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Health-related Issues in Individuals with 

Agenesis of the Corpus Callosum

Abstract

Objectives
To explore and compare the prevalence and expression of specific health-related variables in a large survey sample of persons with agenesis of the corpus callosum (ACC) and their siblings. 

Methods
Caregiver surveys of individuals with ACC (N=189) and their siblings (N=189) provided data regarding diagnoses, physical features, neurological and sensory information, feeding, elimination, and sleep concerns, and some behavioural features.

Results

Compared to their siblings, individuals with ACC had more concurrent conditions and were more likely to have altered pain perception and sensitivity to touch.  In addition, individuals with ACC had more sensory deficits and abnormalities as well as altered patterns of feeding/eating, elimination, and sleep.
Conclusions
These data raise important questions for future research and suggest the need for increased vigilance by caregivers and healthcare professionals of individuals with callosal disorders. Early detection and intervention may help prevent or ameliorate health problems in this population. 

Health-related Issues in Individuals with 

Agenesis of the Corpus Callosum

Introduction


Agenesis of the corpus callosum (ACC) is a congenital brain anomaly involving either complete or partial absence of the corpus callosum. Researchers estimate the incidence to be as high as four per 1,000 in the general population with a higher rate (2.2% to 2.4%) among individuals with developmental disabilities (Jeret et al., 1987; Shevell, 2002; Wisniewski & Jeret, 1994). ACC sometimes is associated with other conditions such as hydrocephaly, microcephaly, chromosomal anomalies, and other neurological abnormalities (e.g., Jeret et al., 1987), though some individuals have few additional conditions (e.g., Brown et al., 2005). 


Researchers report a variety of health and behavioural outcomes sometimes associated with ACC including seizures, mental retardation, and developmental delays (Njiokiktjien, 1991; Shonkoff & Marshall, 2000; Wisniewski & Jeret, 1994). Other possible outcomes include vision and hearing impairments (Goodyear et al., 2001; Marszal, et al., 2000; Skinner & Hickson, 2002), coordination problems, muscle spasticity, or cerebral palsy (Goodyear et al., 2001, Marszal et al., 2000; Schilmoeller & Schilmoeller, 2000; Taylor & David, 1998), communication and language problems (Brown, et al., 2005; Paul, et al., 2003; Sorensen, 1997; Stickles, Schilmoeller, & Schilmoeller, 2002) and cognitive and psychosocial deficits (Brown & Paul, 2000). In addition, parents frequently report health concerns such as feeding or sleep issues, elimination problems, and unusual tolerance for pain (O’Brien, 1994; Schilmoeller & Schilmoeller, 1997, 2000; Ng et al., 2004).

Researchers are just beginning to investigate health-related issues in individuals with ACC that extend beyond determination of aetiology and description of neurological disorders and concurrent conditions (O'Brien, 1994; Schilmoeller & Schilmoeller, 2000). Further, existing studies are primarily descriptive, often investigate small samples, and frequently lack a comparison group. The purpose of this study is to further the investigation of health-related issues in a larger sample of individuals with ACC by including a comparison group and by analyzing less studied health-related variables that affect daily living. The use of siblings for comparison aids in controlling for family history and environment. The comparison group assists in the identification of health-related factors that present more commonly or differently in individuals with ACC. Physical characteristics and neurological data also are compared with previously reported studies from more clinical populations. Implications for health professionals who care for individuals with ACC are discussed.

Methods

Procedure


 Twenty-one hundred surveys were mailed internationally to families who have been in contact with the ACC Network (an education and support organization for families with a member with ACC and interested professionals). Seven hundred and thirty-three surveys were returned for a response rate of 35%. A follow-up survey was mailed to 590 of these families who indicated the individual with ACC had a sibling in their household. In this survey, we requested information concerning the sibling closest in age to the individual with ACC without a diagnosis of ACC. The original survey was modified slightly to focus on a person without ACC. Two hundred nineteen sibling surveys were returned for a response rate of 37%.  Of these, 189 had siblings with complete or partial ACC. The data set in this article includes these 189 siblings and their matched siblings with ACC. The other 30 siblings had a brother or sister with hypoplasia (thin) of the corpus callosum. These pairs are not included in this study.

A university human subjects review board approved all procedures and protocols used in this study. Data analysis involved the use of the Statistical Package for Social Sciences (SPSS).

Participants


The mean age of individuals with ACC was 8.1 years with a range of 4 months to 29.3 years old. The mean age of the siblings was 11.9 years with a range of 1.5 years to 34.2 years.  The majority of persons represented in this sample were white (93.1% of individuals with ACC; 94.7% of the siblings), but the sample also included Hispanic (3% of the individuals with ACC; 2% of the siblings), Asian (2% of the individuals with ACC; 1% of the siblings) and "other" race or ethnicities (0.5 % of the individuals with ACC; 2% of the siblings).   Surveys for three of the individuals with ACC (2%) did not list the race or ethnicity.

Respondents were overwhelmingly birth mothers (for 93.1 % of individuals with ACC; 88.3% of siblings), and birth fathers (for 4.8 % of individuals with ACC; 5.3% of siblings). The remaining respondents were other family members or unrelated caretakers. The mean age of the mothers at the birth of the individual with ACC was 29.7 years (range 17.1 to 42.4). The mean age of the fathers at the birth of the individual with ACC was 32.3 years (range 18.8 to 49.7). The mean years of education completed by the respondents for individuals with ACC was 14.8 (range nine to 18 years) and for the spouses of the respondent was 14.8 (range eight to 18 years). For the siblings, the mean years of education of the respondents was 14.8 (range six to 18 years) and for the respondents’ spouses was 15.0 years (range eight to 18 years).

 Instrument 

Survey questions were based on a literature review of previous studies of children with ACC (O’Brien, 1994, Schilmoeller & Schilmoeller, 2000), anecdotal information from families and professionals who contacted the ACC Network, and themes raised on the ACC-L, a listserv for information pertaining to ACC. The survey covered a wide range of demographic, diagnostic, physical, health-related, cognitive, social, communication, and behavioural questions. Informants were instructed to review their medical records or consult with their medical professionals to obtain the most accurate information when necessary. They were encouraged to leave items blank if they felt they could not answer accurately. Data of interest to this research project include diagnostic information, physical features, neurological and sensory information, feeding, elimination and sleep issues, and some behavioural features.

 Results

Concurrent Diagnoses  


In the survey, respondents indicated whether the person with ACC and the sibling had diagnoses of other concurrent medical or behavioural conditions. Persons with ACC were reported to have a significantly higher rate than siblings of being diagnosed with autism (or autistic-like behaviours), cerebral palsy, developmental delay, hydrocephaly, learning disability, mental retardation, seizure disorder, microcephaly, and obsessive-compulsive disorder (see Table 1).  Though 27.3% of the individuals with ACC had seizure disorders, 41.2% had at least one seizure. We should note that 80.7% of individuals with ACC were diagnosed with developmental delay, while only 2.1% of siblings had the same diagnosis.

Physical Features  


Persons with ACC were reported to more likely to have cleft palate, eyes set wide apart, slanted eyes, low-set ears, and usual head shape (see Table 2). On the other hand, only one person with ACC and one sibling had cleft lip. In addition, individuals with ACC were reported to have hypotonia significantly more often than their siblings, t (160) = 5.326, p < .001.
Sensory issues


On a scale of 1 (“little or no sensitivity”) to 5 (“much more sensitivity than average”), respondents reported that persons with ACC had significantly lower pain perception (M = 2.27) than the siblings (M = 3.04), t (179) = -9.227, p < 0.001 (see Table 3). Indeed, more than half (56.2%) of the individuals with ACC were reported to experience less pain perception than average or to show little or no pain perception (i.e., have high pain tolerance) compared with only 4.4% of the siblings. Persons with ACC were more sensitive to touch (M = 3.47) than the siblings (M = 3.01).  This difference was statistically significant, t (175) = 5.55, P < 0.001. 

Vision and Hearing 


For 11 of the 16 categories of vision difficulties, respondents reported that significantly more persons with ACC had problems than the siblings (Table 4). Among them, depth perception difficulty, eye muscle control, farsightedness, nystagmus, and strabismus were the problems most frequently reported (more than 10%) for individuals with ACC. Significantly more children with ACC also wore corrective lenses than their siblings.


More persons with ACC wore electronic hearing aids than siblings.

Respondents also indicated that significantly more individuals with ACC experienced hearing loss due to ear infections than their siblings. 

Feeding and Elimination

We also asked the respondents to indicate whether there were any issues associated with feeding and elimination.  Fewer persons with ACC (58.4%) were reported to display adequate sucking reflex at birth compared to siblings (80.3%).   More persons with ACC (20.0%) had gastric feeding tubes (now or in the past) than their siblings (1.2%).  Both differences were statistically significant.  In addition, on a scale of 1 (“never or rarely”) to 3 (“often”), persons with ACC were more likely to try to eat things other than food (see Table 5). Furthermore, compared to their siblings, persons with ACC were more likely to have difficulty with chewing and swallowing, to experience reflux, and not to know when they have had enough food or fluid than their siblings. 

As shown in Table 6, persons with ACC were more likely to have difficulty with bladder control, to experience constipation and diarrhoea than their siblings.  These differences were statistically significant in each of these cases. On the survey, we also asked questions regarding toilet training. Among those 50 sibling pairs who were both toilet trained, regardless of their ages, respondents reported that persons with ACC were toilet trained later than their siblings.  This trend is further substantiated when comparing those 74 sibling pairs who were both 5 years or older. While only one sibling was not toilet trained, 30 individuals with ACC (40.5%) were not. Additionally, of those with ACC over five years of age who were toilet trained, 25.7% accomplished this skill “very late.”
Sleep
On the survey, respondents answered questions about sleep-related activities Given that it is typical for infants and younger children to have irregular sleep patterns, the analyses were conducted only for those aged 5 or older.  The results indicated that more siblings (74) showed a regular sleep pattern with very few difficulties than persons with ACC (42).  This difference was statistically significant, McNemar x2(1) = 13.26, p < 0.001.  As shown in Table 7, on a scale of 1 (“very rare”) to 3 (“very frequent”), persons with ACC were more likely to have difficulty getting to sleep, to wake up during the night, and to have enuresis as compared to the siblings.  However, there was no statistically significant difference with respect to having disturbing behaviours or having night terrors/bad dreams.

Activity Level

On a scale of 1 (“very underactive”) to 5 (“very active”), persons with ACC were reported to be less active (M = 2.54) than their siblings (M = 3.12).  This difference was statistically significant, t (178) = -5.82, p < 0.001.  Almost forty-seven percent (46.9%) of individuals with ACC were very or slightly underactive, while only 4.5% of siblings were in the same categories.

Self-Injurious Behaviour and Aggression

In the survey, respondents were asked to rate an array of behaviour exhibited by persons with ACC and the siblings on a scale of 1 (“very rare or not true”) to 3 (“very frequent or common”).  Compared to the siblings, respondents rated persons with ACC as more likely to exhibit self-injurious behaviour, physically attack other people, suddenly lash out/hit for no apparent reason, deliberately destroy things, need assistance to restrain, be stubborn, and to have temper tantrums.  However, with the exception of being stubborn (M = 1.77) and having temper tantrums M = 1.60), all ratings were below 1.5.  This suggests that even though persons with ACC might exhibit certain behaviours more frequently than siblings, they are generally not very common.

Mood 


Respondents also were asked to rate the mood of persons with ACC and the siblings on a scale of 1 (“never/rare”) to 4 (“almost always”).  In general, siblings were rated as more relaxed (M = 3.21) than persons with ACC (M = 2.95).  In contrast, persons with ACC were rated to be more likely to show quickly changing moods, to show very little emotion of any kind, and to exhibit mood that is out of place.  However, all these ratings were under 2 (range = 1.39 to 1.88), suggesting that persons with ACC in this study did not often exhibit these behaviours.

Discussion


Due to advances in technology and medicine, persons with callosal abnormalities are more likely to be identified today than in the past (Goodyear et al., 2001; Jeret et al., 1987). Previous research and anecdotal evidence suggest there are additional health-related variables that have important implications for this population (O’Brien, 1994; Schilmoeller & Schilmoeller, 2000). The purpose of this study was to compare health indicators collected as part of a larger survey of parents of individuals with callosal disorders and of their siblings. Although preliminary, this information may increase awareness and facilitate early detection and treatment of some health-related issues in persons with callosal disorders.


Physical features and medical diagnoses




Syndromes associated with callosal disorders (e.g., Andermann, Arnold Chiari, Aicardi) were rarely reported in this study, yet some abnormal physical features (e.g. wide set eyes, low-set ears, unusual head shape), additional brain anomalies (e.g. hydrocephaly and microcephaly), and cerebral palsy were reported as more common in the individuals with callosal disorders than in their siblings. Seizure disorders were also more prevalent for these individuals than their siblings, but the reported incidence was lower than most other published studies (Goodyear, et al, 2001; Jeret, et al, 1987; Lacey, 1985; Serur, et al, 1988; Shevell, 2002; Taylor & David, 1998; Wisniewski & Jeret, 1994). Factors that may be responsible for this difference include the current study’s drawing from a population of participants seeking family support, rather than medical intervention, and survey instructions that directed respondents to identify only professionally diagnosed seizure disorders.    


Data analysis also included additional diagnoses and behaviours identified in previous research. Persons with callosal disorders were more likely than their siblings to be diagnosed with autism and obsessive-compulsive disorder, but there was no significant difference between these groups in the diagnosis of attention deficit disorder (ADD), attention deficit-hyperactivity disorder (ADHD), or hyperactivity disorders. Yet respondents reported difficult behaviours, such as temper tantrums, suddenly lashing out, and self-injury, more commonly in the children with callosal conditions than in their siblings. Additionally, almost half the caregivers in this study reported their children with a callosal condition had an increased sensitivity to touch, which might underlie some of the behavioural responses. 

Earlier ACC research documents attention problems, restlessness, obsessive/compulsive behaviours (Badaruddin, 2004; Everett, Schilmoeller, & Schilmoeller, 2002; Segenberger-Rosenbery, 2001), aggressive or self-injurious behaviour, irritability, and fearfulness (O’Brien, 1994; Schilmoeller & Schilmoeller, 1997) in this population. Yet, in persons with callosal disorders, it may be difficult to differentiate between a clinical behavioural disorder with a biological aetiology and what may be a response to difficulties in attending to stimuli (Everett, et al., 2002) or processing and integrating incoming sensory information due to callosal abnormalities (Badaruddin, 2004). This brings into question the use of pharmacological interventions in children and adults with callosal anomalies and whether alternative modes of intervention, such as behavioural therapy, should be considered more often. Additional research is needed to clarify these issues in the population with ACC.

 
The majority of respondents (80.7%) indicated their children with callosal conditions experienced developmental delays, supporting previous reports (Goodyear, et al., 2001; Schilmoeller & Schilmoeller, 2000; Serur, et al., 1988; Shevell, 2002; Taylor & David, 1998). Some cases in this study may be impacted by concurrent diagnoses, but the high incidence underscores the need for early and frequent developmental assessments by primary care practitioners, with prompt referral to developmental specialists, including physical, occupational, and speech therapists.  

Sensory issues


In this study, parents and caregivers reported persons with disorders of the corpus callosum have significantly less pain perception than their siblings, replicating previous work by Schilmoeller and Schilmoeller (2000). This supports anecdotal reports of children with callosal disorders who do not cry, complain of pain, or respond typically to illnesses such as ear infections or appendicitis, or to trauma such as broken bones or lacerations. Diminished sensitivity to cold also has been reported anecdotally (K.J. Schilmoeller, personal communication, 2004) and although this study found no significant differences between groups on this variable, it is possible respondents may be less likely to recognize this phenomenon unless frostbite occurs, a possibility only for those in cold weather regions. In addition to the consequences of untreated infections and injuries, persons with altered pain perception cannot learn from painful or injurious activities or report illnesses at early stages. Parents and caregivers run the risk of being accused of neglect or abuse when medical personal or other professionals detect unreported illnesses or injuries.


Other sensory issues include widespread reports of abnormalities affecting vision and hearing (e.g. Goodyear, et al., 2001; Jeret, et al., 1987; O’Brien, 1994). In this study, visual and hearing abnormalities were much more common in persons with callosal disorders. In addition to congenital hearing disorders, persons with callosal conditions also may be at increased risk of hearing loss resulting from repeated or untreated ear infections if they do not display the typical alerting response to earache pain. Indeed, a proportion of respondents (14.4%) reported hearing loss associated with frequent ear infections in their child with a callosal abnormality. Visual disturbances (e.g. strabismus, nystagmus, acuity deficits, and depth perception problems) were particularly common in this sample, and more than two-thirds of those surveyed reported experiencing vision problems currently or in the past. Health care providers and caregivers should be alert to individuals with callosal disorders who appear clumsy or experience frequent accidents, since communication difficulties may interfere with typical testing or articulation of sensory disturbances.

Feeding issues


 In this study, corroborating previously reported data (e.g., Ng, 2004), many more newborns with disorders of the corpus callosum experienced sucking difficulties at birth than did their siblings, and 20% required a gastric feeding tube at some time. Caregivers also reported their children with callosal conditions experienced difficulties chewing and swallowing foods, had gastric reflux, and were unable to recognize when they had eaten enough food significantly more often than did their siblings. Other food-associated behaviours, such as food refusal and overstuffing their mouths, have also been reported anecdotally (K.J. Schilmoeller, personal communication, 2004). Feeding problems could be related to hypotonia and poor muscle coordination, sensory deficits, or concurrent neurological or anatomical conditions. Prompt referral to feeding specialists may help prevent or ameliorate nutritional, behavioural, and psychological consequences often associated with early feeding and eating disorders.  

Elimination issues



 Elimination problems can create both practical and health-related consequences, and this survey suggests persons with callosal disorders have more difficulties with this activity of daily living than did their siblings. Respondents reported many children over the age of five with callosal conditions were not yet toilet trained (40.5%), or had accomplished the task very late (25.7%), while most of their siblings had successfully accomplished this developmental task. Constipation and diarrhoea were also more problematic in persons with disorders of the corpus callosum than in their siblings. Hypotonia, lower activity levels, or dietary factors may be contributing factors, as well as an altered sensory awareness of the typical “alerting” mechanism for elimination. As caregivers become less aware of bowel problems in their older, more independent children with callosal disorders, the potential for serious consequences (e.g., chronic constipation) arises.  Concurrent neurological conditions may account for some cases, but the relatively high incidence of late training and of bowel irregularities suggests a need for further study to clarify this phenomenon and provide caregivers with appropriate information.



Children and their families may face additional problems due to the social reaction to elimination difficulties, particularly since callosal disorders (in the absence of additional medical or physical diagnoses) are not visually apparent to others. Peers often reject children who are “untrained” or have elimination difficulties when they approach school age. Parents, too, can be subject to criticism, and may respond with undue pressure or punishment toward a child physically incapable of the complex physiological, neurological, and cognitive integration that is necessary for typical elimination habits.


Sleep concerns


 Respondents reported that individuals over the age of 5 with callosal disorders experienced significantly more sleep-associated difficulties, such as trouble getting to sleep, nighttime waking, and enuresis, than did their siblings. This supports previous research (O’Brien, 1994; Schilmoeller & Schilmoeller, 2000). Since sleep-related problems can have a deleterious effect on behaviour, learning, and family functioning, health-care providers should carefully assess caregiver concerns, provide family education and support, and consider referrals for sleep studies.  

Conclusion



  This study provides preliminary information for health-care providers and caregivers of persons with callosal disorders while identifying important questions for future research. Additional investigation of behavioural and developmental challenges, altered pain and sensory perception, eating, elimination, and sleep abnormalities for persons with callosal disorders is imperative to further the understanding of daily challenges for this population. 


Several limitations to this study are notable. This survey study consists of a self-selected sample of families involved in a parent support network and may not reflect the larger population of individuals with ACC. It includes a mix of persons with complete and partial agenesis, as well as those with additional neurological and diagnostic conditions. Distinctions were not made for these primary or concurrent diagnoses and future research could address these variables. In addition, respondents are asked to recall detailed health and medical information that may have occurred years before and although instructed in ways to increase accuracy, it is impossible to tell if parents and caregivers heeded these directions. On the other hand, O’Brien (1994) notes that large parental surveys afford an important way to expand the inquiry concerning variables related to rare disorders such as ACC. Parents have the opportunity to observe these variables over time, a luxury not often available to health care and other professionals who work with individuals with callosal conditions.


 Future studies may identify additional health-related concerns for those with ACC. Further, study designs might include prospective, longitudinal studies that identify specific health-related variables for objective data collection as well as caregiver reports and could focus on individuals diagnosed with callosal conditions in utero. Ideally, this would provide families and health-care providers with the best knowledge for providing responsive health care, education, and support for individuals with callosal disorders.
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Table 1

Frequencies and Percentages of Diagnosed Medical and Behavioural Conditions

	Condition
	Person with ACC
	Sibling
	P-value

	ADD without Hyperactivity
	13 (7%)
	7 (3.7%)
	p=0.210

	ADHD
	13 (6.9%)
	6 (3.2%)
	p=0.143

	Aicardi Syndrome
	2 (1.1%)
	0 (0%)
	p=0.500

	Andermann Syndrome
	0 (0%)
	0 (0%)
	p=1.000

	Arnold Chiari Syndrome
	3 (1.6%)
	0 (0%)
	p=0.250

	Asperger Syndrome
	3 (1.6%) 
	0 (0%)
	p=0.250

	Autism (or autistic-like behaviours)
	16 (8.5%)
	2 (1.1.%)
	p=0.001

	Cerebral Palsy
	30 (16.0%)
	0 (0%)
	p<0.001

	Choriorentinal Anomalies or Lacunae
	1 (0.5%)
	0 (0%)
	p=1.000

	Depression (or similar mood disorder)
	5 (2.7%)
	6 (3.2%)
	p=1.000

	Developmental Delay
	151 (80.7%)
	4 (2.1%)
	p<0.001

	Foetal Alcohol Syndrome
	0 (0%)
	1 (0.5%)
	p=1.000

	Hydrocephalus
	32 (17.0%)
	0 (0%)
	p<0.001

	Hyperactivity Disorder (without ADD)
	2 (1.1%)
	1 (0.5%)
	p=1.000

	Learning Disability
	56 (30.1%)
	8 (4.3%)
	p<0.001

	Mental Retardation
	59 (31.7%)
	1 (0.5%)
	p<0.001

	Microcephaly
	18 (9.6%)
	0 (0%)
	p<0.001

	Obsessive-compulsive Disorder
	15 (8.0%)
	5 (2.7%)
	p=0.021

	Schizophrenia or Psychosis
	0 (0%)
	0 (0%)
	p=1.000

	Seizure Disorder
	51 (27.3%)
	2 (1.1%)
	p<0.001

	Spina Bifida
	1 (0.5%)
	0 (0%)
	p=1.000

	Spinal Cord Abnormalities
	1 (0.5%)
	0 (0%)
	p=1.000



Table 2

Frequencies and Percentages of Physical Features

	Condition
	Person with ACC
	Sibling
	P-value

	Cleft Lip


	1 (0.5%)
	1 (0.5%)
	p=1.000

	Cleft Palate


	6 (3.2%)
	0 (0%)
	p=0.031

	Ears (Low-set)


	42 (22.2%)
	2 (1.1%)
	p<0.001

	Eyes (Set Wide Apart)


	36 (19.0%)
	1 (0.5%)
	p<0.001

	Eyes (Slanted)


	8 (4.2%)
	1 (0.5%)
	p=0.039

	Unusual Head Shape
	47 (24.9%)
	2 (1.1%)
	p<0.001



Table 3


Mean Ratings, Frequencies, and Percentages Among Those with ACC and Their Siblings Who Were Rated to Experience Pain, Touch, and Cold, Based on a 1-5 Scale (1 = Little or No Sensitivity; 5 = Much More Sensitivity Than Average).  

	Condition


	
	1
	2
	3
	4
	5

	Pain Perception*


	ACC

M=2.27
	44 (24%)


	59 (32.2%)
	69 (37.7%)
	6 

(3.3%)
	5 

(2.7%)

	
	Sibling

M=3.04
	4 (2.2%)


	4 

(2.2%)
	163 (88.1%)
	9 

(4.9%)
	5 

(2.7%)

	Sensitivity to Cold


	ACC

M=2.86
	16 (8.8%)


	37 (20.3%)
	94 (51.6%)
	26 (14.3%)
	9 

(4.9%)

	
	Sibling

M=2.98
	4 (2.2%)


	7 

(3.8%)
	163 (89.1%)
	8 

(4.4%)
	1 

(0.5%)

	Sensitivity to Touch*


	ACC

M=3.47
	9 (4.9%)
	6 

(3.3%)
	82 (45.1%)
	62 (34.1%)
	23 (12.6%)

	
	Sibling

M=3.01
	6 (3.3%)


	1

 (0.5%)
	163 (89.6%)
	9 

(4.9%)
	3 

(1.6%)


* p<0.001


Table 4

Frequencies and Percentages of Vision and Hearing Diagnoses

	Condition
	Person with ACC
	Sibling
	P-value

	Amblyopia
	3 (1.6%)
	0 (0%)
	p=0.250

	Blind (legally)
	12 (6.4%)
	0 (0%)
	p<0.001

	Blind (one eye)
	4 (2.1%)
	0 (0%)
	p=0.125

	Blind (totally)
	0 (0%)
	0 (0%)
	p=1.000

	Blind spots in visual field
	8 (4.3%)
	1 (0.5%)
	p=0.039

	Blurred vision
	7 (3.7%)
	0 (0%)
	p=0.016

	Corrective lenses
	52 (28.0%)
	33 (17.7%)
	p=0.026

	Depth perception difficulty
	40 (21.4%)
	1 (0.5%)
	p<0.001

	Difficulty seeing in low light
	4 (2.1%)
	0 (0%)
	p=0.125

	Eye muscle control difficulties
	35 (18.7%)
	7 (3.7%)
	p<0.001

	Farsighted
	26 (14.1%)
	8 (4.3%)
	p=0.003

	Myopia
	40 (21.6%)
	 31 (16.8%)
	p=0.263

	No peripheral vision
	8 (4.3%)
	0 (0%)
	p=0.008

	Nystagmus
	27 (14.4%)
	1 (0.5%)
	p<0.001

	Ptosis
	13 (7.0%)
	0 (0%)
	p<0.001

	Strabismus
	48 (25.7%)
	4 (2.1%)
	p<0.001

	
	
	
	

	Deaf (one ear)
	5 (2.7%)
	1 (0.5%)
	p=0.219

	Deaf (totally)
	1 (0.5%)
	0 (0%)
	p=1.000

	Electronic hearing aids
	7 (3.7%)
	1 (0.5%)
	p=0.031

	Hearing loss due to frequent ear infections
	27 (14.4%)
	5 (2.7%)
	p<0.001



Table 5

Mean Ratings, Frequencies, and Percentages Among Those with ACC and Their Siblings Who Were Rated to Experience Various Feeding Issues on a 1-3 Scale. (1 = Never or Rarely; 2 = Occasionally; 3 = Often)

	Condition


	
	1
	2
	3

	Usually picky and will only eat certain foods
	ACC

M=1.73
	80 (51.6%)


	37 (23.9%)
	38 (24.5%)

	
	Sibling

M=1.58
	81 (52.3%)


	58 (37.4%)
	16 (10.3%)

	Tries to eat things other than food*
	ACC

M=1.26


	124 (81.0%)
	18 (11.8%)
	11 (7.2%)

	
	Sibling

M=1.04


	147 (96.1%) 
	6 

(3.9%)
	0 

(0%)

	Chewing difficulties*
	ACC

M=1.79
	71 (48.6%)


	35 (24.0%)
	40 (27.4%)

	
	Sibling

M=1.00
	146 (100%)


	0 

(0%)
	0 

(0%)

	Swallowing difficulties*
	ACC

M=1.49
	93 (64.1%)


	33 (22.8%)
	19 (13.1%)

	
	Sibling

M=1.02
	142 (97.9%)


	3 

(2.1%)
	0 

(0%)

	Reflux*
	ACC

M=1.45
	85 (69.1%)


	21 (17.1%)
	17 (13.8%)

	
	Sibling

M=1.07
	117 (95.1%)


	4 

(3.3%)
	2 

(1.6%)

	Does not know when he/she has had enough food or fluid*
	ACC

M=1.50
	95 (64.6%)
	31 (21.1%)
	21 (14.3%)

	
	Sibling

M=1.05
	140 (95.2%)


	6 

(4.1%)
	1 

(0.7%)


* p<0.001

Table 6

Mean Ratings, Frequencies, and Percentages Among Those with ACC and Their Siblings Who Were Rated to Experience Various Elimination Issues on a 1-3 Scale. (1 = Never or Rarely; 2 = Occasionally; 3 = Often)

	Condition


	
	1
	2
	3

	Bladder Control Difficulties*
	ACC

M=1.96
	45 (39.1%)


	30 (26.1%)
	40 (34.8%)

	
	Sibling

M=1.10
	105 (91.3%)


	9 

(7.8%)
	1 

(0.9%)

	Constipation*
	ACC

M=1.79
	73 (47.4%)


	41 (26.6%)
	40 (26.0%)

	
	Sibling

M=1.23
	121 (78.6%)


	31 (20.1%)
	2

 (1.3%)

	Diarrhoea*
	ACC

M=1.44
	99 (63.5%)


	50 (32.1%)
	7 

(4.5%)

	
	Sibling

M=1.17
	130 (83.3%)


	29 (16.7%)
	0 

(0%)


* p<0.001


Table 7

Mean Ratings, Frequencies, and Percentages Among Those with ACC and Their Siblings Five Years or Older Who Were Rated to Experience Various Sleeping Conditions on a 1-3 Scale. (1 = Very Rare; 2 = Occasional; 3 = Very Frequent)
	Condition


	
	1
	2
	3

	Difficulty Getting to Sleep
	ACC

M=1.96
	8 (28.6%)


	13 (46.4%)
	7 (25.0%)

	P=0.020
	Sibling

M=1.54
	16 (57.1%)


	9 (32.1%)
	3 (10.7%)

	Wakes Up During the Night
	ACC

M=2.04
	6 (23.1%)


	13 

(50%)
	7 (26.9%)

	P=0.005
	Sibling

M=1.46
	16 (61.5%)


	8 (30.8%)
	2 

(7.7%)

	Disturbing Behaviours During Sleep 
	ACC

M=1.12
	22 

(88%)
	3 

(12%)
	0 

(0%)

	P=0.096
	Sibling

M=1.32
	18 

(72%)


	6 

(24%)
	1 

(4.0%)

	Night Terrors or Bad Dreams 
	ACC

M=1.27
	19 (73.1%)


	7 (26.9%)
	0 

(0%)

	P=0.770
	Sibling

M=1.31
	19 (73.1%)


	6 (23.1%)
	1 

(3.8%)

	Enuresis (Bed Wetting) 
	ACC

M=1.82
	12 (54.5%)


	2 

(9.1%)
	8 (36.4%)

	P=0.042
	Sibling

M=1.27
	18 (81.8%)


	2 

(9.1%)
	2 

(9.1%)
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