thus, in addition to supporting the mother as the individual, it is important to continue building upon prior work aimed at optimizing child outcomes, which could ultimately also have an added benefit for the well-being of the mother.



Limitations

This project is limited by a small sample size and thus many of our conclusions are considered preliminary and in need of further examination in a larger sample. This data set is also limited due to its lack of comprehensive information on genetic affectedness on behalf of the mothers beyond self-report of carrier status and thus future studies should explore more nuanced measures of genetic susceptibility to well-being not able to be examined here. Further, the mothers represented a relatively well-educated and resourced group and thus more work is needed to discern how our findings might generalize to a more under resourced sample. Also, given that data were collected at only one time point, future work would benefit from a more longitudinal approach to determine the bidirectional relationships of the associations we found. At the same time, the present sample of families was racially diverse, which may have been an outcome of our use of fully remote data collection procedures. These procedures may also have increased the representatives of the responses and behaviors of study participants who were able to complete the study in the familiar setting of the family home largely on a schedule that was maximally convenient for them. The inclusion of both self-report and physiological measures of stress was an additional positive and innovative feature of the study.

It is of note that our data collection was partially impacted by the COVID-19 pandemic, which contributed somewhat to recruitment challenges as well as contributing to one mother discontinuing early. Although in some instances, we observed increased availability of families due to being home, it also increased the level of stress and uncertainty per parent report during screening calls and they felt less inclined to add more burden to their own or their child's schedule by participating in a study, even one that did not require leaving home. Further, with regards to the data that were collected, 10 of the mother-child dyads completed the study prior to shelter-in place orders and the remaining 10 dyads completed data collection during the pandemic. We did assess potential differences on the dependent measures of maternal stress and well-being and child challenging behavior and found no differences between the two groups of mother-child dyads. These findings suggest that perhaps the families had adapted to conditions of the pandemic and were no more or less stressed than in the pandemic during pre-pandemic life, although it must be acknowledged that the small sample size and limited statistical power makes any conclusions tentative.




CONCLUSIONS AND FUTURE DIRECTIONS

Overall, the profiles of mental health status and parenting stress are reflective of what is seen in the larger literature as well as the relationship between child challenging behaviors and maternal well-being, which provides continued implications for the roll that supporting child development and behaviors can ultimately have on aspects of maternal well-being. Further, there were unique findings derived from this study including unique physiological profiles of stress and well-being that were separate from more standard measures (e.g., questionnaires) of stress and well-being in FMR1 carriers. Moreover, a relative strength of this study is the use of multiple formats for measuring maternal well-being, including self-report as well as potentially more objective measures of well-being through the collection of maternal HRV. Another strength of the current study is the completion of the project entirely via distance through the use of video teleconferencing and online, electronically completed questionnaires. Further, implications across all of these findings support the need for dual support for both the mother and the child in order to achieve optimal outcomes. Despite the interconnectedness and importance of this relationship, however, there is a relative dearth of research on such combined interventions supporting multiple family members simultaneously.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Review Board at the University of California, Davis. All mothers provided electronic informed consent on behalf of themselves as participants and for their participating child prior to beginning data collection.



AUTHOR CONTRIBUTIONS

The submitted research was part of LB's dissertation research project. LB assisted with the design of the project and collected and analyzed all study data and wrote the corresponding manuscript. DH provided guidance on the statistical analysis plan. LA was the graduate advisor to LB and assisted her with the design of the project and oversaw data collection. All authors reviewed, edited, and approved this manuscript.



ACKNOWLEDGMENTS

We would like to thank the families that participated in this study as well as David Findley for his support in implementing the telehealth procedures and Breana Celest Vitela for her help in refining the coding procedures used in the larger study. We would also like to acknowledge our funding sources including NIH Grant P50HD103526 and the UC Davis Human Development Graduate Group, which provided research awards to LB to help support the completion of this project.



REFERENCES

 1. Borkowski JG, Ramey SL, Bristol-Power M (Eds.). Parenting and the Child's World: Influences on Academic, Intellectual, Social-Emotional Development. Mahwah, NJ: Psychology Press (2001). doi: 10.4324/9781410603616 

 2. Landry SH, Smith KE, Swank PR. The importance of parenting during early childhood for school-age development. Dev Neuropsychol. (2003) 24:559–91. doi: 10.1080/87565641.2003.9651911

 3. Siller M, Swanson M, Gerber A, Hutman T, Sigman M. A parent-mediated intervention that targets responsive parental behaviors increases attachment behaviors in children with ASD: results from a randomized clinical trial. J Autism Dev Disord. (2014) 44:1720–32. doi: 10.1007/s10803-014-2049-2

 4. Van Hooste A, Maes B. Family factors in the early development of children with Down syndrome. J Early Interv. (2003) 25:296–309. 

 5. Hauser CT, Kover ST, Abbeduto L. Maternal well-being and child behavior in families with fragile X syndrome. Res Dev Disabil. (2014) 35:2477–86. doi: 10.1016/j.ridd.2014.06.012

 6. Warren SF, Brady N, Sterling A, Fleming K, Marquis J. Maternal responsivity predicts language development in young children with fragile X syndrome. Am J Intellectual Dev Disabil. (2010) 115:54–75. doi: 10.1352/1944-7558-115.1.54

 7. Hessl D, Dyer-Friedman J, Glaser B, Wisbeck J, Barajas RG, Taylor A, et al. The influence of environmental and genetic factors on behavior problems and autistic symptoms in boys and girls with fragile X syndrome. Pediatrics, (2001) 108:E88. doi: 10.1542/peds.108.5.e88

 8. Abbeduto L, Seltzer MM, Shattuck P, Krauss MW, Orsmond G, Murphy MM. Psychological well-being and coping in mothers of youths with autism, down syndrome, or fragile X syndrome. Am J Mental Retard. (2004) 109:237–54. doi: 10.1352/0895-8017(2004)109<237:PWACIM>2.0.CO;2

 9. Keenan BM, Newman LK, Gray KM, Rinehart NJ. Parents of children with ASD experience more psychological distress, parenting stress, and attachment-related anxiety. J Autism Dev Disord. (2016) 46:2979–91. doi: 10.1007/s10803-016-2836-z

 10. Wright AC, Taylor S. Advocacy by parents of young children with special needs: Activities, processes, perceived effectiveness. J Soc Serv Res. (2014) 40:591–605. doi: 10.1080/01488376.2014.896850 

 11. McAlindon A. Preparing Those With Developmental Disabilities for Adulthood and Work: Parent Perspectives on Support Services. Washington, DC (2018). 

 12. Karpur A, Vasudevan V, Lello A, Frazier TW, Shih A. Food insecurity in the households of children with autism spectrum disorders and intellectual disabilities in the United States: Analysis of the National Survey of Children's Health Data 2016-2018. Autism. (2021) 25:2400–11. doi: 10.1177/13623613211019159

 13. Fielding-Gebhardt H, Warren SF, Brady NC. Child challenging behavior influences maternal mental health and relationship quality over time in Fragile X syndrome. J Autism Dev Disord. (2020) 50:779–97. doi: 10.1007/s10803-019-04308-2

 14. Kennedy CH, Richman DM. Preventing challenging behaviors in people with neurodevelopmental disabilities. Curr Dev Disord Rep. (2019) 6:188–94. doi: 10.1007/s40474-019-00177-7 

 15. Haveman M, van Berkum G, Reijnders R, Heller T. Differences in service needs, time demands, and caregiving burden among parents of persons with mental retardation across the life cycle. Family Relations. (1997) 46:417–25. doi: 10.2307/585101 

 16. Weiss JA, Sullivan A, Diamond T. Parent stress and adaptive functioning of individuals with developmental disabilities. J Dev Disabil. (2003) 10:129–36. 

 17. Hall HR, Graff JC. The relationships among adaptive behaviors of children with autism, family support, parenting stress, and coping. Issues Comprehen Pediatr Nursing. (2011) 34:4–25. doi: 10.3109/01460862.2011.555270

 18. Spain D, Sin J, Linder KB, McMahon J, Happé F. Social anxiety in autism spectrum disorder: A systematic review. Res Autism Spect Disord. (2018) 52:51–68. doi: 10.1016/j.rasd.2018.04.007 

 19. Roberts JE, Ezell JE, Fairchild AJ, Klusek J, Thurman AJ, McDuffie A, et al. Biobehavioral composite of social aspects of anxiety in young adults with fragile X syndrome contrasted to autism spectrum disorder. Am J Med Genet Part B: Neuropsychiatric Genet. (2018) 177:665–75. doi: 10.1002/ajmg.b.32674

 20. Braden ML. Academic interventions. In: Hagerman RJ, Hagerman PJ, editors. Fragile X, Syndrome: Diagnosis, Treatment, and Research, Baltimore, MD: The Johns Hopkins University Press (2002). p. 423–464. 

 21. Miller LE, Burke JD, Troyb E, Knoch K, Herlihy LE, Fein DA. Preschool predictors of school-age academic achievement in autism spectrum disorder. Clin Neuropsychol. (2017) 31:382–403. doi: 10.1080/13854046.2016.1225665

 22. Lewis P, Abbeduto L, Murphy M, Richmond E, Giles N, Bruno L, et al. Psychological well-being of mothers of youth with fragile X syndrome: Syndrome specificity and within-syndrome variability. J Intellectual Disabil Res. (2006) 50:894–904. doi: 10.1111/j.1365-2788.2006.00907.x

 23. Allen EG, Charen K, Hipp HS, Shubeck L, Amin A, He W, et al. Clustering of comorbid conditions among women who carry an FMR1 premutation. Genet Med. (2020) 22:758–66. doi: 10.1038/s41436-019-0733-5

 24. Hunter JE, Allen EG, Abramowitz A, Rusin M, Leslie M, Novak G, et al. Investigation of phenotypes associated with mood and anxiety among male and female fragile X premutation carriers. Behav Genet. (2008) 38:493–502. doi: 10.1007/s10519-008-9214-3

 25. Hunter JE, Leslie M, Novak G, Hamilton D, Shubeck L, Charen K, et al. Depression and anxiety symptoms among women who carry the FMR1 premutation: impact of raising a child with fragile X syndrome is moderated by CRHR1 polymorphisms. Am J Med Genet B Neuropsychiatr Genet. (2012) 159:549–59. doi: 10.1002/ajmg.b.32061

 26. Roberts JE, Bailey DB, Mankowski J, Ford A, Sideris J, Weisenfeld LA, et al. Mood and anxiety disorders in females with the FMR1 premutation. Am J Med Genet B Neuropsychiatr Genet. (2009) 150:130–9. doi: 10.1002/ajmg.b.30786

 27. Belmonte MK, Bourgeron T. Fragile X syndrome and autism at the intersection of genetic and neural networks. Nat Neurosci. (2006) 9:1221–5. doi: 10.1038/nn1765

 28. Hagerman RJ, Rivera SM, Hagerman PJ. The fragile X family of disorders: a model for autism and targeted treatments. Curr Pediatr Rev. (2008) 4:40–52. doi: 10.2174/157339608783565770 

 29. Nolin SL, Lewis FA, Ye LL, Houck Jr GE, Glicksman AE, Limprasert P, et al. Familial transmission of the FMR1 CGG repeat. Am J Human Genet. (1996) 59:1252.

 30. Seltzer MM, Baker MW, Hong J, Maenner M, Greenberg J, Mandel D. Prevalence of CGG expansions of the FMR1 gene in a US population-based sample. Am J Med Genet Part B: Neuropsychiatric Genet. (2012) 159:589–97. doi: 10.1002/ajmg.b.32065

 31. Garber KB, Visootsak J, Warren ST. Fragile X syndrome. Eur J Human Genet. (2008) 16:666–72. doi: 10.1038/ejhg.2008.61

 32. Hagerman RJ, Jackson C, Amiri K, O'Connor R, Sobesky W, Silverman AC. Girls with fragile X syndrome: physical and neurocognitive status and outcome. Pediatrics. (1992) 89:395–400.

 33. Gossett A, Sansone S, Schneider A, Johnston C, Hagerman R, Tassone F, et al. Psychiatric disorders among women with the fragile X premutation without children affected by fragile X syndrome. Am J Med Genet Part B: Neuropsychiatric Genet. (2016) 171:1139–47. doi: 10.1002/ajmg.b.32496

 34. Debrey SM, Leehey MA, Klepitskaya O, Filley CM, Shah RC, Kluger B, et al. Clinical phenotype of adult fragile X gray zone allele carriers: a case series. Cerebellum. (2016) 15:623–31. doi: 10.1007/s12311-016-0809-6

 35. Wheeler AC, Bailey DB Jr, Berry-Kravis E, Greenberg J, Losh M, Mailick M, Mila M, et al. Associated features in females with an FMR1 premutation. J Neurodev Disord. (2014) 6:30. doi: 10.1186/1866-1955-6-30

 36. King G, King S, Rosenbaum P, Goffin R. Family-centered caregiving and well-being of parents of children with disabilities: linking process with outcome. J Pediatr Psychol. (1999) 24:41–53. 

 37. Franke P, Maier W, Hautzinger M, Weiffenbach O, Gänsicke M, Iwers B, et al. Fragile-X carrier females: Evidence for a distinct psychopathological phenotype?. Am J Med Genet. (1996) 64:334–9. doi: 10.1002/(SICI)1096-8628(19960809)64:2<334::AID-AJMG20>3.0.CO;2-F

 38. Bailey DB, Raspa M, Olmsted M, Holiday DB. Co-occurring conditions associated with FMR1 gene variations: Findings from a national parent survey. Am J Med Genetics Part A. (2008) 146:2060–9. doi: 10.1002/ajmg.a.32439

 39. Bourgeois JA, Seritan AL, Casillas EM, Hessl D, Schneider A, Yang Y, et al. Lifetime prevalence of mood and anxiety disorders in fragile X premutation carriers. J Clin Psychiatry. (2011) 72:175–82. doi: 10.4088/JCP.09m05407blu

 40. Wheeler AC, Skinner DG, Bailey DB. Perceived quality of life in mothers of children with fragile X syndrome. Am J Ment Retard AJMR. (2008) 113:159–77.

 41. Seltzer MM, Abbeduto L, Krauss MW, Greenberg J, Swe A. Comparison groups in autism family research: Down syndrome, fragile X syndrome, and schizophrenia. J Autism Dev Disord. (2004) 34:41–8. doi: 10.1023/B:JADD.0000018073.92982.64

 42. Roberts JE, Tonnsen BL, McCary LM, Ford AL, Golden RN, Bailey, DB Jr. Trajectory and predictors of depression and anxiety disorders in mothers with the FMR1 premutation. Biol Psychiatry. (2016) 79:850–7. doi: 10.1016/j.biopsych.2015.07.015

 43. Abbeduto L, Thurman AJ, McDuffie A, Klusek J, Feigles RT, Brown WT, et al. ASD comorbidity in fragile X syndrome: Symptom profile and predictors of symptom severity in adolescent and young adult males. J Autism Dev Disord. (2019) 49:960–77. doi: 10.1007/s10803-018-3796-2

 44. Budimirovic DB, Kaufmann WE. What can we learn about autism from studying fragile X syndrome?. Dev Neurosci. (2011) 33:379–94. doi: 10.1159/000330213

 45. McCary LM, Roberts JE. Early identification of autism in fragile X syndrome: a review. J Intellect Disabil Res JIDR. (2013) 57:803–14. doi: 10.1111/j.1365-2788.2012.01609.x

 46. Smith LE, Barker ET, Seltzer MM, Abbeduto L, Greenberg JS. Behavioral phenotype of fragile X syndrome in adolescence and adulthood. Am J Intellectual Dev Disabilities. (2012) 117:1–17. doi: 10.1352/1944-7558-117.1.1

 47. Oakes A, Thurman AJ, McDuffie A, Bullard LM, Hagerman RJ, Abbeduto L. Characterising repetitive behaviours in young boys with fragile X syndrome. J Intellectual Disabil Res. (2016) 60:54–67. doi: 10.1111/jir.12234

 48. Wolff JJ, Hazlett HC, Lightbody AA, Reiss AL, Piven J. Repetitive and self-injurious behaviors: associations with caudate volume in autism and fragile X syndrome. J Neurodev Disord. (2013) 5:12. doi: 10.1186/1866-1955-5-12

 49. Cordeiro L, Ballinger E, Hagerman R, Hessl D. Clinical assessment of DSM-IV anxiety disorders in fragile X syndrome: prevalence and characterization. J Neurodev Disord. (2011) 3:57–67. doi: 10.1007/s11689-010-9067-y

 50. Lesniak-Karpiak K, Mazzocco MM, Ross JL. Behavioral assessment of social anxiety in females with Turner or fragile X syndrome. J Autism Dev Disord. (2003) 33:55–67. doi: 10.1023/A:1022230504787

 51. Barker ET, Mailick MR, Smith LE. Chronic parenting stress in mothers of adolescents and adults with autism: Vulnerability and resilience. Comprehen Guide Autism. (2014) 4:207–22. doi: 10.1007/978-1-4614-4788-7_9 

 52. Reed GM, McLaughlin CJ, Milholland K. Ten interdisciplinary principles for professional practice in telehealth: Implications for psychology. Professional Psychol Res Pract. (2000) 31:170. doi: 10.1037/0735-7028.31.2.170 

 53. Lovallo WR. Can exaggerated stress reactivity and prolonged recovery predict negative health outcomes? The case of cardiovascular disease. Psychosom Med. (2015) 77:212–4. doi: 10.1097/PSY.0000000000000173

 54. Coffey SM, Cook K, Tartaglia N, Tassone F, Nguyen DV, Pan R, et al. Expanded clinical phenotype of women with the FMR1 premutation. Am J Med Genet Part A. (2008) 146A:1009–16. doi: 10.1002/ajmg.a.32060

 55. Johnston C, Hessl D, Blasey C, Eliez S, Erba H, Dyer-Friedman J, et al. Factors associated with parenting stress in mothers of children with fragile X syndrome. J Dev Behav Pediatr JDBP. (2003) 24:267–75. doi: 10.1097/00004703-200308000-00008

 56. Grebner S, Elfering A, Semmer N. K, Kaiser-Probst C, Schlapbach ML. Stressful situations at work and in private life among young workers: an event sampling approach. Soc Indic Res. (2004) 67:11–49. 

 57. Seltzer MM, Greenberg JS, Hong J, Smith LE, Almeida DM, Coe C, et al. Maternal cortisol levels and behavior problems in adolescents and adults with ASD. J Autism Dev Disord. (2010) 40:457–69. doi: 10.1007/s10803-009-0887-0

 58. Wong JD, Seltzer MM, Greenberg JS, Hong J, Almeida DM, Coe CL. Stressful life events and daily stressors affect awakening cortisol level in midlife mothers of individuals with autism spectrum disorders. Aging Mental Health. (2012) 16:939–49. doi: 10.1080/13607863.2012.688191

 59. Ruiz-Robledillo N, Moya-Albiol L. Lower electrodermal activity to acute stress in caregivers of people with autism spectrum disorder: An adaptive habituation to stress. J Autism Dev Disord. (2015) 45:576–88. doi: 10.1007/s10803-013-1996-3

 60. Factor RS, Swain DM, Scarpa A. Child autism spectrum disorder traits and parenting stress: The utility of using a physiological measure of parental stress. J Autism Dev Disord. (2018) 48:1081–91. doi: 10.1007/s10803-017-3397-5

 61. Padden C, James JE. Stress among parents of children with and without autism spectrum disorder: a comparison involving physiological indicators and parent self-reports. J Dev Phys Disabil. (2017) 29:567–86. doi: 10.1007/s10882-017-9547-z

 62. Robinson AN, Roberts JE, Brady NC, McQuillin SD, Warren SF. Physiological correlates of maternal responsivity in mothers of preschoolers with fragile X syndrome. Am J Intellect Dev Disabil. (2016) 121:111–20. doi: 10.1352/1944-7558-121.2.111

 63. Hartley SL, Seltzer MM, Hong J, Greenberg JS, Smith L, Almeida D, et al. Cortisol response to behavior problems in FMR1 premutation mothers of adolescents and adults with fragile X syndrome: A diathesis-stress model. Int J Behav Dev. (2012) 36:53–61. doi: 10.1177/0165025411406857

 64. Kreibig SD. Autonomic nervous system activity in emotion: a review. Biol Psychol. (2010) 84:394–421. doi: 10.1016/j.biopsycho.2010.03.010

 65. Ulrich-Lai YM, Herman JP. Neural regulation of endocrine and autonomic stress responses. Nat Rev Neurosci. (2009) 10:397–409. doi: 10.1038/nrn2647

 66. Appelhans BM, Luecken LJ. Heart rate variability as an index of regulated emotional responding. Rev Gene Psychol. (2006) 10:229–40. doi: 10.1037/1089-2680.10.3.229 

 67. Yaroslavsky I, Rottenberg J, Kovacs M. Atypical patterns of respiratory sinus arrhythmia index an endophenotype for depression. Dev Psychopathol. (2014) 26(4 Pt 2):1337–52. doi: 10.1017/S0954579414001060

 68. Thayer JF, Brosschot JF. Psychosomatics and psychopathology: looking up and down from the brain. Psychoneuroendocrinology. (2005) 30:1050–8. doi: 10.1016/j.psyneuen.2005.04.014

 69. Hamilton JL, Alloy LB. Atypical reactivity of heart rate variability to stress and depression across development: Systematic review of the literature and directions for future research. Clin Psychol Rev. (2016) 50:67–79. doi: 10.1016/j.cpr.2016.09.003

 70. Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: an integrative review of the heart's anatomy and heart rate variability. Front Psychol. (2014) 5:1040. doi: 10.3389/fpsyg.2014.01040

 71. Romero-Martínez Á, Moya-Albiol L. Reduced cardiovascular activation following chronic stress in caregivers of people with anorexia nervosa. Stress. (2017) 20:390–7. doi: 10.1080/10253890.2017.1343815

 72. Kim HG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stress and heart rate variability: a meta-analysis and review of the literature. Psychiatry Invest. (2018) 15:235–45. doi: 10.30773/pi.2017.08.17

 73. Held J, Vîslă A, Wolfer C, Messerli-Bürgy N, Flückiger C. Heart rate variability change during a stressful cognitive task in individuals with anxiety and control participants. BMC Psychol. (2021) 9:1–8. doi: 10.1186/s40359-021-00551-4

 74. Tolin DF, Lee E, Levy HC, Das A, Mammo L, Katz BW, et al. Psychophysiological assessment of stress reactivity and recovery in anxiety disorders. J Anxiety Disord. (2021) 82:102426. doi: 10.1016/j.janxdis.2021.102426

 75. Klusek J, LaFauci G, Adayev T, Brown WT, Tassone F, Roberts JE. Reduced vagal tone in women with the FMR1 premutation is associated with FMR1 mRNA but not depression or anxiety. J Neurodev Disord. (2017) 9:1–16. doi: 10.1186/s11689-017-9197-6

 76. Woodman AC. Trajectories of stress among parents of children with disabilities: A dyadic analysis. Family Relations. (2014) 63:39–54. doi: 10.1111/fare.12049 

 77. Orr R, Cameron SJ, Dobson LA, Day DM. Age-related changes in stress experienced by families with a child who has developmental delays. Mental Retardation. (1993) 31:171–6.

 78. Naglieri JA, Bardos AN. General Ability Measure for Adults. Minneapolis, MN: National Computer Systems (1997). 

 79. Sparrow SS, Cicchetti DV, Saulnier CA. Vineland-3: Vineland Adaptive Behavior Scales. PsychCorp. (2016). 

 80. Schopler E, Reichler RJ, Renner BR. The Childhood Autism Rating Scale (CARS). Los Angeles, CA: WPS (2010). 

 81. Achenbach TM. Achenbach System of Empirically Based Assessment: School Age Forms and Profiles, Child Behavior Checklist for Ages. (2001) 6–18. 

 82. Derogatis LR. SCL-90-R. Symptom Checklist-90-R. Instructions for administration and scoring. (2009). 

 83. Abidin RR. Parenting Stress Index-Fourth Edition (PSI-4). Lutz, FL: Psychological Assessment Resources. (2012). 

 84. McCarthy C, Pradhan N, Redpath C, Adler A. Validation of the empatica E4 wristband. In: 2016 IEEE EMBS International Student Conference (ISC), (2016) 1–4. doi: 10.1109/EMBSISC.2016.7508621

 85. Schuurmans A, de Looff P, Nijhof KS, Rosada C, Scholte R, Popma A, et al. Validity of the empatica E4 wristband to measure heart rate variability (HRV) parameters: a comparison to electrocardiography (ECG). J Med Sys. (2020) 44:190. doi: 10.1007/s10916-020-01648-w

 86. Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and norms. Front Public Health. (2017) 5:258. doi: 10.3389/fpubh.2017.00258

 87. Brody DJ, Pratt LA, Hughes J. Prevalence of Depression Among Adults Aged 20 and Over: United States, 2013–2016. NCHS Data Brief, no 303. Hyattsville, MD: National Center for Health Statistics (2018). 

 88. Harvard Medical School. National Comorbidity Survey (NCS). (2007). Available online at: https://www.hcp.med.harvard.edu/ncs/index.php. Data Table 2: 12-month prevalence DSM-IV/WMH-CIDI disorders by sex and cohort (accessed August 21, 2017). 

 89. Agorastos A, Stiedl O, Heinig A, Sommer A, Hager T, Freundlieb N, et al. Inverse autonomic stress reactivity in depressed patients with and without prior history of depression. J Psychiatric Res. (2020) 131:114–8. doi: 10.1016/j.jpsychires.2020.09.016

 90. Wekenborg MK, von Dawans B, Hill LK, Thayer JF, Penz M, Kirschbaum C. Examining reactivity patterns in burnout and other indicators of chronic stress. Psychoneuroendocrinology. (2019) 106:195–205. doi: 10.1016/j.psyneuen.2019.04.002

 91. Nunan D, Sandercock GR, Brodie DA. A quantitative systematic review of normal values for short-term heart rate variability in healthy adults. Pacing Clin. Electrophysiol PACE (2010) 33:1407–17. doi: 10.1111/j.1540-8159.2010.02841.x

 92. Long ACJ. Parenting Stress and Social Support in Families With Children With Fragile X Syndrome: A Comparison of Mothers and Fathers (Doctoral dissertation), The University of North Carolina at Chapel Hill (2009). 

 93. Izadi-Mazidi M, Riahi F, Khajeddin N. Effect of cognitive behavior group therapy on parenting stress in mothers of children with autism. Iran J Psychiatry Behav Sci. (2015) 9:1900. doi: 10.17795/ijpbs-1900

 94. Harper A, Dyches TT, Harper J, Roper SO, South M. Respite care, marital quality, and stress in parents of children with autism spectrum disorders. J Autism Dev Disord. (2013) 43:2604–16. doi: 10.1007/s10803-013-1812-0

 95. Craig F, Operto FF, De Giacomo A, Margari L, Frolli A, Conson M, et al. Parenting stress among parents of children with neurodevelopmental disorders. Psychiatry Res. (2016) 242:121–9. doi: 10.1016/j.psychres.2016.05.016

 96. Hartley SL, Wheeler AC, Mailick MR, Raspa M, Mihaila I, Bishop E, et al. Autism symptoms across adulthood in men with fragile X syndrome: a cross-sectional analysis. J Autism Dev Disord. (2015) 45:3668–79. doi: 10.1007/s10803-015-2513-7

 97. Miodrag N, Hodapp RM. Chronic stress and health among parents of children with intellectual and developmental disabilities. Curr Opin Psychiatry. (2010) 23:407–11. doi: 10.1097/YCO.0b013e32833a8796

 98. Shapiro SL, Brown KW, Biegel GM. Teaching self-care to caregivers: Effects of mindfulness-based stress reduction on the mental health of therapists in training. Train Educ Profess Psychol. (2007) 1:105. doi: 10.1037/1931-3918.1.2.105 

 99. Kautz C, Parr J, Petrenko CL. Self-care in caregivers of children with FASD: How do caregivers care for themselves, and what are the benefits and obstacles for doing so?. Res Dev Disabil. (2020) 99:103578. doi: 10.1016/j.ridd.2020.103578

 100. Hunter JE, Jenkins CL, Grim V, Leung S, Charen KH, Hamilton DR, et al. Feasibility of an app-based mindfulness intervention among women with an FMR1 premutation experiencing maternal stress. Res Dev Disabil. (2019) 89:76–82. doi: 10.1016/j.ridd.2019.03.008

 101. Wheeler AC, Miller S, Wylie A, Edwards A. Mindfulness and acceptance as potential protective factors for mothers of children with fragile X syndrome. Front Public Health. (2018) 6:316. doi: 10.3389/fpubh.2018.00316

 102. Hall SS, Monlux KD, Rodriguez AB, Jo B, Pollard JS. Telehealth-enabled behavioral treatment for problem behaviors in boys with fragile X syndrome: a randomized controlled trial. J Neurodev Disord. (2020) 12:31. doi: 10.1186/s11689-020-09331-4

 103. Stahmer AC, Pellecchia M. Moving towards a more ecologically valid model of parent-implemented interventions in autism. Autism. (2015) 19:259–61. doi: 10.1177/1362361314566739

 104. Rottenberg J. Cardiac vagal control in depression: a critical analysis. Biol Psychol. (2007) 74:200–11. doi: 10.1016/j.biopsycho.2005.08.010

 105. Schubert C, Lambertz M, Nelesen RA, Bardwell W, Choi JB, Dimsdale JE. Effects of stress on heart rate complexity-a comparison between short-term and chronic stress. Biol Psychol. (2009) 80:325–32. doi: 10.1016/j.biopsycho.2008.11.005

 106. Shearer A, Hunt M, Chowdhury M, Nicol L. Effects of a brief mindfulness meditation intervention on student stress and heart rate variability. Int J Stress Manage. (2016) 23:232. doi: 10.1037/a0039814

 107. Mankus AM, Aldao A, Kerns C, Mayville EW, Mennin DS. Mindfulness and heart rate variability in individuals with high and low generalized anxiety symptoms. Behav Res Therapy. (2013) 51:386–91. doi: 10.1016/j.brat.2013.03.005

 108. Sameroff A. The Transactional Model. Washington, DC: American Psychological Association (2009). doi: 10.1037/11877-001 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Bullard, Harvey and Abbeduto. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-12-716585-t002.jpg
Child measures

Vineland-3

Adaptive behavior composite score
Childhood autism rating scale (raw score)
Autism symptom severity

Child behavior checklist for ages 6-18 (T-scores)
Internalizing behaviors

Externalizing behaviors

Total behaviors

Maternal measures

General ability measure for adults

GAMA 1Q score

Symptom checklist 90-revised (T-scores)
Anxiety

Depression

Global severity index

Parenting stress index, fourth edition (T-scores)
Child domain

Parent domain

Total parenting stress

Heart rate variability (millisecond)

Baseline HRV

Interaction HRV

Change in HRV

67.11

28.74

57.10
53.00
59.85

108.26

50.56
57.15
54.80

62.56
53.20
58.20

50.09
67.37
1717

sD

18.66

617

8.012
9.42
931

12.06

10.70
947
12.06

11.88
9.26
10.68

16.04
22.34
15.15





OPS/images/fpsyt-12-716585-t003.jpg
Parenting stress index-4

1. Child domain

2. Parent domain

3. Total stress

Symptom checklist 90-revised
4. Depression

5. Aniety

6. Global severty index

Heart rate variability

7. Baseline HRV

8. Wordless Picture Book Interaction HRV
9. Change in HRV

Child characteristics

10. Age

11. Adaptive functioning

12. Internalizing behaviors

13. Externalizing behaviors

14. Total behaviors

15. ASD symptomatology

0.774*
0.951**

0.608**
0534
0.574*

—0.067
-0.002
-0.058

0.221
—0.554*
0.082
0.780**
0.620**
0.388

0.928**

0.754**
0.661**
0.772*

—-0.020
0.122
0.209

0.115
-0.122
0.054
0.611*
0.411
0.014

0.718*
0.626*
0.701**

-0.035
0.006
0.062

0212
-0.371

0.054
0.733*
0.538"

0.229

0.799*
0.941*

0.006
-0.021
—0.081

0.040

0.053

0.199
0.615*
0.503"
-0.207

0.884**

-0.225
—0.244
-0.240

0.154
-0.064
0.063
0.491*
0.359
-0.046

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
The bolded correlations remained significant after accounting for multiple comparisons using the Benjamin-Hochberg procedure to detect the false discovery rate.

—-0.070
-0.126
-0.183

0.091
—-0.031
0.244
0.629**
0.515*
-0.136

0.735**
—0.005

0.235
0.220
-0.194
0.058
-0.073
0.065

0.674**

-0.159
0.254
-0.239
-0.125
—-0.189
—0.240

—-0.411
0.217
-0.198
-0.294
-0.278
-0.231

10

-0.085
0.080
0.253
0.133
0.120

1

-0.094
-0.415
-0.417
-0.629**

12

0.460
0.681**
0.050

0.921**
0.224

0.222

15





OPS/images/fpsyt-12-716585-g003.gif





OPS/images/fpsyt-12-716585-t001.jpg
N %

Child participants (611 years old; M = 8.80, SD = 1.77)

Female 4 20
Male 16 80
American Indian/Alaskan Native 1 5
Black or African American 1 5
Hispanic/Latinx 3 15
White, Not Hispanic/Latinx 11 55
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both Black/African American and White, with the remaining 25% indicating American
Indlan/Alaskan Native and White. 50% of mothers reporting more than one race selected
Black/African American and White and the other half selected American Indlian/Alaskan
Native and White.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Maternal Mental Health and Parenting Stress and Their Relationships to Characteristics of the Child With Fragile X Syndrome



		Introduction



		Genetics of Fragile X Syndrome



		Psychological Well-Being and Parenting Stress in Biological Mothers of Children With Fragile X Syndrome



		Measuring Parenting Stress in Mothers of Youth With FXS



		Current Study







		Materials and Methods



		Participants



		Procedures



		Child Measure



		Vineland-3



		Childhood Autism Rating Scale, Second Edition (CARS-2)



		Child Behavior Checklist for Ages 6–18 (CBCL:6-18)









		Maternal Measures



		General Ability Measure for Adults (GAMA; Naglieri and Bardos, 1997)



		Symptom Checklist 90-Revised (SCL-90-R)



		Parenting Stress Index, Fourth Edition (PSI-4)



		Physiological Markers of Stress









		Data Analysis Plan







		Results



		Profile of Mothers Mental Health and Parenting Stress



		Maternal Well-Being as It Relates to Child Characteristics







		Discussion



		Profiles of Maternal Well-Being



		Child Determinants of Maternal Well-Being



		Limitations







		Conclusions and Future Directions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Maternal Mental Health and
Parenting Stress and Their
Relationships to Characteristics of
the Child With Fragile X Syndrome





OPS/images/fpsyt-12-716585-g001.gif
rrssuERLs





OPS/images/fpsyt-12-716585-g002.gif
‘TSCORES
L8s558833

Child Domain ParentDomain  Total Parenting Stress.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





