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Abstract
Background
Cystic Fibrosis (CF) and autism spectrum disorder (ASD) are life-long conditions with intense treatment burdens for patients and families. Patients with a concurrent diagnosis (CF-ASD) experience unique challenges to CF care. This study describes the experiences of our multidisciplinary CF team in caring for patients with CF-ASD and provides insight into provider and parental perspectives on clinical management.
Methods
This is a three-part IRB-approved study involving 1) retrospective chart review of patients with CF-ASD, 2) qualitative interviews with multi-disciplinary care teams, and 3) qualitative interviews with caregivers of patients with CF-ASD. Challenges in clinical management of this specific cohort were compiled using data from chart review and care team interviews. Strategies to address these challenges were identified and rated by individual families based on relevance and practicality.
Results
Within our CF center, 12 patients have an official diagnosis of ASD. Median age of patients with CF-ASD was 8.5 years (range 3-20 years), 75% were male, and 83% were on highly effective modulator therapy. Clinical challenges included sensory processing issues, environmental overstimulation, intolerance to procedures and disrupted routines. Potentially impactful strategies include patient-specific coping plans, guided behavioral interventions, parental advocacy, and improved communication between the family and multidisciplinary team.
Conclusions
Children with CF-ASD face extraordinary challenges beyond the experience of neurotypical children with CF. Increased awareness of this complex dual diagnosis will help providers be sensitive to the unique needs of these patients, to help build consistent and trustworthy relationships with families, and to provide effective clinical care despite limitations.


BACKGROUND
Cystic Fibrosis (CF) and autism spectrum disorder (ASD) are life-long conditions, each with potential to involve intense treatment burdens for patients and families. About 30,000 people with CF (PWCF) live in the US[endnoteRef:1]. The prevalence of children with ASD in the US is 1 in 44 eight-year-old children, although this varies based on diagnostic resources, ethnicity, and socioeconomic status.[endnoteRef:2] The number of patients with CF-ASD is unknown and may be underestimated due to variability in ASD diagnosis. Despite tremendous progress in early diagnosis, education and medical care delivered to children with CF or ASD, there has been limited research addressing the clinical and psychological implications for those with concurrent CF-ASD. This dual diagnosis compounds the challenges faced by patients, caregivers, and medical teams, especially as the common co-morbid conditions of ASD (mood/behavioral/sleep disorders, intellectual disability, gastrointestinal (GI) and eating disorders, etc.) complicate CF management and limit adherence to Cystic Fibrosis Foundation (CFF) clinical care guidelines.[endnoteRef:3]  [1:  Cystic Fibrosis Foundation. About Cystic Fibrosis. Available at: https://www.cff.org/What-is-CF/About-Cystic-Fibrosis. [Accessed 5/2/2022].]  [2: 
 Maenner MJ, Shaw KA, Bakian AV, et al. Prevalence and Characteristics of Autism Spectrum Disorder Among Children Aged 8 Years — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2018. MMWR Surveill Summ 2021;70(No. SS-11):1–16. DOI: http://dx.doi.org/10.15585/mmwr.ss7011a1external icon
]  [3:  Cystic Fibrosis Foundation. Clinical Care Guidelines. Available from: https://www.cff.org/medical-professionals/clinical-care-guidelines. [Accessed February 2022].
] 

This study describes the complicated clinical course of our CF-ASD population at a single CF care center as well as the experiences of our multidisciplinary team caring for children with CF-ASD and concrete perspectives from caregivers who manage their child’s daily care. Our aim is to promote awareness of the challenges inherent in caring for these children, explore practical interventions to help improve clinical outcomes, encourage parental advocacy, and reduce healthcare disparities in this special population. 
METHODS
[bookmark: _Hlk110513151]This is a three-part IRB-approved study involving 1) retrospective chart review of patients with CF-ASD followed at our CF center between January 2018 and June 2021, 2) qualitative interviews with the multi-disciplinary care team, and 3) qualitative interviews with caregivers of patients with CF-ASD. A full HIPPA waiver was approved for this study (STUDY00000644).  To better understand our center’s CF-ASD population, patient demographics and clinical outcomes during the study period were reviewed as part of the chart review. CF diagnosis was confirmed by sweat chloride testing and mutation analysis. ASD diagnoses were made by a multidisciplinary team of clinical psychologists, pediatric neurologists, and speech-language pathologists, using direct observations, developmental history, age-appropriate developmental measures, and parental interviews. CF care providers representing social work, pharmacy, nursing, dietary, child life, respiratory therapy, and pulmonary and GI medicine were interviewed about their clinical experiences managing needs of CF-ASD population. Challenges were identified as well as potential strategies to address these issues were discussed by the team. Finally, caregivers were approached by phone for permission to discuss their experiences as part of this study. Clinical management strategies were presented to families, who rated them based on relevance and practicality for their individual child’s needs. Additional caregiver recommendations of management strategies were encouraged. 
RESULTS
[bookmark: _Hlk96350499]Of the 487 PWCF followed at our center, 14 have an official diagnosis of ASD. Two patients older than 20 years were excluded. One patient died due to accidental trauma, but her clinical data during the study period was included. Patient demographics and clinical outcomes are reported in Table I. Median age of patients with CF-ASD was 8.5 years (range 3-20 years), 75% were male, and 83% were on highly effective modulator therapy (HEMT). Two-thirds of the children required special education resources at school. Clinical challenges faced by the multidisciplinary team and potential strategies to manage concerns in the outpatient (Table II) and inpatient (Table III) settings are described.  Figure II displays the strength of parental support for each suggested intervention. 
[bookmark: _Hlk110501965]Insert Table I: Demographic and clinical characteristics of patients with CF-ASD

DISCUSSION
Patients with CF-ASD experience and present with unique difficulties in maintaining CF-specific care. In the following sections, we highlight the various clinical care domains that are impacted by this dual diagnosis and elaborate on the concurred strategies to address these concerns.
Entering the clinic or hospital
CFF guidelines recommend quarterly visits with the CF care team for children six years and older to monitor pulmonary and nutritional status.3 Clinic visits disrupt daily therapy schedules and school routines, and parents observe heightened anxiety and stress when children are informed about these visits or recognize familiar visual signals of the hospital (i.e., highway signs, elevator). Hospital entry alone can trigger strong emotional and/or behavioral reactions based on prior experiences. With universal masking practices, children with CF-ASD may struggle with mask adherence given increased resistance to tactile stimulation. Even though families have been working on tolerance to facemasks, a prolonged multidisciplinary clinic may exceed the hours of mask-wearing that young patients can endure. Behavioral interventions such as graduated exposure, shaping, contingent reinforcement, and escape extinction to help build tolerance to basic infection control procedures (hand washing, face touching, face masks) may be effective.[endnoteRef:4],[endnoteRef:5] [4:  Sivaraman M, Virues-Ortega J, Roeyers H. Telehealth mask wearing training for children with autism during the COVID-19 pandemic. Journal of Applied Behavior Analysis. 2020, 9999:1-17. Available from: doi:10.1002/jaba.802.
]  [5:  Halbur M, Kodak T, McKee M, Carroll R, Preas E, Reidy J, Cordeiro MC. Tolerance of face coverings for children with autism spectrum disorder. Journal of Applied Behavior Analysis. 2021; 54:600-617. Available from: doi.org/10.1002/jaba.833.
] 

[bookmark: _Hlk110502048]Insert Table II: Challenges and potential solutions identified by the multi-disciplinary CF 
team for patients with CF-ASD in the outpatient setting
[bookmark: _Hlk107391717]
In the clinic 
The clinic space introduces a closed environment with new sounds, smells, lights, and textures that may make children with CF-ASD uncomfortable or explorative with unfamiliar medical equipment. They demonstrate variable tolerance for being weighed or for having their vital signs accurately obtained. As clinic visits involve many team members from various disciplines, children with CF-ASD often demonstrate agitation with each new arrival. Communication barriers limit the ability to independently answer questions and providers must depend on parents to provide history and help interpret their child’s body language, changes in behavior, eating and stooling patterns, and other clinical symptoms. Physical discomfort can be expressed in a multitude of behaviors (lack of visible emotions, disruptive behavior, self-stimulation, mouthing objects, etc.) and symptoms may be missed due to atypical behaviors, limited verbal ability, and poor tolerance to examination. Children are generally calm when left alone, or when distracted with pre-planned reinforcement tools (electronics, rewarding toy, music, etc.). Child life specialists (CLS) can provide additional comfort or offer developmentally appropriate distraction during clinical tasks.
Procedures
Blood draws, imaging studies, and procedures such as eye examinations and electrocardiograms required to monitor HEMT are often quite stressful, particularly if staff are not prepared with ample time or support. A simple telephone call or utilizing the electronic medical record to ‘flag’ the diagnosis of ASD will ensure better communication and preparation by all the personnel involved in obtaining these tests. CLS and mental health coordinators (MHC) can create and share patient-specific coping plans and encourage parents to advocate for the best strategies that are generally effective for their child.  When sedation is required, elective procedures (labs, imaging, etc.) should be clustered together to maximize benefits from a single sedation encounter.
[bookmark: _Hlk110502112]Insert Figure I. Samples of coping plans for blood draws and throat swab developed by parents

Inpatient admission
Inpatient admissions were common in our cohort, with every patient requiring at least one admission, and 50% requiring at least four admissions during the study period. Of the 74 total admissions, 31% were for post-procedural observation and 69% for CF exacerbations or GI complications (constipation/distal intestinal obstructive syndrome/intussusception). Hospitalization introduces new environments and medical procedures that challenge daily routine. Wake-up times and nurses’ manner of delivering morning clinical cares can impact the child’s mood and cooperation for the entire day. Intravenous lines, changes in diet, additional medications and chest therapies, and multiple new medical providers can be quite stressful. Different brands of equipment (vests, feeding pumps, etc.) may either spark sensorial interest or result in poor tolerance due to unfamiliarity. Children may require continuous supervision for safety with the responsibility falling on parents or nursing staff. Changes in sleep environment and nocturnal interruptions for clinical care can increase maladaptive behaviors.
To optimize inpatient care, medical teams should welcome parental insight into behavioral management. Flexibility in timing of vitals, blood draws, chest therapies, and mealtimes should be considered to improve behavioral tolerance. Additional medications to address situational agitation, behaviors, and insomnia may be required. The length of stay may be difficult to determine as patients often never achieve their baseline routine while admitted. 
[bookmark: _Hlk110502178]Insert Table III:  Challenges and possible solutions identified by multi-disciplinary CF team 
for patients with CF-ASD in the inpatient setting 

Medication and therapy complications
Frequent chest therapies and multiple timed medications required for CF management can be challenging for those with ASD. Children who have been taking the same medication via the same method (i.e., pancreatic enzymes in applesauce) for years build a healthy tolerance for their routines. Any necessary changes to the routine during illnesses or when introducing new therapies can trigger resistance given differences in quantity, texture, appearance, smell, or timing of medication administration. Providers rely on parents to establish daily routines and engage in problem-solving for medication adherence, which could take up to a month to recalibrate to a new treatment regimen. The child’s ability to swallow pills or tolerate the texture of granules or capsules may limit medication options, and the absorption and efficacy of medications that require timely intake of food and fluids (pancreatic enzymes, laxatives, etc.) may be impacted due to intolerance of rate or volume of consumption.  Given the length of treatments and tactile discomfort of VEST therapies, routine airway clearance may be inadequate in some children.
While the addition of HEMT may allow for a reduction in CF treatment burden over time, important drug interactions with commonly used medications to manage behavioral and insomnia symptoms in ASD should be recognized. In our cohort, the most common non-CF medications used were for insomnia (melatonin, mirtazapine, clonidine, hydroxyzine), followed by medications for mood disorders (selective serotonin reuptake inhibitors, atypical antipsychotics), and attention deficit hyperactivity disorder (psychostimulants). Close collaboration with physicians, pharmacists, and mental health providers is essential for safe use of psychotropic medication, with caution regarding drug-drug interactions, drug efficacy, and adverse effects.
Nutrition and Gastrointestinal complications
[bookmark: _Hlk110503770]Children with ASD often experience feeding difficulties including significant food selectivity, food refusal and textural intolerance.[endnoteRef:6] Comorbid gastroesophageal reflux disease, irritable bowel syndrome, celiac disease, and inflammatory bowel disease (IBD) are common in ASD.[endnoteRef:7]  In those with CF-ASD, addition of pancreatic insufficiency with malabsorption and constipation further complicates nutritional management. CF dietitians play a crucial role in helping achieve daily caloric and fluid goals, maintaining vitamin levels, and ensuring adequate fat intake with HEMT. Supplemental high-calorie formula taken orally or via gastrostomy tube (GT) may sometimes be necessary. In our CF-ASD cohort, 90% are pancreatic insufficient, and two patients require GT feeding with additional supplementation. Providers must work with families to adjust enzyme dosing, feeding regimens, and medications to optimize growth, and manage constipation. Simple rewards and incentives can be quite encouraging to the children. Collaboration with CF-knowledgeable gastroenterologists, dietitians, feeding therapists, and psychologists can be invaluable for sustained success in optimizing nutrition. [6:  Bandini LG, Anderson SE, Curtin C, Cermak S, Evans EW, Scampini R, Maslin M, Must A. Food selectivity in children with autism spectrum disorders and typically developing children. Journal of Pediatrics. 2010; 157(2): 259-264. Available from: doi:10.1016/j.jpeds.2010.02.013.
]  [7:  Bauman ML. Medical comorbidities in autism: Challenges to diagnosis and treatment. Neuropathics: The Journal of American Society for Experimental NeuroTherapeutics. 2010; 7: 320-327. Available from: doi:10.1016/j.nurt.2010.06.001.
] 

Endocrine complications
In this cohort, one patient had CF-related diabetes (CFRD) and two patients had impaired glucose tolerance. Children with CF-ASD may have difficulty completing the annual oral glucose tolerance testing recommended in the CFF care guidelines.3 They may refuse the glucola solution, be unable to drink it within desired time, or may not cooperate with sequential blood draws.  As diagnostic options are limited, endocrinologists may rely on sporadic glucose checks and hemoglobinA1C values for evaluation. Optimizing glucose control in those with CFRD can be difficult due to irregular glucose monitoring, dietary variations, intolerance to periodic insulin dosing, and sensory issues which preclude using technology such as insulin pumps.[endnoteRef:8]  Dietary modifications can be difficult given already unique and restrictive eating habits noted previously. Intensive education and a collaborative approach between family, dietitian, and endocrinologist is necessary to have some success in the management of CFRD. [8:  Oser TK, Oser SM, Parascando JA, Grisolano LA, Krishna KB, Hale DE et al. Challenges and successes in raising a child with type 1 diabetes and autism spectrum disorder: Mixed methods study. Journal of Medical Internet Research. 2020; 22(6). Available from: doi:10.2196/17184.
] 

Challenges for medical providers
Apart from patient-specific barriers, physicians often encounter barriers in making appropriate medical decisions as pertinent objective information is often suboptimal. Clinical recommendations generally rely on parental report of symptoms, incomplete physical examination, unreliable pulmonary function tests (PFT), and may occur without imaging or laboratory information that are more easily available in non-ASD children with CF. While PFTs remain an important tool for tracking lung function in PWCF, only four of our 12 patients were able to attempt interpretable PFTs given the effort and technique required. In general, we have been unable to use spirometry as a reliable clinical indicator.  While throat cultures are attempted regularly, the frequency is less compared to non-ASD patients.  Expectorating sputum for acid-fast bacterial (AFB) or fungal cultures is especially difficult, potentially delaying diagnosis and treatment. However, performing a bronchoscopy to solely obtain cultures is not recommended in the absence of clinical change.
Children with CF-ASD may require sedation to obtain adequate imaging studies or undergo procedures otherwise tolerated without sedation in children without ASD. Planning for any surgical procedure requires input from the multidisciplinary team and may require admission post-procedure to ensure maintenance of fluid and caloric intake, adequate pain management, and post-op tolerance of routine chest therapies.
Research Participation
CF research often excludes patients with ASD as they do not meet eligibility requirements or cannot tolerate study demands. Patients with severe ASD tend to be under-represented even in autism-directed research studies.[endnoteRef:9] Barriers to research include limited cognitive and/or language skills to comprehend the informed consent/assent process and study requirements, and poor tolerance during serial visits.[endnoteRef:10] The added stress of study procedures may deter research participation, but parents are often willing to participate if the visits are brief. Recently, parental participation at our center has increased with the use of electronic consent documents, allowing completion during quiet moments at home. However, researchers must maintain awareness of how frequently families are approached to reduce research fatigue.  [9:  Steadman A, Taylor B, Erard M, Peura C, Siegel M. Are children severely affected by autism spectrum disorder underrepresented in treatment studies? An analysis of the literature. Journal of Autism and Developmental Disorders, 2019; 1378-1390. Available from: doi:10.1007/s10803-018-3844-y.
]  [10:  Lloyd D. Obtaining consent from young people with autism to participate in research. British Journal of Learning Disabilities. 2013; 41, 133-140.
] 

Parent/caregiver experience
Parental insight into sensory preferences, communication patterns, emotional reactions, behaviors, coping strategies, and effective interventions must be acknowledged as valuable information by the medical team. Providing full-time care for these children is often stressful. In a study comparing family stress of PWCF to those of patients with ASD, the treatment and emotional impact of ASD was higher than CF, with either diagnosis causing more stress than in control groups.[endnoteRef:11] The CF social work team can be instrumental in directing families to appropriate social networks, financial resources, local support services, and school-specific guidance. During hospitalizations, parents are encouraged to utilize hospital amenities for some respite and self-care. Caregivers have benefited from peer support and online communities especially when medical providers set high expectations for learning, understanding, and managing symptoms9.  [11:  Bouma R & Schweitzer R. The impact of chronic childhood illness on family stress: A comparison between autism and cystic fibrosis. Journal of Clinical Psychology. 1990; 46 (6): 722-730. Available from: doi: 10.1002/1097-4679(199011)46:6<722:aid-jclp2270460605>3.0.co;2-6.
] 

[bookmark: _Hlk110502234]Insert Figure II: Caregiver preferences for interventions in outpatient and inpatient settings

ASD in other chronic diseases
Children and families with ASD and other chronic medical conditions experience diagnostic and management challenges similar to their CF-ASD peers, with significant effect on their quality of life.1 For example, children with ASD-Type 1 Diabetes mellitus (T1DM) are less likely to use insulin pumps and require more frequent glucose checks compared with their non-ASD peers, as social/physical cues to help identify hyperglycemia or hypoglycemia may be unreliable. Despite more frequent glucose checks, children with ASD-T1DM are less likely to achieve goal HemoglobinA1C.[endnoteRef:12] There is an increased prevalence of IBD in children with ASD, and children with ASD-IBD have been shown to require more second-tier biologic therapies than their non-ASD counterparts.[endnoteRef:13] Children with ASD have an increased risk for epilepsy, with the dual diagnosis resulting in increased behavioral challenges, independent of cognitive function.[endnoteRef:14] Mothers of children with ASD-epilepsy have lower perceived quality of life compared with mothers of children with ASD alone, suggesting an added care-burden from a disease process that requires close monitoring and diligent medication administration.[endnoteRef:15] The addition of ASD to already complex medical disease substantially increases complexity of management for parents and care providers. [12:  Bethin KE, Kanapka LG, Laffel LM, Majidi S, Chaytor NS, MacLeish S, et al. Autism spectrum disorder in children with Type 1 diabetes. Diabet Med. 2019;36(10):1282-6.
]  [13:  Lee M, Krishnamurthy J, Susi A, Sullivan C, Gorman GH, Hisle-Gorman E, et al. Association of autism spectrum disorders and inflammatory bowel disease. J Autism Dev Disord. 2018;48(5):1523-9.
]  [14:  Viscidi EW, Triche EW, Pescosolido MF, McLean RL, Joseph RM, Spence SJ, et al. Clinical characteristics of children with autism spectrum disorder and co-occurring epilepsy. PLoS One. 2013;8(7):e67797. 
]  [15:  Celik H, Acikel SB, Ozdemir MAF, Aksoy E, Oztoprak U, Ceylan N, et al. Evaluation of the clinical characteristics of children with autism spectrum disorder and epilepsy and the perception of their parents on quality of life. Epilepsy Res. 2021;172:106599.] 

LIMITATIONS
This retrospective chart review of small sample size is limited due to number and our single-institution experience. Other CF centers may experience and approach the CF-ASD overlap in a different manner. We have likely failed to capture all real-world challenges faced by these children and their families.
FUTURE DIRECTIONS
Future research should examine the health-related behaviors impacting this population, particularly regarding efficacy and practicality of various interventions. Long-term health outcomes and survival of patients with CF-ASD may differ from those without ASD. Aligning with current CFF initiatives to promote mental health and well-being of PWCF, and to reduce disparities in clinical care, awareness of this special population could help direct educational, medical, socioeconomic, professional, and research-related resources to these vulnerable children and families. Additionally, the potential impact of and interactions between CF medications (especially HEMT) and psychiatric medications is important to investigate and determine efficacy and safety profiles.
CONCLUSION
[bookmark: _Hlk102461673]Children with CF-ASD face extraordinary challenges beyond the experience of neurotypical children with CF. Increased awareness of this complex dual diagnosis will help CF providers be sensitive to the unique needs of these patients, to build consistent and trustworthy relationships with caregivers, and to provide effective clinical care despite limitations. 
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