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Abstract

Background

It is often useful to ascertain whether adults have moderate to profound intellectual disability (ID) (approx. IQ<50; developmental age<108 months) when deciding whether to refer to specialist or mainstream services.  The aim of the present study was to develop a simple measure to estimate moderate to profound ID in adults with a potential need for specialist care.
Materials and Methods
322 individuals with information on home interviews from the Leicestershire Learning Disability Register were also assessed using the Vineland Adaptive Behaviour Scales.  A variety of variables concerning intelligence, adaptive functioning and dependency were used to predict developmental age (as estimated from the Vineland) using backward stepwise regression.  The derived equation formed the Leicestershire Intellectual Disability (LID) tool.  A cut-off point was chosen using a receiver operator characteristic (ROC) curve to achieve 95% sensitivity in identifying moderate to profound ID.

Results
Seven variables from the home interviews were found to predict estimated developmental age at the 10% level (p(0.1).  When the tool was used to detect adults with moderate to profound ID, the area under the receiver operating characteristic curve was 0.93.  The chosen cut-off point was 95% sensitive and 65% specific.  The positive predictive value was 95%, the negative predictive value was 65%, and the overall diagnostic accuracy was 91%.

Conclusions
These preliminary findings suggest that the LID tool may help to identify adults with moderate to profound ID among those with potential need for specialist care.  Further evaluation is recommended.
Introduction
In recent years there has been a shift in the delivery of health care for adults with intellectual disability (ID) towards ‘normalisation’, adopting an inclusive approach whereby people with ID are integrated into the community.  In England, the most notable example of this is the Government’s 2001 White Paper ‘Valuing People’, which outlined a commitment to inclusion, enabling people with ID to ‘make use of mainstream services’ (Department of Health, 2001).  Since then a number of policy initiatives have focused on the need to improve access to mainstream services in this population (Foundation for People with Learning Disabilities, 2004) (Disability Rights Commission, 2006) (Department of Health, 2003) (Learning Disability Task Force, 2004), thus helping people to ‘remain integrated in their communities, prevent social isolation and maintain independence’ (Department of Health, 2005).

The decision on whether adults are able to benefit from mainstream services or specialist services often depends on the severity of the disability they experience.  People with mild ID are often able to live independently with minimal specialist support while those with more severe ID often need more specialist support, for complex needs, to maximise their independence.  The distinction between mild and moderate to profound ID has been highlighted as an issue for the appropriate use of both mainstream and specialist psychiatric services in relation to individual need (Royal College of Psychiatrists, 1997, 2003).  An indicator of more severe ID is also important for assessing changes in prevalence over time, forecasting future service need and targeting at-risk populations.
In the UK, official policy recognises both intellectual impairment and adaptive social functioning impairment acquired during the developmental period (below age 18 years) as essential to the definition of ID (Department of Health, 2001).  The same definition is supported by the World Health Organisation, which has identified severity levels of ID within the ICD-10 (F70-F73) criteria, broadly equating to IQ and developmental age as follows: profound (IQ<20; <36 months); severe (IQ 20-34; 36 to <72 months); moderate (IQ 35-49; 72 to <108 months); and mild (IQ 50-69; 108 to <144 months) (World Health Organisation, 1992).  Most practitioners agree that ID should be assessed using a combination of intelligence tests and adaptive behaviour assessments (O'Brien, 2001).  However, these assessments are lengthy and resource intensive and are usually not available to healthcare professionals making a decision to refer to specialist or mainstream services.
Aims
The aim of the present study was to use a variety of intelligence, adaptive functioning and dependency variables to derive a simple tool to identify adults with moderate to profound ID, and to assess the validity of this tool.
Methods
Sampling frame
The study was carried out using the Leicestershire Learning Disability Register, an established database of adults (aged 19 years or over) with administratively defined ID living in the unitary authorities of Leicester city, Leicestershire and Rutland, UK (McGrother, Hauck, Burton, Raymond, & Thorp, 1993).  Notification criteria constitute ID and possible need for specialist care.  The geographical location of Leicester city, Leicestershire and Rutland incorporates both urban and rural areas and has an adult population of approximately 0.7 million (National Statistics, 2001).
Since 1987, the register has operated a rolling programme of structured home interviews with carers, for which the acceptance rate is 95%.  Interviews incorporate the Disability Assessment Schedule (DAS) (Holmes, Shah, & Wing, 1982) and other questions developed for use in this client group (McConkey & Walsh, 1982).  Information collected includes demographics, skill level, adaptive behaviour, social functioning, behaviour problems, psychological symptoms and carers’ health.  
Study sample
The study sample comprised 322 individuals on the Leicestershire Learning Disability Register who had been assessed using the Vineland Adaptive Behaviour Scale (Sparrow, Balla, & Cicchetti, 1984) between 1989 and 2006, by specialist ID psychiatrists in Leicestershire.  All individuals had also participated in a home interview carried out as part of the register programme.  Most individuals assessed (88%) were psychiatric inpatients or outpatients; the remaining 12% (n=38) of individuals had not attended psychiatric services.  To obtain as large a sample size as possible, no restrictions were placed on the length of time between an individual’s interview and Vineland assessment.
Measures
Selection of variables for the LID tool
Three elements were considered to be inherent to the concept of ID in the context of need for specialist care: (i) intellectual functioning; (ii) adaptive functioning; and (iii) level of dependency.  Indicators for each of these elements were selected from the Leicestershire Learning Disability Register home interviews.  Intellectual functioning was represented by questions on understanding, communication, reading and writing skills, which were the most direct measures available, given a universal system of education.  Measures of adaptive functioning focused on ability to carry out everyday tasks.  Finally, measures of dependency were based on the time interval intensity of care need developed by Isaacs & Neville (1976) and the need for support in carrying out specific activities.
Developmental age and definition of moderate to profound ID
Scores from the Vineland assessments were used to estimate overall developmental age in months for the three domains of communication, daily living skills and socialisation.  Individuals were considered to have moderate to profound ID if their estimated developmental age was below 108 months.
Statistical analyses

Linear regression was used to study the relationship between the home interview variables and estimated developmental age.  Correlation coefficients were also calculated.  Variables that were significant at the 5% level (p(0.05) were included in a subsequent multi-variable regression analysis.  Starting from this model, backward stepwise selection of explanatory variables, using a p-value threshold of 0.1 was carried out to develop a predictive linear regression equation for estimated developmental age in the study sample.  Homogeneity of variance was tested by plotting residual and fitted values (residual-versus-fitted plot).
The resulting equation formed the Leicestershire Intellectual Disability (LID) tool.  Scores from the tool were plotted against estimated developmental age for the study sample and the correlation between the two components was calculated.  The accuracy of the tool in identifying moderate to profound ID (determined from Vineland developmental age <108 months) was summarised in a receiver operating characteristic (ROC) curve, a plot of true positive (sensitivity) and false positive (1-specificity) rates for all possible cut-offs.  In this study, the area under the ROC curve represents the probability that a randomly selected individual with moderate to profound ID has a lower LID score than a randomly selected individuals with borderline or mild ID, and ranges from 0.5 (for no discrimination between the two groups) to 1.0 (for perfect discrimination between the two groups).  A cut-off point was chosen for the LID scores to obtain 95% sensitivity in predicting moderate to profound ID.  Finally, the regression analysis was repeated using a threshold p-value of 0.01 to derive a simpler version of the LID tool with fewer variables.
Results
Study sample
Table 1 summarises the characteristics of the study sample.  A total of 322 adults had an interview with complete data for the factors under investigation and had a corresponding Vineland assessment.  There were more men than women (59% and 41% respectively) and the mean age at interview was 45 years.  The severity of ID as determined from Vineland developmental age was weighted towards more severe ID: three-quarters of individuals (75%; n=241) had severe or profound ID.  The median length of time between home interview and Vineland assessment was 1.7 years (range 0-11 years).
Variables and correlations with estimated developmental age
Twenty variables were identified from the Leicestershire Learning Disability Register home interviews for the concepts of intellectual functioning (n=5), adaptive functioning (n=12) and level of dependency (n=3).  The variables and their relationship with estimated developmental age are shown in Table 2.  With the exception of the variable elaborate routines all correlations were highly statistically significant (p<0.001).  However, given that even very low correlations reach statistical significance with large enough sample sizes, efforts have been made to develop guidelines for interpreting levels of practical or clinical significance, in the form of effect sizes (ES).  One such set has been developed (Cohen, 1988) and extended (McCarthy et al., 1991) to define values of correlation coefficients as: trivial (<0.10); small (0.10-0.29); medium (0.30-0.49); large (0.50-0.69); and very large (0.70-1.00).  By these criteria, and as shown in Table 2, two of the 20 variables (writing and use of amenities) had a very large ES (0.70-0.72); eleven variables had a large ES (0.55-0.66); six variables met criteria for a medium ES (0.30-0.49); and the remaining variable, elaborate routines, had a trivial ES.  Therefore, the variable elaborate routines was not entered into the subsequent backward regression analysis.
Regression analysis
Table 3 shows the results from the backward stepwise linear regression of estimated developmental age on the 19 remaining indicator variables.  Seven variables were found to independently predict developmental age at the 10% level (p(0.1).  The variables writing and use of amenities were the most significant predictors of estimated developmental age, with empathy having the least impact on the model.  Overall, the model explained 67% of the variation in Vineland developmental age (multiple R2 = 0.67; multiple r=0.82, evidence of a very large ES, by the aforementioned McCarthy, et al. (1991) clinical criteria).  The resulting predictive equation was:
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ability to feed independently (scale 1-4)
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=
preparing food (scale 1-5)
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dressing (scale 1-4)
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empathy (scale 1-3)
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=
use of amenities (scale 0-7)
(see Appendix 1 for questionnaire)

A plot of estimated developmental age by the fitted scores from the LID tool illustrates the very strong correlation between the two components (Figure 1).  The ROC curve plotting LID scores and moderate to profound ID (estimated developmental age <108 months) yielded an area under the curve of 0.93 (Figure 2), indicating a 93% probability that a randomly selected individual with moderate to profound ID had a lower LID score than a randomly selected individual with borderline or mild ID.  The 95% sensitivity level was achieved at the LID score cut-off of 104.  At this cut-off, specificity was 65%, the positive predictive value was 95%, the negative predictive value was 65%, and the overall diagnostic accuracy was 91%.
On repeating the backward stepwise regression procedure with a cut-off p-value of 0.01, fewer variables remained in the equation.  The simplified LID equation was:
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(see Appendix 2 for questionnaire)
The area under the ROC curve for moderate to profound ID was 0.91 for this equation.  Both sensitivity and specificity were slightly lower (94% and 63% respectively); the positive predictive value was 94%, the negative predictive value was 63% and the overall diagnostic accuracy was 90%.
Discussion
This is the first study of its kind to derive a simple measure of identifying moderate to profound ID in an administratively defined population of adults with ID.  The LID tool displayed a sensitivity of 95% and a specificity of 65% in identifying adults with moderate to profound ID when compared with the recognised standard of Vineland developmental age.  These results suggest that the LID tool was effective in identifying almost all individuals likely to fulfil the criteria for moderate to profound ID.  However, the level of specificity achieved suggests that around one-third of those identified were unlikely to fulfil the diagnostic criteria for moderate to profound ID on further assessment.  The resulting measure combines seven questions on writing, dressing, use of speech, preparing food, feeding, empathy and use of amenities.  The longer version of the tool takes 5-10 minutes to administer, while its simplified version takes up to 5 minutes, with only a small loss in accuracy.
Limitations

There are several limitations to this study that require consideration.
The Leicestershire Learning Disability Register captures the administrative prevalence of ID via an extensive network of health, social and other agents involved in providing care within a defined geographical location.  The World Health Organisation has recognised that administrative prevalences derived from such registers provide reasonably accurate estimates of the underlying prevalence of moderate to profound ID within countries with well-developed education and welfare systems (ten Horn, Giel, Gulbinat, & Henderson, 1986).  However, it is acknowledged that selection biases may exist within any process that relies on identification by service providers.  These biases are minimised by using a wide range of service providers within the Leicestershire Learning Disability Register notification network.  We are unable to report on people with mild and borderline ID who are not notified as having a possible need for specialist services.  However, it is likely that they will score high in the LID scale because of their low dependency needs.
Participants within the study were drawn opportunistically, based on whether a Vineland assessment had been completed and was available for analysis.  The correlation between the LID scale and estimated developmental age was extremely high (r=0.82).  However, the distribution of estimated developmental age indicates that the sample was skewed towards the more profound (75% of the study sample had severe or profound ID), compared with an expected population distribution favouring the more moderate.  Therefore, in any replication studies one might expect to see some attenuation in the correlation between the LID score and estimated developmental age.
In addition, the study sample comprised a large proportion (88%) of individuals seen by psychiatric services who are likely to have had mental ill-health.  Previous studies have observed lower intellectual and adaptive functioning in adults with chronic mental ill-health (Burt, Zembar, & Niederehe, 1995; Cooper & Bailey, 2001; Hassiotis et al., 1999).  This leads to potential for bias if home interviews were carried out when the individual was free from mental illness, and is particularly relevant where a considerable length of time had elapsed between the home interview and corresponding Vineland assessment.  To achieve as large a sample size as possible we did not limit the time between Vineland assessments and home interviews, a maximum period of 11 years (median = 1.7 years).  To assess this potential for bias we performed a correlation analysis on the length of time between home interview and Vineland assessment and the difference between the LID score and estimated developmental age.  The correlation coefficient was -0.12 (95% CI=-0.23 to 0.00).  Thus the length of time between interview and Vineland assessment had very little effect on the derived model.
This tool was devised to assist in the decision on whether to refer an individual with ID and care need to mainstream or specialist services.  As such, we felt that it was more important in the first instance to identify adults with moderate to profound ID by setting the sensitivity threshold to 95%, rather than maximise diagnostic specificity.  Generally accepted levels for components of diagnostic accuracy in this client group define levels of <70% as ‘poor’, 70-79% as ‘fair’, 80-89% as ‘good’ and 90-100% as ‘excellent’ (Cicchetti, Volkmar, Klin, & Showalter, 1995).  Thus the LID tool achieved excellent sensitivity, but its specificity fell just short of the 70% ‘fair’ level.  Although higher levels of specificity were achieved by lowering the LID cut-off score, this had the adverse effect of also lowering the negative predictive value and thus increased the number of people with ‘true’ moderate to profound ID who were incorrectly placed in the mild and borderline category.
The Vineland Adaptive Behaviour Scales questionnaire has been widely used as a measure of the level of adaptive functioning.  It is not, however, intended to be used as a proxy for intelligence, although it is recognised that as severity levels of ID increase, so does the correlation between intellectual and adaptive functioning (Liss et al., 2001).  Ideally, severity of ID should be measured using a combination of intelligence and adaptive behaviour assessments; we were unable to use both these measures as our ‘gold standard’ because intelligence tests are not routinely carried out in Leicestershire.  Some individuals at the milder end of the ID spectrum have significant deficits in adaptive behaviour and may have a relatively low LID score.  These include people with substantial physical disability and those with autism who tend to perform worse in adaptive behaviour assessments than those of the same intellectual functioning without autism (Carpentieri & Morgan, 1996).  Lower scores on the LID scale may also be obtained in individuals with acquired cognitive impairment, such as dementia or brain injury.  Health professionals may need to consider such co-existing conditions when making an assessment.

These preliminary findings suggest that the LID is a promising tool for identifying moderate to profound ID in adults with a potential need for specialist care.  Although the tool was devised to assist in the health professional’s decision on whether to refer to specialist services, we do not recommend its use in clinical practice at this stage.  Further research is needed to assess reliability and validity of this scale on a larger, more representative sample of individuals with ID in relation to a combination of intelligence and adaptive functioning measures.
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TABLE 1: Characteristics of the Leicestershire Learning Disability Register population and the study sample.

	Characteristic
	Leicestershire Learning Disability Register
	Study Sample*



	
	           N
	(%)
	     N 
	(%)

	Total
	3463
	(100)
	322 
	(100)

	Sex

Male

Female
	2007

1456
	(58)

(42)
	191 131
	(59)

(41)

	Mean Age (range)
	40
	(19-96)
	45 
	(18-91)

	ID Level

Profound

Severe

Moderate

Mild

Borderline
	-


	
	154

87

38

28

15
	(48)

(27)

(12)

(9)

(5)


ID intellectual disability;

* 34 individuals were excluded from the analysis because of missing data; ID level was determined using ICD-10 criteria based on estimated developmental age from the Vineland Adaptive Behaviour Scales assessment.
TABLE 2: Relationship between variables from the Leicestershire Learning Disability Register questionnaire and developmental age* (in months) (N=322)
	Characteristic
	Regression coefficient
	 95% CI
	p-value
	Correlation coefficient

	Intellectual Functioning

Understanding instructions

Asking for things wanted

Use of speech

Reading

Writing
	21.78
17.51
19.46
20.28
24.71
	18.16 to 25.40
14.81 to 20.22
16.18 to 22.73
17.70 to 22.85
22.19 to 27.24
	<0.001
<0.001

<0.001

<0.001

<0.001
	0.55
0.58
0.55
0.66
0.73

	Adaptive Functioning 
Orientation                                                

Understanding time
Helping with household jobs

Feeding

Preparing food

Washing

Dressing

Toileting skills

Empathy

Stereotypies

Elaborate routines

Repetitive speech
	22.36
18.47
17.87
23.10
23.20
14.62
24.28
19.49
24.18
17.92
5.35
17.75
	19.32 to 25.40
15.97 to 20.96
15.26 to 20.48
18.47 to 27.73
20.18 to 26.22
12.58 to 16.66
20.28 to 28.27
15.66 to 23.33
18.90 to 29.47
11.72 to 24.11
-3.10 to 13.79
14.26 to 21.24
	<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.72
<0.001
	0.63
0.63
0.60
0.48
0.65
0.62
0.55
0.49
0.45
0.30
0.07
0.49

	Level of dependency
Constructiveness of leisure activities

Degree of daytime supervision

Use of amenities
	16.72
-20.50
14.23
	12.95 to 20.50
-24.25 to -16.75
12.65 to 15.81
	<0.001

<0.001

<0.001
	0.44
-0.52
0.70


CI confidence interval
* derived from the Vineland Adaptive Behaviour Scale 

TABLE 3: Linear regression model derived using backward stepwise regression to identify variables associated with developmental age* (N=322)

	Variable
	Regression coefficient
	 95% CI
	p-value

	Intellectual Functioning
Use of speech

Writing
	3.90
13.80
	0.61 to 7.19
10.80 to 16.80
	0.02
<0.001

	Adaptive Functioning 

Feeding

Preparing food

Dressing

Empathy
	-4.77
4.59
6.23
3.57
	-10.34 to 0.80
0.83 to 8.34
1.15 to 11.32
-0.65 to 7.80
	0.09
0.02
0.02
0.10

	Level of dependency
Use of amenities
	4.64
	2.51 to 6.78
	<0.001

	Constant
	-10.20
	-22.59 to 2.17
	0.11


CI = confidence interval
* derived from the Vineland Adaptive Behaviour Scale
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APPENDIX 1: The Leicestershire Intellectual Disability Tool
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Q1.
How clear is his/her speech?  How easy is it to understand?

    x 3.9
_____

0 Not enough spontaneous speech to rate, or only meaningless echolalia

1 Difficult to understand, even by close acquaintances.  Impossible for strangers

2 Easily understood by close acquaintances.  Difficult for strangers

3 Clear enough to be understood by anyone

[image: image12.emf]
Q2.
Can s/he write? – using pen/keyboard
   
    x 13.8 _____

1 Unable to write

2 Writes name and/or copies writing

3 Writes full name and address without help

4 Can write short notes e.g. shopping lists

5 Can write own simple correspondence

[image: image13.emf]
Q3.
Does s/he feed him/herself?
   
    x 4.8
_____

1 Not at all

2 With help

3 Supervision/prompting only

4 Without help

[image: image14.emf]
Q4.
Does s/he prepare food?
   
    x 4.6
_____

1 Needs all food prepared for her/him/no opportunity and not known

2 With supervision, can prepare simple foods

3 Makes up food which does not require cooking or with which s/he is familiar – cereals, teas, sandwiches

4 Prepares simple hot food without supervision – boils eggs, warms soups

5 Prepares an adequate variety of meals without supervision

[image: image15.emf]
Q5.
Does s/he dress him/herself?
   
    x 6.2
_____

1 Not at all

2 With help

3 With supervision/prompting/help with zips and buttons

4 Without help – and can manage zips and buttons

Q6.
Is s/he aware and concerned about other people’s feelings? 
  
     x 3.6 ____

[image: image16.emf]
Does s/he like people, know that they have feelings and show concern for their welfare? For example, if someone in the household became ill, would they notice and be concerned for them?

1 No such empathy

2 Limited empathy only

3 Has a range of such empathies

Q7.
Can the following be used independently? 
Score 1




for each 

1 [image: image17.emf]Telephone (public, mobile or home)
2 [image: image18.emf]Doctor, dentist

3 [image: image19.emf][image: image20.emf]Postage for letters

4 [image: image21.emf]Finances (bank withdrawals, benefits, pension)
5 [image: image22.emf]Public entertainment (pub, café)

6 [image: image23.emf]Shopping
7 [image: image24.emf]Public convenience




Total
        x 4.6 _____

Enter calculated total for each question




	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7

	
	
	
	
	
	
	


Calculate
Q1 + Q2 – Q3 + Q4 + Q5 + Q6 + Q7 – 10.2 
      Score
_____
Interpretation of scores
A total score < 104 suggests that the individual has moderate to profound intellectual disability*
*For an intellectual disability to be present the intellectual impairment must have started before age 18 years

The Simplified Leicestershire Intellectual Disability Tool
[image: image25.emf][image: image26.emf]
Q1.
How clear is his/her speech?  How easy is it to understand?
   
     x 5   
_____

0 Not enough spontaneous speech to rate, or only meaningless echolalia

1 Difficult to understand even by close acquaintances.  Impossible for strangers. 

2 Easily understood by close acquaintances.  Difficult for strangers

3 Clear enough to be understood by anyone

[image: image27.emf][image: image28.emf]
Q2.
Can s/he write? – using pen/keyboard
   
     x 14  
_____

1 Unable to write
2 Writes name and/or copies writing
3 Writes full name and address without help
4 Can write short notes e.g. shopping lists
5 Can write own simple correspondence
[image: image29.emf]
[image: image30.emf]Q3.
Does s/he prepare food?
   
     x 5
_____

1 Needs all food prepared by her/him or no opportunity
2 With supervision, can prepare simple foods
3 Makes up food which does not require cooking or with which s/he is familiar – cereals, teas, sandwiches
4 Prepares simple hot food without supervision – boils eggs, warms soups
5 Prepares an adequate variety of meals without supervision

Q4.
Can the following be used independently? 


[image: image31.emf]
1 [image: image32.emf]Telephone (public, mobile or home)
2 [image: image33.emf][image: image34.emf]Doctor, dentist

3 [image: image35.emf]Postage for letters

4 [image: image36.emf]Finances (bank withdrawals, benefits, pension)

5 Public entertainment (pub, café)

6 Shopping
7 Public convenience


        x 5
_____


Interpretation of scores
A total score < 104 suggests that the individual has moderate to profound intellectual disability*
*For an intellectual disability to be present the intellectual impairment must have started before age 18 years
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FIGURE 1: Plot of the Leicestershire Intellectual Disability (LID) screening tool scores against estimated developmental age

r = 0.82; p<0.001
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FIGURE 2: Receiver Operating Characteristic (ROC) curve for the relationship between the Leicestershire Intellectual Disability (LID) screening tool scores and moderate to profound intellectual disability (developmental age <108 months)
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