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Introduction: Mucopolysaccharidoses (MPS) constitute a group of progressive and multisystemic inherited metabolic diseases that profoundly affect both the mental health of patients and the wellbeing of their families. This study aims to evaluate the impact of MPS on family functioning and related factors.

Methods and results: Twenty-five patients with MPS, including types I (n = 4), II (n = 11), IIIB (n = 2), IVA (n = 3), and VI (n = 5), and their families participated in this study. The mean patient age was 13 years [standard deviation (SD): 7.7 years]. Behavioral and emotional problems were noted in 9.1% of all patients. While the type of MPS did not directly influence mental problems, the presence of neuronal involvement did (p = 0.006). Patients with MPS III exhibited difficulties primarily in emotional areas, conduct, hyperactivity, and peer problems. Importantly, both patients with MPS II and those with MPS III experienced a significant impact on communication [mean scores for communication domain: MPS II, 35.6 (SD: 24.3); MPS III, 35.0 (SD: 22.6)]; poorer communication was directly linked to worse adaptive behavior (p = 0.012), and worse adaptive behavior was associated with lower quality of life (p = 0.001). Quality of life and caregiver burden among family members did not significantly differ across MPS types; however, higher caregiver burden was negatively associated with quality of life (p = 0.002). Concerning family functioning, the most impacted domains included independence, intellectual/cultural orientation, activity/recreation, and expressiveness. Domain scores did not vary based on MPS type, treatment, or neurological involvement. Quality-of-life scores were positively associated with the cultural/intellectual domain score.

Conclusion: The impacts of quality of life and family extend beyond clinical characteristics and MPS type, strongly influenced by patient cognition and communication, as well as type of family functioning, especially those with greater cultural/intellectual skills of their family members. A multidisciplinary approach addressing the broader needs of individuals with MPS becomes essential. Techniques aimed at improving communication, including prompt interventions such as speech therapy and augmentative and alternative communication strategies, can contribute to overall family functioning improvement.
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1 Introduction

Mucopolysaccharidoses (MPS) are a group of rare inherited metabolic diseases (IMDs) caused by a lysosomal enzyme deficiency that affects the catabolism of glycosaminoglycans (GAGs). This deficiency causes accumulation of intracellular substances, leading to a complex cascade of events that lead to dysfunction of several cellular processes and pathways; these include an abnormal composition of membranes (impacting vesicle fusion and trafficking), impairment of autophagy, impairment of mitochondrial function, oxidative stress, and dysregulation of signaling pathways (1, 2). Depending on the deficient enzyme, MPS can be classified into the following 14 types: I, II, IIIA, IIIB, IIIC, IIID, IIIE (involving arylsulfatase G deficiency, encoded by the ARSG gene), IVA, IVB, VI, VII, IX, X, and the MPS-plus syndrome (MPSPS). MPSPS is caused by pathogenic or likely pathogenic variants in the VPS33A gene; although this gene codes for a lysosomal hydrolase, pathogenic or likely pathogenic variants in it result in a massive accumulation of GAGs (3–8). All MPS types are chronic, progressive, and multisystem diseases (4, 9).

MPS has an extremely variable prognosis, which is influenced by the MPS type, genetic variant, residual activity of the deficient enzyme, efficiency of GAG metabolism, age at onset, speed of disease progression, age at treatment initiation (enzyme replacement therapy or hematopoietic cell transplantation), socioeconomic status, and several other factors (10–12).

IMDs adversely affect the psychosocial wellbeing of parents (13). Furthermore, the severity and clinical manifestations of IMDs, including cognitive and motor impairment, are associated with the quality of life of caregivers (14). This could be attributed to the increased need for support among patients to perform activities of daily living. These added responsibilities can directly affect the health and wellbeing of the family, which disrupts work performance and social life (14).

Parents of patients diagnosed with MPS face various challenges arising from the multisystemic nature of the disease, which encompasses orthopedic, vision, and hearing issues; speech disorders; and cardiac problems (15). For patients, these issues extend beyond the physical aspect; even in milder cases, they may contribute to psychological problems and hinder appropriate societal adaptation. Some patients, despite having the capacity to work, may remain at home; conversely, some patients may face obstacles due to psychological challenges while attending school, making it difficult for them to form friendships (16).

Patients sometimes express fears of being scrutinized, harbor guilt concerning their parents, and grapple with anxieties about the future (including aspects such as forming friendships, getting married, bearing economic responsibilities, and having employment) (16). Even in attenuated forms of the condition, the psychological challenges faced by these patients and their family members can be profound; this is because owing to a better understanding of their own situation, these patients may experience a unique set of psychological complexities as compared to patients with the severe phenotype who have intellectual disabilities (16). Conversely, individuals with severe neurological impairment tend to grow increasingly reliant on care and often present with behavioral issues, such as hyperactivity, mouthing, unusual body movements, and inattention, which can be particularly pronounced in those with MPS III who are aged 2–9 years (17). The behaviors and psychological characteristics of these patients undergo significant changes, and the parents/caregivers experience extreme stress that directly affects their daily functioning. In light of this, the provision of psychological care to both patients and their family members or caregivers is indispensable (18).

Furthermore, since most MPS types involve autosomal recessive pattern of inheritance, parents may have two or three children with the disorder prior to the diagnosis of their first child (19). However, the psychosocial burden of MPS on parents in developing countries remain unclear.

Accordingly, this study aimed to evaluate the psychobehavioral effects of MPS on family functioning and related factors.



2 Materials and methods


2.1 Study design and population

This cross-sectional, observational, descriptive study was conducted in the Pequeno Príncipe Children’s Hospital and approved by our Ethics Committee (protocol number 47925921.5.0000.0097). All methods were performed in accordance with the guidelines and regulations of the Brazilian National Commission of Health (Commission of Ethics in Human Research-CEP/CONEP). The parents provided consent to the use of all data and images and for publication of this report.

We included participants with increased urinary glycosaminoglycans and laboratory-confirmed reduction in enzymatic activity; specifically, the enzymatic deficiency was defined as a reduction in enzymatic activity of <10% of the normal laboratory reference value.

Participants were further subgrouped according to MPS type, central nervous system involvement, and treatment performed [no treatment, enzyme replacement therapy (ERT), or hematopoietic cell transplantation].



2.2 Cognitive function

Estimated full-scale IQ was assessed using the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R) and Wechsler Abbreviated Scale of Intelligence (WASI); participants were administered the test that had been validated for their age.

The WPPSI-R was administered to children aged between 3 years 6 months and 5 years 11 months. The children received a four-subtest short version of the test comprising two subtests that assess perceptual–motor abilities. Raw scores obtained using the four subtests were converted into scaled scores (20).

The WASI was administered to children aged >6 years. It comprised four subtests (two verbal and two performance scales), which included the Vocabulary, Similarities, Block Design, and Matrix Reasoning subtests. Raw scores obtained using the four subtests were converted into scaled scores (21).



2.3 Children’s behavioral and emotional mental health

The Child Behavior Checklist (CBCL) was used to assess behavioral and emotional problems in children and Adult Self Report (ASR) was used for patients over 18 years of age during the previous 6 months (22, 23). It comprised 120 items, which were scored on a three-point scale: 0 (not true), 1 (somewhat or sometimes true), and 2 (very true or often true). It has excellent reliability and has been validated in the Brazilian population (24). The raw score was converted into T-scores by the Assessment Data Manager software and quantified within the following dimensions: Anxiety/Depression, Withdrawal, Somatic Complaints, Social Problems, Thinking Problems, Attention Problems, Rule-Breaking Behavior, Aggressive Behavior, Depressive Problems, Anxiety Problems, Somatic Problems, Attention Deficit/Hyperactivity Disorder, Oppositional Defiant Disorder, and Conduct Disorder. Additionally, the instrument can provide a Total Problem Score as well the Internalizing and Externalizing Problems scores (23). T-scores of ≤59, 60–64, and ≥ 65 indicate non-clinical symptoms, a risk for problem behaviors, and clinical symptoms, respectively (22, 23).

The Strength and Difficulties Questionnaire (SDQ) was used to assess problems related to mental health. The questionnaire comprises 25 items, including 10 items on abilities, 14 items on difficulties, and 1 neutral item. The instrument is divided into five subscales for assessing emotional symptoms (fears, excessive worries, sadness, and hopelessness), conduct problems (irritability, aggression, and antisocial behaviors such as lying), hyperactivity (restlessness, distraction, and inattention), problems with peer relationships (difficulties in relationships with other people, whether children or adults), and prosocial behavior (knowing how to cooperate, help, share). For each item, the individual could choose false (0 points), more or less true (1 point), and true (2 points). The score of each subscale ranges from 0 to 10, with a lower score indicating a better mental health status (25).



2.4 Adaptive behavior

Vineland Adaptive Behavior Scales (Vineland) was used to assess adaptative behavior. It involves a semi-structured interview using items scored as 0 (never performed), 1 (sometimes or partly performed), or 2 (behavior is usually or habitually performed). Normality was considered when score was 86 or higher (26, 27).



2.5 Family functioning

The Family Environment Scale (FES) is a self-reported 90-item scale for assessing family functioning across 10 different domains (28). We used the questionnaire version validated for Portuguese (29). It comprises five subscales, including Cohesion (commitment and family support); Expressiveness (direct communication of feelings), Conflict (express anger and conflict); Independence, Achievement Orientation, Intellectual Cultural Orientation, Active Recreational Orientation, Moral-Religious Emphasis, and Organization (maintenance of the family structure and organization); and Control (trust in rules and procedures to manage family life). The presence of problems is indicated by high scores on the Conflict and Control scales or low scores on the other scales (28). Table 1 presents the results grouped according to the type of family functioning.



TABLE 1 Classification according to the typology of the family environment (28).
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2.6 Caregiver burden

Caregiver burden was used to assess the version of the Zarit Burden Interview that has been translated and adapted to Portuguese (30, 31). The ZBI comprises 22 items rated on a 5-point Likert scale that ranges from 0 (never) to 4 (nearly always), with the total score ranging from 0 to 88. This tool allows assessment of objective and subjective burden among informal caregivers with respect to health, social life, personal life, finances, emotions, and relationship types.



2.7 Quality of life

We used the family impact module of the Pediatric Quality of Life Inventory™ to assess the impact of the disease and treatment on family functioning as well as the child’s adaptation to chronic diseases (32).



2.8 Coping techniques

The self-administered COPE Brief was used to investigate how individuals responded to stressful situations (33). It comprises 14 subscales for assessing coping techniques (self-distraction, active coping, denial, substance use, use of emotional support, use of instrumental support, behavioral disengagement, venting, positive reframing, planning, humor, acceptance, religion, and self-censorship).



2.9 Statistical analysis

Statistical analyses were performed using the Statistical Package for Social Sciences for Windows, version 22.0 (IBM Corp, Armonk, NY, United States). Descriptive analyses were used to obtain summary measures depending on the nature of variables. Further, inferential analysis was performed using study-relevant statistical tests (chi-squared and Fisher’s exact test). Continuous dependent variables were compared with categorical independent variables across all groups using the Kruskal–Wallis test. If the p-values obtained were significant, pairwise comparisons were performed to determine the differences between the groups. Statistical significance was set at p < 0.05.




3 Results

Among 56 patients diagnosed with MPS in our hospital (Curitiba, Paraná, Brazil), since 2005, 18 died before the commencement of neuropsychological assessments, eight refused to participate in the study, and five could not be contacted. Accordingly, 25 patients with MPS and their families were included, including four, 11, two, three, and five patients with MPS I, MPS II, MPS IIIB, MPS IVA, and MPS VI, respectively. The mean age was 13 years [standard deviation (SD): 7.7 years] (Table 2). ERT was performed in 50, 81.8, 100, and 100% of patients with MPS I, MPS II, MPS IVA, and MPS VI, respectively. Additionally, 50 and 18.2% of patients with MPS I and MPS II, respectively, underwent hematopoietic cell transplantation. None of the patients with MPS III received any specific treatment.



TABLE 2 Characteristics of the population studied according to the type of MPSa, psychometric characteristics, and family burden.
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Table 2 summarizes the scores for the cognitive functioning and the strengths and difficulties subscales, as well as the total score of difficulties. Patients with MPS III exhibited difficulties predominantly in emotional areas, conduct, hyperactivity, and peer problems. The total score of difficulties was associated with the presence of neuronopathy (p = 0.001); however, no relationships were identified for the subscales.

The mean scores for the communication domain in adaptive behavior were below the cut-offs in patients with MPS II (35.6; SD: 24.3) and MPS III (35.0; SD: 22.6); significant differences were noted in the scores between patients with MPS II and those with MPS IV (p = 0.018). The total difficulty score was directly associated with impairment in the communication domain (p = 0.002). Both patients with high and very high scores in the conduct problems domain showed communicative impairment.

Additionally, 9.1, 4.5, and 9.1% of all patients exhibited behavioral or emotional problems, externalizing symptoms, and internalizing problems, respectively. These problems were more frequent (p = 0.017) in patients with neuronopathy (60.4, SD: 7.8) than in those without neurological involvement (51.9, SD: 6.4); however, they did not significantly differ according to age (p = 0.078) or time from diagnosis (p = 0.351).

The parents’ quality-of-life scores did not differ significantly across the different MPS types (p = 0.353) (Table 2). Regarding the impact on family functioning, the quality-of-life scores were positively associated with the cultural/intellectual domain score (p = 0.007); however, they were not associated with the other domains of family functioning or coping techniques used. Regarding adaptive behavior, the mean quality-of-life score was 63.14 (SD: 17.7) for parents of patients with low adaptive behavior and 94.3 (SD:6.9) for parents of patients with normal adaptive behavior (p = 0.001). There was no difference (p = 0.881) between the quality of life reported by family members according to the type of MPS (Table 2). In addition, self-reported quality-of-life scores were obtained from only eight participants. The scores did not significantly differ among patients with MPS I (72), MPS II (72.5, SD: 12.0), MPS VI (74.2; SD: 3.3), and MPS IVA (83.5, SD: 20.5).

Regarding family functioning and its domains, the adverse effects of MPS were observed in the domains of independence, intellectual/cultural, activity/recreation, and expressiveness (Table 2). However, no differences existed in any family functioning domains according to the MPS type, treatment type, or neurological involvement.

Families with an intellectual/cultural orientation had a better (p = 0.017) Problem-Focused Coping techniques (mean: 2.7; SD: 0.19) than families without an intellectual/cultural orientation (1.9, SD: 0.56).

For all patients, the mean caregiver stress score was 21.6; SD: 8.5. Moreover, 44, 40, and 4% of the family members reported no/mild, moderate, and severe burdens, respectively. Caregiver stress did not significantly differ according to the type of MPS (p = 0.289), treatment type (p = 0.489), or neurological involvement (p = 0.203). Caregiver burden was negatively associated with quality of life (p = 0.010).

The most reported coping techniques were Problem-Focused Coping techniques (average: 2.02; SD: 0.6), followed by Emotion-Focused Coping (1.68; SD: 0.43) and Avoidant Coping (0.26; SD: 0.26). The reported coping techniques did not significantly differ according to the type of MPS (p = 0.679, p = 0.209, and p = 0.534, respectively), type of treatment (p = 0.669, p = 0.991, and p = 0.762, respectively), or neurological involvement (p = 0.722, p = 0.107, and p = 0.418, respectively).

The main symptoms of the patient’s mental health, the family’s quality of life and functioning, and the coping techniques identified, as well as the relationships among them, are summarized in Figure 1.

[image: Figure 1]

FIGURE 1
 Psycho-behavioral factors and family functioning in mucopolysaccharidosis. The chart depicts the key elements of the mental health of individuals with MPS, the quality of life and stress experienced by their family members, and the family functioning and coping techniques that were identified in this study. It also depicts the correlations among these variables. Black lines represent the main factors identified, while red lines indicate the relationships among the different factors.




4 Discussion

The neurocognitive impact of MPS widely varies from minor attention and executive function difficulties to severe intellectual disability (34). Similarly, we observed a wide range of cognitive impacts in patients with MPS II, ranging from mild effects to drastically low IQ scores, which indicates brain involvement and functional impairments despite them being considered as “non-neuronopathic” (34). Contrastingly, patients with MPS IV and MPS VI did not show progression of neurocognitive abnormalities, with most of them showing normal cognitive function (34). This is consistent with previous reports of relatively preserved cognitive functioning in these patients compared with those with other MPS types. Taken together, our findings emphasize the heterogeneity in the cognitive impacts of MPS and the need to perform individualized assessments and interventions.

Notably, we observed difficulties in cognitive functioning and adaptive behavior across several domains. Patients with MPS II and MPS III exhibited relatively lower scores in the communication domain than in the adaptive behavior domain. Indeed, speech, language, and communication impairments have been reported in patients with MPS, especially MPS II and III (34, 35). These impairments manifest as delayed language and speech development, limited vocabulary, speech absence, and overall impaired communication skills. Moreover, these communication deficits adversely affect their activities of daily life, especially expression of needs and desires (36, 37). Additionally, the total difficulty score was associated with adaptive performance in communication. The impact of these communication difficulties extends beyond the linguistic domain; instead, it limits social interactions, educational opportunities, and participation in various activities. Specifically, patients may experience frustration, social isolation, and difficulties in forming meaningful relationships (38). Over time, adaptative behavior may allow these children to cope with interpersonal issues even with persistent or worsening physical problems (36, 39). Therefore, adequate adaptive capacities can improve the psychosocial quality-of-life, which is consistent with the previous report by Shapiro et al. (39). Interventions targeting speech, language, and communication skills are crucial in supporting individuals with MPS to enhance their quality of life and promote their overall wellbeing (40). Specifically, prompt interventions, including speech therapy as well as augmentative and alternative communication strategies, can significantly improve communication outcomes and overall functioning (41). Additionally, multidisciplinary approaches that address the broader needs of individuals with MPS, including educational support and social skills training, can further enhance their communication abilities and optimize their participation in various aspects of life.

Our findings indicated a relationship between behavior disturbance and cognition in patients with MPS; specifically, IQ scores were negatively associated with a risk of behavioral issues. Consistent with previous reports, we found that scores for adaptive behaviors were lower in patients with MPS II and MPS III than those in general population, irrespective of treatment (36, 42). There has been insufficient research on behavioral, attentional, and executive function abnormalities in patients with MPS IV and MPS VI, which negatively affect the quality of life (34). However, our findings demonstrated the presence of emotional and peer problems in the MPS IVA group, albeit to a lesser extent than those in the MPS III group. Various behavioral problems have been reported in patients with MPS IVA, including anxiety/depression, attention difficulties, and somatic complaints (43). These findings demonstrated the need to address both cognitive and behavioral aspects when managing patients with MPS.

A Brazilian study reported a mean quality of life score of 48.1 in 11 mothers of children with MPS (14). In our study, except for MPS III, the other MPS groups had values higher than the aforementioned one, even in the presence of cognitive impairment. Contrastingly, they were lower than that reported by an Irish study (mean of 93.8) on patients with MPS, predominantly those with mild forms of the disease. The better quality of life observed in the Irish study could be attributed to a high level of social support (44). These inconsistencies in the reported impact of MPS on the quality of life may be attributed to several factors, including variability in the disease manifestations, treatment availability, and social support systems across different regions and healthcare systems. These factors can significantly affect the perception of quality of life by both individuals with MPS and their families. Furthermore, these inconsistencies can be attributed to the small sample sizes and potential cultural differences in the studied populations.

In our study, scores related to family functioning were lower in patients with MPS than in the healthy Brazilian population, especially in the domains of independence, intellectual/cultural, activity/recreation, and expressiveness (29). Children with MPS greatly rely on family members for assistance and support, which places a significant burden on the family and affect their overall functioning (36, 45, 46).

Furthermore, the responsibility to care give to children with MPS can adversely affect the parents’ working lives. Specifically, parents may be unemployed or forced to reduce their working hours to provide care for their children with MPS (13). Balancing caregiving responsibilities with work obligations can be challenging and cause financial strain and changes in career trajectories. These findings highlight the substantial impact of MPS on the family unit and the need for comprehensive support systems.

Inconsistent with previous reports, we observed no correlation between the severity of MPS and impact on families, which could be attributed to coping characteristics, including recognizing positive aspects of the caring process, reevaluating life goals, and receiving support from other affected families (13, 14, 36, 47).

The progressive and complex nature of MPS places significant demands on families and caregivers. The clinical manifestations of MPS can limit activities of daily living; moreover, the chronic and progressive disease nature can result in functional disability and a decrease in quality of life (39, 45, 46). Various MPS forms are related to behavioral problems that require coping strategies as well as time and physical presence from caregivers, which directly contribute to social isolation among families (48). This may explain the relatively greater impact in the independence domain. Generally, the severity of MPS symptoms is negatively associated with family functioning (36).

The caregiver burden reported by family members of children with MPS was found to be lower than that reported by family members of children with other chronic diseases (49) or Down syndrome (50). However, it was higher than that reported by family members of healthy Brazilian children (50). The caregiving responsibilities limit opportunities for leisure activities and social engagement. Moreover, these caregivers often experience parental stress, grief, feelings of loss, guilt, marital strain, and conflicts in their roles. Additionally, the chronicity of the disease contributes to family stress and imposes psychosocial demands on caregivers (36).

The caregiver burden is negatively associated with the quality of life for the patient, which indicates that the patient’s wellbeing influences the family dynamics. Notably, the wellbeing of the caregiver significantly influences the overall care provided to the child. Specifically, stress and burden levels among caregivers are negatively associated with their ability to provide optimal care and support to the child with MPS (51). Moreover, the caregiver burden is negatively associated with the perception of quality of life in pediatric patients (52). It is difficult to determine the causal relationship between caregiver stress and the child’s quality of life since these domains are interconnected and influenced by various factors. Accordingly, to elucidate this relationship, it is important to consider the multifaceted nature of MPS and its impact on the entire family unit.

In conclusion, our preliminary findings indicated that the impact of MPS on family functioning extends beyond physical aspects and encompasses social and emotional dimensions.



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 humans were approved by the Pequeno Principe Hospital Ethics and Ethics Committee (protocol number 47925921.5.0000.0097). All methods were performed in accordance with the guidelines and regulations of the Brazilian National Commission of Health (Commission of Ethics in Human Research-CEP/CONEP). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

DV: Conceptualization, Formal analysis, Investigation, Methodology, Validation, Writing – original draft, Writing – review & editing. TB: Formal analysis, Investigation, Software, Writing – review & editing. VF: Investigation, Writing – review & editing. MS: Investigation, Resources, Writing – review & editing. MC: Conceptualization, Data curation, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded in part by the Coordenação de Aperfeiçoamento de Pessoal de Nivel Superior -Brazil (CAPES) to DV and TB– Finance Code 001.



Acknowledgments

We would like to thank the families of all participants in this study.



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.



References

 1. Oussoren,E
, Brands,MMMG
, Ruijter,GJG
, van der Ploeg,AT
, and Reuser,AJJ
. Bone, joint and tooth development in mucopolysaccharidoses: relevance to therapeutic options. Biochim Biophys Acta Mol basis Dis. (2011) 1812:1542–56. doi: 10.1016/j.bbadis.2011.07.013 

 2. Fecarotta,S
, Tarallo,A
, Damiano,C
, Minopoli,N
, and Parenti,G
. Pathogenesis of mucopolysaccharidoses, an update. Int J Mol Sci. (2020) 21:1–14. doi: 10.3390/ijms21072515 

 3. Velde,HM
, Reurink,J
, Held,S
, Li,CHZ
, Yzer,S
, Oostrik,J , et al. Usher syndrome type IV: clinically and molecularly confirmed by novel ARSG variants. Hum Genet. (2022) 141:1723–38. doi: 10.1007/s00439-022-02441-0 

 4. Verheyen,S
, Blatterer,J
, Speicher,MR
, Bhavani,GSL
, Boons,GJ
, Ilse,MB , et al. Novel subtype of mucopolysaccharidosis caused by arylsulfatase K (ARSK) deficiency. J Med Genet. (2022) 59:957–64. doi: 10.1136/jmedgenet-2021-108061 

 5. Vasilev,F
, Sukhomyasova,A
, and Otomo,T
. Mucopolysaccharidosis-plus syndrome. Int J Mol Sci. (2020) 21:1–14. doi: 10.3390/ijms21020421 

 6. Trabszo,C
, Ramms,B
, Chopra,P
, Lüllmann-Rauch,R
, Stroobants,S
, Sproß,J , et al. Arylsulfatase K inactivation causes mucopolysaccharidosis due to deficient glucuronate desulfation of heparan and chondroitin sulfate. Biochem J. (2020) 477:3433–51. doi: 10.1042/BCJ20200546 

 7. Wiśniewska,K
, Wolski,J
, Gaffke,L
, Cyske,Z
, Pierzynowska,K
, and Węgrzyn,G
. Misdiagnosis in mucopolysaccharidoses. J Appl Genet. (2022) 63:475–95. doi: 10.1007/s13353-022-00703-1 

 8. Brokowska,J
, Gaffke,L
, Pierzynowska,K
, and Węgrzyn,G
. Enhanced efficiency of the basal and induced apoptosis process in mucopolysaccharidosis IVA and IVB human fibroblasts. Int J Mol Sci. (2023) 24:14119. doi: 10.3390/ijms241814119 

 9. Saudubray,J-M
, Baumgartner,MR
, and Walter,J
. Inborn metabolic diseases: diagnosis and treatment. 6th ed. Berlin: Springer (2016).


 10. Valayannopoulos,V
, Nicely,H
, Harmatz,P
, and Turbeville,S
. Mucopolysaccharidosis VI. Orphanet J Rare Dis. (2010) 5:5. doi: 10.1186/1750-1172-5-5


 11. Piotrowska,E
, Jakóbkiewicz-Banecka,J
, Tylki-Szymańska,A
, Czartoryska,B
, Wȩgrzyn,A
, and Wȩgrzyn,G
. Correlation between severity of mucopolysaccharidoses and combination of the residual enzyme activity and efficiency of glycosaminoglycan synthesis. Acta Paediatr Int J Paediatr. (2009) 98:743–9. doi: 10.1111/j.1651-2227.2008.01153.x 

 12. Celik,B
, Tomatsu,SC
, Tomatsu,S
, and Khan,SA
. Epidemiology of mucopolysaccharidoses update. Diagnostics. (2021) 11:273. doi: 10.3390/diagnostics11020273 

 13. Hassall,S
, Smith,DM
, Rust,S
, and Wittkowski,A
. A systematic review and integrative sequential explanatory narrative synthesis: the psychosocial impact of parenting a child with a lysosomal storage disorder. J Inherit Metab Dis. (2022) 45:406–16. doi: 10.1002/jimd.12482 

 14. Guarany,NR
, Vanz,AP
, Wilke,MVMB
, Bender,DD
, Borges,MD
, Giugliani,R , et al. Mucopolysaccharidosis: caregiver quality of life. J Inborn Errors Metab Screen. (2015) 3:1–7. doi: 10.1177/2326409815613804


 15. Zengin,M
, Yayan,EH
, and Akıncı,A
. Difficulties experienced by Turkish parents and their coping strategies: children with mucopolysaccharidosis. J Pediatr Nurs. (2020) 53:e142–8. doi: 10.1016/j.pedn.2020.03.009 

 16. Kuratsubo,I
, Suzuki,Y
, Orii,KO
, Kato,T
, Orii,T
, and Kondo,N
. Psychological status of patients with mucopolysaccharidosis type II and their parents. Pediatr Int. (2009) 51:41–7. doi: 10.1111/j.1442-200X.2008.02652.x 

 17. Cross,EM
, Grant,S
, Jones,S
, Bigger,BW
, Wraith,JE
, Mahon,LV , et al. An investigation of the middle and late behavioural phenotypes of mucopolysaccharidosis type-III. J Neurodev Disord. (2014) 6:1–9. doi: 10.1186/1866-1955-6-46 

 18. Cyske,Z
, Anikiej-Wiczenbach,P
, Wisniewska,K
, Gaffke,L
, Pierzynowska,K
, Mański,A , et al. Sanfilippo syndrome: optimizing care with a multidisciplinary approach. J Multidiscip Healthc. (2022) 15:2097–110. doi: 10.2147/JMDH.S362994 

 19. Nidiffer,FD
, and Kelly,TE
. Developmental and degenerative patterns associated with cognitive, behavioural and motor difficulties in the Sanfilippo syndrome: an epidemiological study. J Intellect Disabil Res. (1983) 27:185–203. doi: 10.1111/j.1365-2788.1983.tb00291.x 

 20. Wechsler,D
. WPPSI-R, manual: Wechsler preschool and primary scale of intelligence, revised. San Antonio: Psychological Corporation (1989).


 21. Wechsler,D
. Wechsler abbreviated scale of intelligence WASI: manual Pearson/PsychCorpl (1999) Available at: https://books.google.com.br/books?id=adTXtwAACAAJ.


 22. Achenbach,TM
, and Rescorla,LA
. Manual for the ASEBA adult forms and profiles. Burlington, VT: ASEBA (2003).


 23. Achenbach,T
. Manual for the child behavior checklist/6–18. Burlington, VT: University of Vermont (1991).


 24. Bordin,IA
, Rocha,MM
, Paula,CS
, Teixeira,MCTV
, Achenbach,TM
, Rescorla,LA , et al. Child Behavior Checklist (CBCL),Youth Self-Report (YSR) and Teacher’s Report Form (TRF): an overview of the development of the original and Brazilian versions. Cad Saude Publica. (2013) 29:13–28. doi: 10.1590/S0102-311X2013000100004


 25. Goodman,R
. The strengths and difficulties questionnaire: a research note. J Child Psychol Psychiatry. (1997) 38:581–6. doi: 10.1111/j.1469-7610.1997.tb01545.x


 26. Delaney,KA
, Rudser,KR
, Yund,BD
, Whitley,CB
, Haslett,PAJ
, and Shapiro,EG
. Methods of neurodevelopmental assessment in children with neurodegenerative disease: Sanfilippo syndrome. JIMD Rep. (2014) 13:129–37. doi: 10.1007/8904_2013_269


 27. Whitley,CB
, Cleary,M
, Eugen Mengel,K
, Harmatz,P
, Shapiro,E
, Nestrasil,I , et al. Observational prospective natural history of patients with Sanfilippo syndrome type B. J Pediatr. (2018) 197:198–206.e2. doi: 10.1016/j.jpeds.2018.01.044 

 28. Moos,RH
, and Moos,BS
. Family environment scale manual: development, applications, research. Mind Garden: (2009) Available at: https://books.google.com.br/books?id=1NOXtAEACAAJ.


 29. Vianna,VPT
, da Silva,EA
, and Souza-Formigoni,ML
. Portuguese version of the family environment scale: Aplication and validation. Rev Saude Publica. (2007) 41:419–26. doi: 10.1590/s0034-89102007000300014 

 30. Sequeira,C
. Cuidar de idosos dependentes. 1st ed. Coimbra: Quarteto (2007).


 31. Sequeira,C
. Cuidar de idosos com dependência física e mental. 1st ed. Lisboa: Lidel (2010).


 32. Scarpelli,AC
, Paiva,SM
, Pordeus,IA
, Varni,JW
, Viegas,CM
, and Allison,PJ
. The pediatric quality of life inventory (PedsQL) family impact module: reliability and validity of the Brazilian version. Health Qual Life Outcomes. (2008) 6:1–8. doi: 10.1186/1477-7525-6-35 

 33. Carver,CS
. You want to measure coping but your protocol’s too long: consider the brief COPE. Int J Behav Med. (1997) 4:92–100. doi: 10.1207/s15327558ijbm0401_6 

 34. Shapiro,EG
, and Eisengart,JB
. The natural history of neurocognition in MPS disorders: a review. Mol Genet Metab. (2021) 133:8–34. doi: 10.1016/j.ymgme.2021.03.002 

 35. Wolfenden,C
, Wittkowski,A
, and Hare,DJ
. Symptoms of autism Spectrum disorder (ASD) in individuals with mucopolysaccharide disease type III (Sanfilippo syndrome): a systematic review. J Autism Dev Disord. (2017) 47:3620–33. doi: 10.1007/s10803-017-3262-6 

 36. Needham,M
, Packman,W
, Rappoport,M
, Quinn,N
, Cordova,M
, Macias,S , et al. MPS II: adaptive behavior of patients and impact on the family system. J Genet Couns. (2014) 23:330–8. doi: 10.1007/s10897-013-9665-4 

 37. Hoffmann,F
, Hoffmann,S
, Kunzmann,K
, and Ries,M
. Challenging behavior in mucopolysaccharidoses types I-III and day-to-day coping strategies: a cross sectional explorative study. Orphanet J Rare Dis. (2020) 15:1–14. doi: 10.1186/s13023-020-01548-9 

 38. Sturrock,A
, Foy,K
, Freed,J
, Adams,C
, and Leadbitter,K
. The impact of subtle language and communication difficulties on the daily lives of autistic children without intellectual disability: parent perspectives. Int J Lang Commun Disord. (2023) 58:1232–50. doi: 10.1111/1460-6984.12859 

 39. Shapiro,EG
, Rudser,K
, Ahmed,A
, Steiner,RD
, Delaney,KA
, Yund,B , et al. A longitudinal study of emotional adjustment, quality of life and adaptive function in attenuated MPS II. Mol Genet Metab Rep. (2016) 7:32–9. doi: 10.1016/j.ymgmr.2016.03.005 

 40. Ahmed,A
, Shapiro,E
, Rudser,K
, Kunin-Batson,A
, King,K
, and Whitley,CB
. Association of somatic burden of disease with age and neuropsychological measures in attenuated mucopolysaccharidosis types I, II and VI. Mol Genet Metab Reports. (2016) 7:27–31. doi: 10.1016/j.ymgmr.2016.03.006 

 41. Wagner,VF
, and Northrup,H
. Mucopolysaccharidosis type III In: MP Adam, HH Ardinger, and RA Pagon, editors. Genereviews. Seattle, WA: University of Washington (1993). 1–23.


 42. Truxal,KV
, Fu,H
, McCarty,DM
, McNally,KA
, Kunkler,KL
, Zumberge,NA , et al. A prospective one-year natural history study of mucopolysaccharidosis types IIIA and IIIB: implications for clinical trial design. Mol Genet Metab. (2016) 119:239–48. doi: 10.1016/j.ymgme.2016.08.002


 43. Davison,JE
, Kearney,S
, Horton,J
, Foster,K
, Peet,AC
, and Hendriksz,CJ
. Intellectual and neurological functioning in Morquio syndrome (MPS IVa). J Inherit Metab Dis. (2013) 36:323–8. doi: 10.1007/s10545-011-9430-5 

 44. Somanadhan,S
, Bristow,H
, Crushell,E
, Pastores,G
, Nicholson,E
, Kroll,T , et al. IMPACT study: measuring the impact of caregiving on families and healthcare professionals of children and adults living with mucopolysaccharidoses in Ireland. Ther Adv Rare Dis. (2021) 2:263300402110207. doi: 10.1177/26330040211020764 

 45. Hendriksz,CJ
, Berger,KI
, Lampe,C
, Kircher,SG
, Orchard,PJ
, Southall,R , et al. Health-related quality of life in mucopolysaccharidosis: looking beyond biomedical issues. Orphanet J Rare Dis. (2016) 11:1–15. doi: 10.1186/s13023-016-0503-2 

 46. Costa,BG de S
, Ferreira,TTC
, Freitas,SE de O
, Kerstenetzky,MS
, and Lucena,NC de
. Quality of life of patients with mucopolysaccharidosis. J Nurs UFPE. (2017) 11:280–6. doi: 10.5205/reuol.7995-69931-4-SM.1101sup201705


 47. Adams,HR
, and Mink,JW
. Neurobehavioral features and natural history of juvenile neuronal ceroid Lipofuscinosis (batten disease). J Child Neurol. (2013) 28:1128–36. doi: 10.1177/0883073813494813 

 48. Grant,N
. Evaluating strategies to manage and endure challenging behaviors in mucopolysaccharidoses. Orphanet J Rare Dis. (2021) 16:165–5. doi: 10.1186/s13023-021-01767-8 

 49. Javalkar,K
, Rak,E
, Phillips,A
, Haberman,C
, Ferris,M
, and Van Tilburg,M
. Predictors of caregiver burden among mothers of children with chronic conditions. Children. (2017) 4:1–10. doi: 10.3390/children4050039 

 50. Barros,ALO
, Barros,AO
, Barros,GLM
, and Santos,MTBR
. Sobrecarga dos cuidadores de crianças e adolescentes com síndrome de down. Cienc Saude Coletiva. (2017) 22:3625–34. doi: 10.1590/1413-812320172211.31102016 

 51. Armstrong,MI
, Birnie-Lefcovitch,S
, and Ungar,MT
. Pathways between social support, family well being, quality of parenting, and child resilience: what we know. J Child Fam Stud. (2005) 14:269–81. doi: 10.1007/s10826-005-5054-4


 52. Beluci,ML
, Da Sd,MC
, Trettene Dos,S
, and RAS,D
. Correlation between quality of life and burden of family caregivers of infants with cleft lip and palate. Rev Esc Enferm USP. (2019) 53:1–6. doi: 10.1590/s1980-220x2017047603432



Copyright
 © 2024 Valle, Bara, Furlin, Santos and Cordeiro. 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/fpubh-12-1305878-t002.jpg
\ELELIES MPS | MPS I MPS Il MPS IVa MPS VI

(n=4) (n=11) (n=2) (n=3) (n=5)

Age (Years)
107 (5.7) 13.1(5.4) 9.5(7.8) 19.0(12.1) 14.0 (9.0) 13.3(7.3) 0.802
Mean (SD)
Intellectual Quotient
81.75(33.7) 51.0(17.4) 50 (14.1) 707 (12.9) 80.8 (36.4) 63.5(26.1) 0.203
Mean (SD)
Capabilities and Total difficulties 10.0 (2.8) 115 (4.4) 25.0(7.1) 5.7(6.0) 8.3(9.0) 11.2(63) 0.081
difficulties Emotional problems 20(14) 23(18) 65(07) 17(29) 23(15) 2521 0.227
Mean (SD)
A5 ED) Conduct problems 1521 17(19) 30(42) 03(06) 1303) 15(19) 0823
Hyperactivity 3.0(42) 48(3.1) 10.0 (0.0) 07(1.2) 4.0 (0.8) 44(33) 0.060
Peer problems 35(49) 27(18) 55(2.1) 30(30) 075 (0.96) 2724 0.201
Prosocial 75(33) 54(34) 7.0 (0.0) 53(50) 85(19) 63(33) 0504
Impact 40 32(28) o 25(35) 0.25(0.5) 22(26) 0.168
Adaptive behavior | Communication 89.5(9.2) 35.6(243) 36.0(22.6) 94.7(16.5) 72.8(33.4) 58.0(33.9) 0.037%
Mean (SD} Daily living skills 810(14.1) 383(27.1) 420611 78.3(20.0) 76.0 (44.5) 57.4(34.4) 0.143
Socialization 84.5(2.1) 49.7(26.0) 53.0(15.6) 86.3(26.1) 78.6 (36.3) 65.4(29.8) 0.250
Motor skills 825(0.7) 42.1(24.0) 45.5(21.9) 827 (24.7) 760 (37.1) 60.1(30.8) 0.387
Problems score Total 56.0 (5.7) 56.9 (6.9) 63.5(17.7) 47.7(7.6) 54.8(6.7) 55.8(8.2) 0.269
Mean (SD) Externalizing 55.0(1.4) 49.5(9.3) 56.0 (18.4) 43.3(0.6) 515 (7.1) 50.1(8.8) 0215
Internalizing 63.0(9.9) 554(52) 65.5 (10.6) 507 (9.1) 56.0 (8.5) 56.5(7.6) 0.483
Quality of life
65.4(26.0) 69.4(15.5) 47.1(27) 67.7 (31.0) 77.4(21.6) 68.6(19.5) 0.353
Mean (SD)
Family burden
27.5(49) 20.7(1.3) 245(6.5) 14.0 (8.0) 244 (14.2) 21.6(8.5) 0.289
Mean (SD)
Cohesion 563 (10.3) 57.3(7.6) 48.0 (24.0) 54.0(14.2) 532(13.2) 55.0(10.8) 0.983
environment Expressiveness. 467 (6.5) SL1(7.7) 435 (49) 507 (9.7) 482(27) 49.2(6.7) 0.605
Mean (SD)
Conflict 49.3(10.5) 48.0(9.7) 520(11.3) 40.3(6.4) 45.2(13.9) 46.9(10.2) 0.582
Independence 423(92) 43.4(7.4) 57.0(5.7) 423 (4.6) 482 (12.1) 45.3(8.8) 0.380
Achievement 49.0(35) 48.8(8.5) 50.0(8.6) 53.3(12.5) 53.2(115) 50.5(8.6) 0.801
Intellectual-cultural 487 (8.6) 456(9.1) 415(78) 503 (5.6) 478(132) 467 (94) 0799
Active-recreational 480(50) 503 (11.0) 530(0.0) 467 (15.0) 512(1038) 500(98) 0.805
Moral-religious 59.3(29) 55.0(9.9) 56.0 (7.1) 59.3(7.6) 56.0 (6.1) 56.4(7.7) 0.908
Organization 65.0(35) 59.5(4.7) 63.5(7.8) 60.0 (10.8) 64.2(2.7) 61.7(5.5) 0.367
Control 627(64) 583 (10.0) 540(7.1) 610(35) 606 (8.7) 593(82) 0775

“MPS, mucopolysaccharidoses; SD, standard deviation. *Asterisks indicate st

istical significance.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Psychobehavioral factors and family functioning in mucopolysaccharidosis: preliminary studies



		1 Introduction



		2 Materials and methods



		2.1 Study design and population



		2.2 Cognitive function



		2.3 Children’s behavioral and emotional mental health



		2.4 Adaptive behavior



		2.5 Family functioning



		2.6 Caregiver burden



		2.7 Quality of life



		2.8 Coping techniques



		2.9 Statistical analysis









		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1305878-g001.jpg
communication
performance directly
proportional to

problems

related to Significant
mental health impact on the
predominantin communication
neuronopathic domainin MPS
forms liand Il

Similar quality ‘Most reported

of life among. were Problem-
family associated ith Focused
members with higher caregiver COP”\&
different types Qualityoflife 4% Emotion and
of MPS Avoidant
Coping

caregiver burden

! .
was negativel 2 Copin
i b Caregiver Ping
associated wi st
quality of life :
i

N,

Similar better > )
caregiver cultural/intellectual ¢ intellectual/cultural No difference
burdenamong positvely sssociated 7 sorientation prasentad between coping,

members with ‘with higher caregiver wil:a Benedr:mk?lgmr ‘technigues
differenttypes QlisiHyofifta "f:j;niq::;"“ between types
of MPS of MPS.

Lower results in'
independence,

nodifferences
in any family

intellectual- Al
functioning
cultural, ?
: domains
activity- "
5 accordingto
recreation, and

. MPs
expressiveness B





OPS/images/fpubh-12-1305878-t001.jpg
Typology Conditions

Independence orientation Independence 269 and independence > achievement/assertiveness

Achievement orientation/assertiveness  Achievement/assertiveness 260 and achievement/assertiveness > intellectual/cultural AND moral / religiosity
Intellectual/cultural orientation Intellectual/cultural >60

Moral and religious orientation A—Moral/religious structure moral/religiosity >60 and moral/religiosity > intellectual/cultural

B—Moral/religious dysfunction moral/religiosity >60 and moral/religiosity > intellectual/cultural and organization <50
Support guidance Cohesion OR expressiveness OR both 260 and cohesion and expressiveness > conflict
Conflict orientation Conflict 260

Disorganization orientation Organization <50





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Psychobehavioral factors and
family functioning in
mucopolysaccharidosis:
preliminary studies












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
& frontiers Frontiers in Public Health






