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OBJECTIVES: The primary objective of this study was to determine the efficacy of the clock drawing test to predict the presence of very mild Alzheimer's disease (AD). A secondary objective was to identify elements of clock drawing that were most useful in differentiating cognitively intact older adults from those with mild Alzheimer's disease.

DESIGN: Cohort based comparison of retrospective data.

SETTING: Academic research center.

PARTICIPANTS: Clock drawings from 41 outpatient cases of mild AD with Mini-Mental State Exam scores of 24 or higher and 39 age- and education-matched older adults were scored.

MEASUREMENTS: Clock drawings were blindly and independently scored by two raters using the Clock Drawing Interpretation Scale and the scoring system reported by Rouleau et al. Predictive values for positive and negative tests were calculated using cut-off scores for total score and component subscores from each of these two systems.

RESULTS: Two or more errors in the depiction of the clock hands on the Clock Drawing Interpretation Scale had a positive predictive value for AD of 100% and a negative predictive value of 51%. A score of 2 or less on the 4-point hand-placement component of the Rouleau et al. scoring system provided a positive predictive value for AD of 94% and was associated with a negative predictive value of 62%.

CONCLUSION: An individual who commits two errors or more in drawing the clock hands deserves further investigation for a possible dementia. Normal hand placement on the clock drawing test does not exclude AD. However, when prevalence rates of dementia in community-dwelling older adults are considered, these results argue that normal clock hand placement indicates that dementia is unlikely.

The clock drawing test is a simple, commonly used clinical assessment of multiple areas of cognitive function. It draws upon memory, visuoconstructional ability, and executive function. The utility of clock drawing has been studied in several disease states associated with impaired cognition. For instance, in acute medical and surgical hospital admissions, a normal clock generally excludes pre-existing cognitive impairment or other causes of low scores on cognitive screening tests. [1] In stroke, clock drawing is impaired with a variety of lesion sites. [2] 

As a screening tool for dementia, clock drawing test sensitivity has been reported to range from 48 to 94%, whereas specificity is from 42 to 97%. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Although these figures may be useful in evaluating groups of subjects, they offer relatively little benefit in the assessment of individual cases. Interpretation of these widely variable values is also difficult because most prior studies of clock drawing in dementia included moderately demented subjects. Such individuals are likely to be more easily recognized in routine clinical interactions, reducing the need for specific screening measures to facilitate their detection. The inclusion of moderately demented individuals in the analysis of previous clock drawing studies reduces the applicability of those findings in the difficult assessment of very mild dementia. [14] In the clinical setting, the predictive value of a test offers greater utility as it can be applied to the results of an individual's response. The predictive value of the clock drawing test for detecting clinically relevant dysfunction in samples consisting exclusively of early or mild cases of Alzheimer's disease remains incompletely understood.

Another factor that makes the clock drawing test difficult to interpret is the existence of several scoring systems with varying degrees of complexity. The utility of these systems and how they might influence the clinician's ability to detect early or mild Alzheimer's disease with a clock drawing test is unclear. [14] [15] [16] We therefore evaluated two scoring methods for the clock drawing test, published by Mendez et al. [6] and Rouleau et al., [7] for their ability to differentiate very mild Alzheimer's disease patients from healthy, cognitively intact older adults. Although similar to the approach used by Lee and colleagues, [14] our study excluded subjects with either questionable or moderate levels of dementia. Both full scales, as well as component elements, were analyzed to determine the most useful differentiating features.

The Clock Drawing Interpretation Scale (CDIS) established by Mendez et al. [6] is a 20-point quantitative scale. Items 1 to 3 assess the gross features of a clock. Items 4 to 16 focus on the numbers, whereas items 17 to 20 assess the hands of the clock. The Rouleau et al. clock scoring system (RCS) [7] is a 
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modified version of the Sunderland et al. [4] scoring criteria. It consists of a 10-point quantitative scale and a 6-item qualitative scale. The quantitative scale is composed of measures for integrity of the clock face (0-2 points), presence and sequencing of numbers (0-4 points), and presence and placement of hands (0-4 points). The RCS qualitative error components focus on the size of the clock, graphic difficulties, stimulus-bound responses, conceptual deficits, spatial or planning deficits, and perseveration. The full qualitative scale could not be applied in this investigation because of the retrospective nature of our data. 

METHODS

Participants
Clock drawings were obtained from records of the Alzheimer's Disease Research Center at University Hospitals of Cleveland and Case Western Reserve University. They were produced by 41 patients with probable Alzheimer's disease (based on NINCDS-ADRDA [16] criteria). All were graded on the Clinical Dementia Rating (CDR) [17] as mild severity (i.e., CDR = 1) and had Mini-Mental State Exam (MMSE) [18] scores of 24 or higher. Clock drawings from 39 age-, sex-, and education-matched healthy research volunteers with Mini-Mental State Exam scores [image: image1.png]


24 and CDR = 0 (no dementia) were used as controls.

Procedure
All testing was conducted with informed consent using human subjects protocols approved by the University Hospitals of Cleveland Institutional Review Board. As part of a research assessment of cognition, participants had been asked to draw a clock on a blank piece of paper and set the time at 8:20. A pre-drawn circle was not provided, but reminders for the desired time were allowed if the participant required them. All clocks were blindly and independently scored by two raters. The Rouleau Clock Scoring quantitative scale and Clock Drawing Interpretation Scale were rated for each clock drawing. Because of our interest in the use of these scoring systems by unsophisticated screening examiners, the raters underwent no formal training for either of the scales.

Statistical Analysis
Subject groups were matched for age and education by t tests. Sex distribution was determined to be equivalent by Chi-square methods. Positive and negative predictive values were applied to empirically derived cut-off scores, using a Bayesian algorithm. Power analysis was not feasible given the large expected effect size (i.e., literature review suggested that errors would be expected in the AD group at 2.5 to 5.0 times the control rate [11] [12] ). Inter-rater reliabilities were determined for each scoring system (total score) using the SPSS (SPSS Inc., Chicago, IL) computerized statistical software.

RESULTS

The mean age of the participants in each group was 72 years with standard deviations (S.D.) of 8.8 years for cases and 7.7 years for controls. Sex ratio was approximately 1:1 for both cases and controls. Mean education for both groups was 14 years (S.D. = 3.4 for cases and 2.9 for controls). Mean duration of Alzheimer's disease in cases was 3.6 years (S.D. = 2.1). Mean Mini-Mental State Exam scores were 25 (S.D. = 1.5) for cases and 29 (S.D. = .7) for controls. Comparison with a t test for unpaired samples showed that these differed significantly ( P < .001).

Using a cut-off score of [image: image2.png]


2/4 on the RCS-hand component, the predictive value for identifying mild Alzheimer's disease was 94%. Scores of [image: image3.png]


3 resulted in a 62% predictive value for the absence of AD. Similarly, on the CDIS, two errors in the representation of the clock's hands resulted in a positive predictive value of 100% and a 51% negative predictive value. The elements of the hand scoring components for each scale are depicted in Table 1 (Table Not Available) .

Predictive values (positive and negative), sensitivity, and specificity for the full RCS and CDIS, as well as their components, are depicted in Table 2 . Inter-rater reliability was .94 for RCS quantitative score and .96 for the CDIS.

DISCUSSION

The clock drawing test is particularly attractive as a screening instrument for mild dementia because it is simple and easy to administer. It is minimally intrusive to the patient and much more quickly administered than brief cognitive scales like the MMSE. Despite the simplicity of the task, the process of clock drawing calls upon a variety of cognitive functions. It also provides objective and graphic documentation of cognitive deficits that can be shared by the clinician with the patient and family members. It has furthermore been shown to correlate well with disease progression and may therefore provide a useful instrument to track progression of the illness. [19] Nonetheless, the clock drawing test has been 

	TABLE 1 -- Hand Scoring Components of the Clock Drawing Interpretation Scale (CDIS)

	(Not Available)
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	TABLE 2 -- Utility Measures: RCS and CDIS with Dementia Prevalence Of 51%

	
	Score Range
	Cut-off Score
	Sensitivity (%)
	Specificity (%)
	PV+ (%)
	PV- (%) 

	RCS total
	0 -10
	<10
	93
	42
	63
	84 

	CDIS total
	0 -20
	<18
	46
	79
	70
	58 

	RCS subscales 
	
	
	
	
	
	

	  Face
	0 -2
	<2
	81
	21
	52
	50 

	  Numbers
	0 -4
	<4
	44
	76
	67
	56 

	
	
	<3
	24
	90
	71
	52 

	  Hands
	0 -4
	<4
	93
	58
	70
	88 

	
	
	<3
	39
	98
	94
	62 

	CDIS Subscales 
	
	
	
	
	
	

	  Gross (items 1-3)
	0 -3
	<3
	63
	71
	70
	64 

	  Numbers (items 4-16)
	0 -13
	<11
	15
	97
	86
	51 

	  Hands (items 17-20)
	0 -4
	<3
	12
	100
	100
	51



criticized for having a poor ability to detect mildly impaired individuals. [14] 

In contrast, we found that predictive values, rather than the population-oriented statistics of sensitivity or specificity, performed well in identifying individuals with very mild AD. Among our early or mild cases of Alzheimer's disease with MMSE scores of 24 or higher, hand errors on clock drawing provided information similar, or superior, to the overall score. A score of [image: image4.png]


2/4 for the clock hands in the Rouleau Clock Scoring correctly predicted the presence of dementia in 94% of the cases. On the Clock Drawing Interpretation scale, two or more errors resulted in a positive predictive value of 100% (Table 2) .

The placement of hands on the clock, particularly the minute hand, is the most abstract feature of clock drawing. Time-setting errors are seen in 10 to 18% of people over the age of 70, and any errors in placement of hands among those less than 70 years old should be considered suspect. [12] Among patients with dementia, the frequency of time-setting errors is more than 50%. [11] [12] The inability to denote accurate time by use of hands is a significant indication of cognitive impairment and should be seen as a more serious error than primary "artistic," visual, or spatial difficulties. [10] Our results suggest that, on the clock drawing test, hand placement items provide very high positive and negative predictive values for early Alzheimer's disease. Our findings argue that particular attention should be paid to the accuracy of placement and depiction of the hands when the clock drawing test is used as a part of a dementia screening evaluation.

There are several limitations to our study. We were unable to match Alzheimer's disease cases and a sample of low functioning, but healthy controls on the MMSE, primarily owing to the clock drawings available for study. Comparison of such older adults with nonprogressive but low MMSE scores could be helpful in determining whether the effect we observed is simply a nonspecific correlate of poor cognitive performance rather than the result of Alzheimer's disease. [20] Interestingly, poor clock drawing may predict MMSE or CDR decline. [14] [15] Because many clinicians find brief screening measures like the MMSE to be too cumbersome for routine use, there is a need for a reasonably useful but much briefer task with a very robust and simple scoring method. Our findings suggest that evaluation of hand placement on the clock drawing test can provide information useful for the detection of very mild dementia in the primary care setting. Nonetheless, this study was not designed to argue that the clock drawing should be used as the only means of screening or assessment.

Our samples of both Alzheimer's disease cases and healthy adults are also better educated than might be expected in many clinical settings. This may be relevant to the applicability of our findings because education has shown clear effects on clock drawing. [8] Furthermore, our sample of individuals with dementia includes only those with probable Alzheimer's disease. Future studies would ideally include other types of dementia to establish whether the clock drawing test, or possibly different scoring system components, have similar potency to detect very mild dementia of non-Alzheimer types. They also might provide useful information in the differential diagnostic evaluation of individuals with suspected cognitive impairment.

Our initial sensitivity, specificity and predictive values were calculated based on the dementia prevalence of 51% in the sample. With this prevalence rate, positive predictive values of the RCS and CDIS hand component scores [image: image5.png]


3 are above 90%, but negative predictive values are only 62% and 51%, respectively. A dementia prevalence near 50% is perhaps appropriate for a dementia treatment and research program such as our own but would be of less utility in the primary care environment. Because predictive values, as well as sensitivity and specificity, change with the prevalence of the abnormal finding, we modeled the effect that estimated prevalence rates of dementia in different age groups [21] would have had on our findings. The positive predictive value of two hand errors on the CDIS was calculated to be 100%, with dementia prevalences expected at age 65 or higher (1-10%). In addition, when measured by either scale, a clock drawing with hand component scores of 3 or 4 is associated with negative predictive values for dementia in excess of 90% (Table 3) .

Thus, with dementia prevalence rates seen among community-dwelling individuals age 65 and higher, our study suggests that a normal clock drawing most likely excludes dementia. In contrast, hand placement errors on clock drawing should alert the clinician to conduct further investigations to evaluate possible dementia. Thus, among individuals presenting 
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	TABLE 3 -- Diagnostic Utility of RCS and CDIS with Varying Dementia Prevalence Rates

	
	Age
	Cut-off Score
	Rate/100
	Sensitivity (%)
	Specificity (%)
	PV+ (%)
	PV- (%) 

	RCS total
	65 -74
	<10
	1
	90
	42
	2
	99 

	
	75 -84
	
	5
	92
	42
	8
	98 

	
	>84
	
	10
	93
	42
	15
	99 

	RCS hand
	  65 -74
	<3
	1
	40
	97
	13
	97 

	
	  75 -84
	
	5
	36
	97
	42
	93 

	
	>84
	
	10
	37
	97
	61
	99 

	CDIS total
	  65 -74
	<18
	1
	50
	79
	2
	97 

	
	  75 -84
	
	5
	46
	79
	10
	93 

	
	>84
	
	10
	46
	79
	20
	99 

	CDIS hand
	  65 -74
	<3
	1
	10
	100
	100
	96 

	
	  75 -84
	
	5
	12
	100
	100
	91 

	
	>84
	
	10
	12
	100
	100
	91



with memory or cognitive complaints and an otherwise normal or only mildly abnormal cognitive examination, abnormal clock drawing can provide crucial information regarding the need for more detailed assessment of overall cognitive and functional status. 
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