Designing A Brief Alzheimer Screen

Ashford, J. W.;  Mendiondo, M. S.; Kryscio, R. J.; Schmitt, F.A.

Sanders-Brown Center on Aging and the

NIA  Alzheimer’s Disease Research Center

University of Kentucky, Lexington,

Kentucky,  USA

American Association of Geriatric Psychiatry

Orlando, FL

February 26, 2002

Acknowledgements:  This research was supported in part by National Institutes of Health Grant 5-P50-AG05144 and the Department of Veterans Affairs.

ABSTRACT

Recent advances in treating Alzheimer's disease (AD) have shifted clinical focus to identification of patients in a mild disease stage. Clinical tests occasionally used for detecting early AD, such as the Mini-Mental State Exam (MMSE), are too long for routine screening. Experimental tests such as recall measurement and category fluency have been shown to be the most effective instruments for distinguishing normal individuals from early AD patients. Now, a very brief and highly efficient screening test is needed for clinical recognition of mildly impaired patients likely to have early AD. 
To develop a Brief Alzheimer Screen (BAS), characteristics of MMSE items and category fluency were analyzed using a derivation and validation sequence. Data from CERAD (Consortium to Establish a Registry for Alzheimer's Disease), consisting of 406 normal individuals and 342 patients with mild AD (MMSE>19), were used as a representative population. Both normal and mild AD patient samples were randomly divided into derivation and validation subgroups. Logistic regression was performed on the derivation subgroups to determine a predictive equation that would best separate the normal and mild AD groups. The resulting model for discriminating between these groups included items in the following order: recall (R, 3 points), animals (# in 30 secs, A), date (D, 1 pt.), spell (WORLD backwards, S, 5 pts), (all p<0.0001). All other MMSE items contributed a negligible portion of the variance. Logistic regression analysis for identifying AD or control group membership using these most significant variables produced the following equation (r2=0.77):

BAS = 3 x R + 2/3 x A + 5 x D + 2 x S


This equation was applied to the validation subgroup to estimate sensitivity and specificity. From the results, dual cut-points are recommended for screening. For scores of 22 and below, sensitivity was over 98% with specificity of 87% or less. For a score of 27 or greater, the sensitivity was 90% or less and specificity was over 99%. These data support the BAS as adequately powerful for use in screening for patients over 60 years of age for cognitive impairment that could represent early AD.
INTRODUCTION

In the last two decades, dementias in general and Alzheimer’s disease (AD) in particular have become recognized as major causes of morbidity and mortality in the elderly.  Because new medications may slow the disease course in the early phases of the disease, it is becoming increasingly important to develop approaches to identify those patients with the earliest indications of disease and make the diagnosis of AD.

The clinical problem for the practicing physician is distinguishing individuals with mild dementia from normal elderly persons.  Early AD patients have memory problems, and some do complain of memory loss.  But, many AD patients have little insight into the severity of their own failing memories and may not report these symptoms to their physicians, leading to an under-detection of AD in clinical settings.  Therefore, a routine screening test of cognitive function that could be quickly and easily administered in the medical office setting would help to identify patients that have mild dementia or who should have further examination.

The need for short screening tests for AD has been widely recognized and several have been developed.  However, screening tests are rarely used in general clinical practice.  For a test to be acceptable for general routine screening, the administration time will probably have to be less than 2 minutes.  Recall memory is the most sensitive indicator of early AD.  Also, evaluation of retrieval capabilities in the form of category verbal fluency tasks has successfully discriminated between demographically matched AD and normal older adults.  Given a clear need for a suitably short and adequately reliable screening test for use in clinical practice and the demonstrated classification capabilities in AD of the Mini-Mental State Exam (MMSE) and category verbal fluency tasks, we analyzed components of these brief measures.

Using the dataset from CERAD (Consortium to Establish a Registry for Alzheimer’s Disease) and examining the information from normal controls and patients with mild AD, we found a small group of items from the MMSE and the animal-naming test that would be efficient in identifying early AD patients.  This set of queries could be administered quickly enough to be called a “Brief Alzheimer Screen” (BAS).
METHODS

Population

The CERAD data set was chosen for analysis because it carefully defined a population of AD patients and older cognitively intact controls evaluated by experts at Alzheimer Centers around the United States.  Subjects were enrolled in this study between 1989 and 1995.  we analyzed the “entry visit” data for controls and AD patients whose MMSE score and category fluency (animal naming) were recorded.  

The mildly demented AD group, diagnosed using a defined and accepted list of criteria, consisted of 342 patients selected for a diagnosis of probable AD at all visits and an entry MMSE score of at least 20.

The control group, also defined by a specific list of criteria, consisted of the 406 normal individuals that we selected for a non-dementia diagnosis at all visits (1 to 6 years after entry) and an entry MMSE score greater than 25.

Statistical analyses

Animal naming was examined for the AD and control groups with respect to how many animals could be named in 15, 30, 45, and 60 seconds using “receiver-operator characteristic” (ROC) analysis.  Results indicated that animals named in 30 seconds (Animal30) provided substantially more information than animals named in 15 seconds and nearly as much information as did 45 or 60 seconds (ROC - Area Under the Curve for 15, 30, 45, 60 sec. = 0.74, 0.83, 0.86, 0.87, respectively).

The AD and control groups were each randomly divided into two subgroups: the derivation and validation subgroups.  A backward logistic regression analysis was performed on the derivation group’s data using all of the MMSE items and Animal30.  The four most significant items (p < 0.001) were then used in combination to distinguish AD from control individuals and to derive sensitivity and specificity rates as well as initial cut-points.  The resulting equation was subsequently reevaluated in the validation subgroup to estimate the percentages of false-negatives and false-positives according to different cut-points.

Population characteristics

Performance measures

	
	
	AD
	
	control

	
	
	#
	% (sd)
	
	#
	% (sd)

	
	
	
	
	
	
	

	Number
	
	342
	
	
	406
	

	males
	
	136
	34%
	
	139
	41%

	
	
	
	
	
	
	

	Age
	
	72.8
	+7.7
	
	68.6
	+7.9

	
	
	
	
	
	
	

	Race
	
	
	
	
	
	

	white
	
	298
	87%
	
	380
	94%

	
	
	
	
	
	
	

	Education
	
	13.4
	+5.8
	
	13.8
	+3.1

	
	
	
	
	
	
	

	MMSE
	
	22.6
	+2.0
	
	28.9
	+1.1

	
	
	
	
	
	
	

	Recall
	
	
	
	
	
	

	0
	
	189
	55%
	
	2
	0%

	1
	
	91
	27%
	
	25
	6%

	2
	
	50
	15%
	
	89
	22%

	3
	
	12
	4%
	
	290
	71%

	
	
	
	
	
	
	

	Date
	
	235
	31%
	
	384
	95%

	
	
	
	
	
	
	

	Spell
	
	
	
	
	
	

	0
	
	2
	1%
	
	0
	0%

	1
	
	8
	2%
	
	0
	0%

	2
	
	14
	4%
	
	0
	0%

	3
	
	32
	9%
	
	11
	3%

	4
	
	67
	20%
	
	21
	5%

	5
	
	219
	64%
	
	374
	92%

	
	
	
	
	
	
	

	Animals
	
	7.5 
	+2.8
	
	12.5
	+3.2


RESULTS

The logistic regression analysis identified the following four items starting with the most important: Recall of the three items (R), Animal30 (A), Date (D), and Spelling ‘World’ backwards (S).    The predictive model that differentiated the mild AD and control groups using the weighted score for these variables produced the following equation for the BAS:
BAS  =   3.03 x R  +  0.67 x A  +  4.75 x D  +  2.01 x S         (range 0  –  39)

Each of the weights corresponds to the beta-coefficients for the regressors in the logistic regression that accounted for 77% of the variance in group membership (r2 = 0.77), and each was significant (p < 0.001). 

	
	Item
	Mild AD
	Control
	Standardized beta-coefficent

	
	
	
	
	

	
	Recall     0
	55
	0
	2.09

	
	1
	27
	6
	

	
	2
	15
	22
	

	
	3
	4
	71
	

	
	
	
	
	

	
	 Animals
	7.5+2.8
	12.5+3.2
	1.41

	
	
	
	
	

	
	 Date
	31
	95
	1.25

	
	
	
	
	

	
	Spell        1
	2
	0
	0.88

	
	2
	4
	0
	

	
	3
	9
	3
	

	
	4
	20
	5
	

	
	5
	64
	92
	


Frequency of correct responses (%) for recall items, date, and spell, and number of animals in 30 seconds (+SD), by group; standardized beta coefficients give the relative importance of the explanatory variables in the regression model.

 When we applied this equation to the validation group, the resulting group membership for the integer of the BAS showed considerable separation of the AD and control groups.  If a cut-point of 24 is used to distinguish between mild AD and control subjects (BAS <24 indicating mild AD and BAS >24 indicating control), there are 12/203 (5.9%) false positives, and 13/171 (7.6%) false negatives in the validation group.  If a dual cut point is used, a higher cut point of score 27 or greater reduces the false negative rate for AD to 0.6%.  A lower cut point of 22 or below reduces misclassification of normals to 1.5%.  Within the range of scores from 23 to 26 are 8.8% of the mild AD cases and 11.8% of the normals.

Using the results from this test and the experience of administering such tests to patients, a Brief Alzheimer Screen was constructed.  Because of concerns about educational and cultural biases associated with spelling “WORLD” backwards, this item (which was also the least contributory) was left to a second step of assessment.  Also, the popular “Clock Drawing” task, though not sensitive to dementia or specific, does reveal a variety of pathological signs and can reasonably be included as a secondary test as well.  Accordingly, the most important items, Recall, Animal Naming, and Date, are included as a preliminary step for a brief screen.  

When the Recall, Animal Naming, and Date test (referred to as the A-Screen) were administered to 11 mild to moderately demented patients (mean age 77 y/o + 6.3, the average length of time required to administer the test (using a PalmPilot device) was 93 seconds +11.  This test is available as a WEB-BASED program or as a PalmPilot program at:

www.medafile.com
DISCUSSION

Based on the results of our retrospective analysis of an existing data set, we have constructed a theoretical screening test for AD that is likely to be easy to use, probably can be delivered to normal elderly or mildly impaired dementia patients in one to three minutes, and has high specificity to differentiate between mild AD and older adults with normal mentation.

In the application of the BAS, a single cut-off score provides reasonable sensitivity and specificity for the diagnosis of AD. A further recommendation can be made on the basis of these data to use two cut-off points, dividing the population into three tiers.  The first cut-off provides a way to effectively select those patients with an extremely low likelihood of having dementia and the second indicates those with a very high likelihood of having dementia.  The remaining group could be conceptualized as falling into a ‘gray area’ and in need of closer scrutiny, follow-up, and probably more extensive testing.

The BAS is a practical tool that can be used by clinicians to assess elderly individuals for mild AD.  For the clinical setting the equation gives essentially identical results:

BAS  =  3 x R   +  2/3 x A   +  5 x D   +  2 x S
Screening with the BAS could be modified by using the 30-second verbal fluency task as a distracter (instead of or in addition to spelling WORLD backwards).  This modification is suggested for trial administration.

It is important to remember that screening tests should not be considered diagnostic.  They have significant false positive and false negative rates.  Some patients, because of high education or other skills, perform well on any screen despite their affliction with early AD.  Other non-demented patients, because of poor education or other non-organic deficits, may fail the screen.  Further analyses of the CERAD data set did not suggest that the results need to be adjusted according to education or gender.  However, low education and illiteracy may interfere with the application of this task and additional issues related to screening approaches still need to be considered.  

