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Abstract

Background: Executive cognitive dysfunction can precede the memory distur-
bances of dementia. People with executive cognitive dysfunction can have a
normal Mini-Mental State Examination (MMSE) score but still have severe func-
tional limitations. We evaluated the usefulness of clock drawing in identifying
people with executive dysfunction who have a normal MMSE score.

Methods: We reviewed the charts of consecutive patients referred between July
1999 and June 2000 to a multidisciplinary geriatric assessment clinic because of
concerns about functional inabilities. The patients had all undergone the Execu-
tive Interview for the diagnosis of executive cognitive dysfunction as well as an
MMSE and clock-drawing test (scored by 2 methods: one described by Watson
and colleagues [the Watson method] and one described by Sunderland and col-
leagues [the Sunderland method]).

Results: We reviewed the charts of 68 patients (40 women, 28 men); their mean age
was 79 years (range 55-94). Thirty-six patients had an MMSE score of less than
24, and 32 had a “normal” MMSE score (24-30). Among those with a normal
MMSE score, 22 had an abnormal Executive Interview score. Using the Executive
Interview as the gold standard, the sensitivity and specificity of the Watson
method of scoring clock drawings to predict an abnormal Executive Interview
score were 59% and 70% respectively; the corresponding values were 18% and
100% for the Sunderland method.

Interpretation: The presence of an abnormal MMSE score alerts clinicians to the
possibility of cognitive impairment. For patients referred for geriatric assessment
who have a normal MMSE score, a clock-drawing test, scored by either the
Watson or the Sunderland method, is a moderately sensitive and specific ad-
junct for detecting executive cognitive dysfunction.

physicians to be able to assess cognitive decline adequately. Alzheimer’s

disease is the most common form of dementia’ and usually presents with
memory loss. However, disturbances in executive cognitive functioning often pre-
cede the memory decline.’ Such disturbances result in difficulties with instrumental
activities of daily living* (e.g., bathing, dressing, cooking, shopping, driving and tak-
ing medications). They produce a dissociation between volition and action; for ex-
ample, patients do not lose their ability to dress but, rather, are unable to initiate
these tasks or choose weather-appropriate clothes. The challenge is to identify ex-
ecutive cognitive dysfunction in such patients.

In the past it was felt that there was no urgency to diagnose Alzheimer’s disease
early, because only supportive therapy could be offered to patients and their care-
givers. However, efficacious symptomatic treatment is now available: 3 cholinester-
ase inhibitors recently licensed in Canada have been shown to produce benefits in
some patients.”” There is suggestion of increased benefits in patients if treatment is
started as early as possible in the course of their disease. Early diagnosis of cognitive

T he change in population demographics' makes it increasingly important for
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deficits also facilitates future planning (e.g., wills, enduring
power of attorney and advanced directives) at a ime when
the patient may still be competent to make these important
decisions.

Routine measures of cognition, such as the Folstein
Mini-Mental State Examination (MMSE),* often fail to
identify executive dysfunction even if it is quite severe.’
There are detailed neuropsychological tests and more ex-
tensive bedside tests available to evaluate executive function
specifically, but most of them are impractical for busy
physicians. We undertook this study to determine the value
of a clock-drawing test as an adjunct to the MMSE in iden-
tifying potential executive dysfunction in a clinical setting.

Methods

We reviewed the charts of consecutive patients who attended
the outpatient geriatric assessment clinic at the University of Al-
berta Hospital, Edmonton, between July 1999 and June 2000.
All had been referred by family practitioners, homecare workers
and family members because of symptoms of functional decline.
Patients suspected of having executive cognitive dysfunction by
the assessment team underwent the Executive Interview
(EXIT)" as well as a normal comprehensive geriatric assessment
by a geriatric clinical nurse specialist, an occupational therapist
and a geriatrician.

The EXTIT is a 25-item interview that takes 15-20 minutes. It
is designed to be administered at the bedside by non-neuropsy-

chiatrically trained personnel. The EXIT

colleagues”

a quadrant is considered to be correct.

quadrant assign a score of 4.

Q1 1
Q2 1
Q3 0
Q4 0

Total 2

Q1 1
Q2 1
. Q31
Q4 4

Total 7

Method for evaluating clock drawings described by Watson and

1. Divide the circle into 4 equal quadrants by drawing one line through the
centre of the circle and the number 12 (or a mark that best corresponds to
the 12) and a second line perpendicular to and bisecting the first.

2. Count the number of digits in each quadrant in the clockwise direction,
beginning with the digit corresponding to the number 12. Each digit is
counted only once. If a digit falls on one of the reference lines, it is
included in the quadrant that is clockwise to the line. A total of 3 digits in

3. For any error in the number of digits in the first, second or third quadrants
assign a score of 1. For any error in the number of digits in the fourth

4. Normal range of score is 0-3. Abnormal (demented) range of score is 4-7.

score strongly correlates with the findings of
an extensive battery of diagnostic neuropsy-
chiatric tests (» range 0.64-0.83), and inter-
rater reliability between 2 physicians is high
(r = 0.90)." The interview includes items
that detect frontal release signs (e.g., grasp
reflex), motor or cognitive perseveration
(e.g., echopraxia), verbal intrusions, disinhi-
bition, loss of spontaneity (e.g., word flu-
ency), imitation behaviour, environmental
dependence and utilization behaviour. Each
item is scored from 0 (intact) to 2 (specific
incorrect response or failure to perform a
task). The total score is from 0 to 50, a
higher score indicating executive cognitive
dysfunction. We used a cutoff score of 15 or
greater to indicate executive dysfunction (as
suggested by the original authors"). In all
cases the EXIT was administered by an ex-
perienced occupational therapist.

The MMSE was conducted and the score

8; 1 determined according to the guidelines for

S Q31 the standardized MMSE."
Q4 4 For the clock-drawing test, each patient
was given a predrawn circle (to minimize the
Total 7 effect of education) and asked to “place the
numbers on it to make it look like a clock.”
The placement of hands to read “10 past 11”
was requested after the first task was com-
pleted to the best of the patient’s ability.
This time has been reported to be the most
sensitive for detecting neurocognitive dys-
Q11 function.” All clock drawings were scored
Q20 independently by the principal investigator
- Q31 (A.J.) without knowledge of the EXIT or
Q4 4 MMSE scores, or the medical diagnoses.
Total 6 Clocks were scored by means of 2 meth-

ods."”"* The scoring method described by
Watson and colleagues" (referred to in this
article as the Watson method) is objective

Fig. 1: Method described by Watson and colleagues™ for scoring clock drawings.
Patients are given a predrawn circle and asked to draw numbers on it to make it
look like a clock. They are then asked to draw the hands of the clock to read “10
past 11.” Top: Scoring criteria. Bottom: Examples of patients’ clock drawings and

scores derived using this method.
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and based on dividing the clock into quad-
rants (Fig. 1). The score is determined from
the number of digits in each quadrant (0-3 =
normal score and 4-7 = abnormal score).
This method takes into account the digit
positioning only and not the positioning of



the hands of the clock. The method described by Sunderland and
colleagues" (referred to in this article as the Sunderland method)
takes into account hand positioning, and the score is determined
using a 10-point scale (10 = perfect and 0 = very poor) (Fig. 2);

scores of 6 or more are considered normal.

The scores for the EXIT, clock-drawing test and MMSE were

obtained from each patient’s chart. The
charts were divided into 2 groups according
to whether the MMSE score was normal
(24-30) or abnormal (< 24). We then evalu-
ated the specificity and sensitivity of the 2
methods of scoring the clock drawings for
the detection of executive cognitive dysfunc-
tion in patients with a normal MMSE.

Ethics approval for this study was ob-
tained from the Research Ethics Board at the
University of Alberta Hospital.

Results

We reviewed the charts of 68 patients
(40 women, 28 men) referred for geri-
atric assessment; their mean age was 79
years (range 55-94). The distribution of
the MMSE, EXIT and clock-drawing
scores is shown in Fig. 3.

Of the 36 patients with an abnormal
MMSE score (< 24), 35 (97%) had an
abnormal EXIT score, 30 (83%) had an
abnormal clock-drawing score by the
Watson method, and 13 (36%) had an
abnormal clock-drawing score by the
Sunderland method. Patients in this
group were not evaluated further, as the
presence of an abnormal MMSE score
already raises the suspicion of cognitive
dysfunction.

Of the 32 patients with a normal
MMSE score (24-30), 22 (69%) had an
abnormal EXIT score. Sixteen (50%) of
the 32 patients had an abnormal clock-
drawing score according to the Watson
method, and 4 (12%) had an abnormal
clock-drawing score according to the
Sunderland method. Of the 22 patients
with a normal MMSE score and an ab-
normal EXIT score, the Watson clock-
drawing score was abnormal for 13
(59%), and the Sunderland score was
abnormal for 4 (18%). The correspond-
ing figures among patients with a nor-
mal MMSE score and a normal EXIT
score were 3 (30%) and 0 (0% ).

According to these findings, the
Watson method had a sensitivity of 59%
and a specificity of 70% for detecting
executive cognitive dysfunction in pa-

Clock drawing and cognitive dysfunction

tients with a normal MMSE score. The corresponding val-
ues for the Sunderland method were 18% and 100%. The
sensitivity and specificity for combined clock-drawing
scores was also evaluated: among patients with a normal
MMSE score they were 59% and 70% respectively. In

Score
10-6
10

9

O N o

5-1

Method for evaluating clock drawings described by Sunderland and
colleagues™

Criterion

Drawing of clock face with circle and number is generally intact.
Hands are in correct position.

Slight errors in placement of the hands.

More noticeable errors in the placement of hour and minute hands.
Placement of hands is significantly off course.

Inappropriate use of clock hands (i.e., use of digital display or
circling of numbers despite repeated instructions).

Drawing of clock face with circle and numbers is not intact.
Crowding of numbers at one end of the clock or reversal of numbers.
Hands may still be present in some fashion.

Further distortion of number sequence. Integrity of clock face is now
gone (i.e., numbers missing or placed at outside of the boundaries of
the clock face).

Numbers and clock face no longer obviously connected in the
drawing. Hands are not present.

Drawing reveals some evidence of instructions being received but
only a vague representation of a clock.

Either no attempt or an uninterpretable effort is made.

Scores

Fig. 2: Method described by Sunderland and colleagues for scoring clock drawings.
As described in Fig. 1, patients are given a predrawn circle and asked to draw a clock
and the time as “10 past 11.” Top: Scoring criteria. Bottom: Examples of clock draw-
ings and scores derived using this method. Scores of 6 or more are considered normal.
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none of the cases was the Watson score normal and the
Sunderland score abnormal.

On completion of the geriatric assessment, the clinical
diagnoses were Alzheimer’s disease (in 19 cases), vascular
dementia (in 18), unspecified “dementia with frontotempo-
ral features” (in 15), depression and anxiety (in 7), mixed
dementia (in 2), Parkinsonism with dementia (in 2), alcohol
abuse (in 3), neurosyphillis (in 1) and no cognitive impair-
ment (in 1).

Subgroup analysis of the 15 participants with nonspe-
cific frontotemporal features revealed a mean MMSE score
of 24 (range 13-29) and a mean EXIT score of 24 (range
21-26). Among the 10 patients in this group who had a
normal MMSE score, the sensitivities of the Watson and
Sunderland methods (60% and 20% respectively) were
similar to those obtained for the whole patient group.

Interpretation

Our study differs in several ways from those previously
published. First, we compared the clock-drawing scores
with the EXIT scores and not the MMSE scores, and the 2
methods used to score the clock drawings have not been
previously evaluated in comparison with the EXIT. Royall
and colleagues®” found significant correlation between 6
different scoring methods of clock-drawing tests and EXIT
scores (r = 0.56-0.78). However, they did not include the
Watson method. In addition, they looked at the direct cor-
relation between the MMSE, EXIT and clock-drawing
scores and not at groups with normal versus abnormal
MMSE scores, as we did. Also, their study population dif-

fered from ours in that it comprised preselected patients
with Alzheimer’s disease and healthy elderly control sub-
jects, which allowed the authors to evaluate the ability of
the clock-drawing test to identify “hidden” cognitive dys-
function. Second, in our patient group the clock-drawing
test was not used to diagnose dementia but, rather, to iden-
tify specific executive cognitive dysfunction that may or
may not be significant enough to fulfill the criteria for de-
mentia outlined in the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition.' Third, the patients evalu-
ated in our study had normal (“non-dementia”) MMSE
scores. Manos,"” in a subanalysis of 14 patients from a pre-
vious publication,” found that his 10-point clock-drawing
test had a sensitivity of 71% among patients with a normal
MMSE score for the specific diagnosis of Alzheimer’s dis-
ease and not for executive cognitive dysfunction from any
cause. We are unaware of any study that has examined the
relation between clock drawings and executive cognitive
dysfunction in a group with normal MMSE scores.

The need for all physicians to be comfortable with cogni-
tive assessments is increasing, and primary care physicians
are the most likely to be able to detect early cognitive de-
cline for consideration of treatment and future life planning
(e.g., wills, advance directives). Executive cognitive dysfunc-
tion can have a significant impact on decision-making ca-
pacity, and this condition is particularly challenging to diag-
nose in someone with a normal MMSE score.” Ideally,
every physician would have rapid access to a referral centre
or have a trained occupational therapist or neuropsycholo-
gist in his or her office. However, these scenarios are not
the reality of modern medicine. A detailed cognitive assess-

Patients referred to
geriatric assessment clinic
n =68
I
I |
Abnormal MMSE Normal MMSE
score (< 24) score (24-30)
n=36 n=32
I
I |
Normal EXIT Abnormal EXIT
score (< 15) score (= 15)
n=10 n=22

Normal clock-drawing score
* Watson method (< 4)

Abnormal clock-drawing score
* Watson method (= 4)

Normal clock-drawing score
¢ Watson method (< 4)

Abnormal clock-drawing score
¢ Watson method (= 4)

n=7 n=3
¢ Sunderland method (= 6) e Sunderland method (< 6)
n=10 n=0

n=9 n=13
¢ Sunderland method (= 6) e Sunderland method (< 6)
n=18 n=4

Fig. 3: Distribution of patients referred to a geriatric assessment clinic according to their Mini-Mental State Examination

(MMSE) scores, Executive Interview (EXIT) scores and clock-drawing test scores.
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ment in a busy office is often not possible, but the adminis-
tration of an MMSE and a clock-drawing test to patients
with suspected functional decline is possible.

The clock-drawing test has been shown to be an accept-
able, non-threatening assessment® that is reliable and effec-
tive for diagnosis and longitudinal assessment of cogni-
tion'"***** and correlates with the MMSE score."* Like
the MMSE, the clock-drawing test can be education de-
pendent,” particularly when a predrawn circle is not pro-
vided. Unlike many other tools for measuring cognitive
function, the clock-drawing test is independent of ethnic
background.”*

When the MMSE score is abnormal, the suspicion of
cognitive impairment is already raised. Under these cir-
cumstances the clock-drawing test score is often abnormal
(as was the case among 83% of the patients in our study
[Watson method]), and it reinforces the suspicion of cogni-
tive impairment. The more difficult cases involve patients
with a history of unusual or abnormal function or whose
physician has concerns about their higher cognitive func-
tioning (e.g., medication compliance or competency assess-
ment) and whose MMSE score is normal. In such cases the
clock-drawing test can be particularly useful to examine
cognitive domains not evaluated by the MMSE.

The best method for scoring clock drawings is still being
debated, as highlighted by the abundance of scoring meth-
ods available. In one study” the scoring methods described
by Mendez and associates® and by Shulman® were shown
to be superior to the Watson and Sunderland methods in
their ability to diagnose Alzheimer’s disease. (The method
by Mendez and associates requires the use of a 20-point
scale; the Shulman method requires the use of a 6-point
scale to score subjects’ drawn and predrawn circles.) The
investigators commented that “many clocks are drawn but
few formally scored.” This emphasizes the problem of us-
ing difficult scoring systems in real practice. Although the
Watson method may not be as comprehensive as others, it
is easy to use and to score drawings objectively, even by
those with limited scoring experience, and it does not re-
quire the tester to carry standardized clock pictures. Al-
though the Watson method does not account for the posi-
tioning of the clock hands (felt by some to be an important
frontal executive function), we found it to be a more sensi-
tive indicator of executive dysfunction than the Sunderland
method, which did account for hand positioning. We
found the Sunderland method to be more specific, but less
sensitive, than the Watson method in identifying executive
dysfunction in patients with a normal MMSE score. In a
practical sense, both of these scoring methods could be
used: if the numbers are abnormally spaced, or if the hands
are incorrectly placed. Shulman® reinforced the utility of
the clock-drawing test both initially and in long-term fol-
low-up of patients with cognitive deficits.

The process of the MMSE and clock-drawing test de-
serves comment. We are unaware of data that look at the
difference of doing the clock-drawing test before or after

Clock drawing and cognitive dysfunction

the MMSE. However, good neuropsychiatric practice
would suggest that the clock-drawing test not be inter-
posed in the middle of the MMSE, because this may affect
the validity of the MMSE score and does not follow the
guidelines established for the standardized MMSE." The
circle for the clock-drawing test should be provided to the
patient on an otherwise blank sheet of paper to lessen po-
tential distractors.

Our study has limitations. The patients represent a dis-
tinct group who were referred because of concerns about
their continued independent function, and so there was a
mixture of cognitive disorders. Most of the patients were
referred by their family physicians, and although they may
not be representative of this age group in all community
practices, they undoubtedly represent some of the patient
population in family practitioner’s offices. The retrospec-
tive nature of the study may also be considered a limitation;
however, it allowed for the staff to be blinded to the pur-
pose of the study when the MMSE, clock-drawing test and
EXIT were administered. The person who scored the clock
drawings was blinded to the other test results; hence poten-
tial bias in scoring was minimized. The patients did not
have formal neuropsychological testing to evaluate frontal
lobe dysfunction; however, this was not felt to be necessary
because the EXIT has been previously validated against a
battery of neuropsychological tests."””*? Some may con-
sider the participation of an occupational therapist a limita-
tion to the generalizability of our findings to other practice
settings. However, the clock drawings were scored by a
clinician; the occupational therapist performed only the
EXIT. A final limitation may be the methods used to score
the clock drawings; however, they were chosen for their
ease of administration (predrawn circle provided to pa-
tients) and objective scoring to try to mimic a busy commu-
nity practice as much as possible.

Studies have demonstrated that dementia is underdiag-
nosed in the primary care setting, with one showing that
less than half of patients with Alzheimer’s disease are being
identified.”” Even when primary care physicians know the
value of dementia screening, they rarely do the testing.***
Reported barriers to testing include increasingly abbrevi-
ated office visits, lack of routine use of cognitive screening
tools, difficulty interpreting cognitive test results, lack of
specificity and sensitivity of screening tools, and the risk of
offending patients.” Clock-drawing tests have been found
to be effective in screening elderly patients in hospital for
cognitive impairment.”” A high correlation has been found
between the perceptions of family members or caregivers
who inform health care professionals of suspected cognitive
problems of a patient and the patient’s actual cognitive im-
pairment.”* Thus, it might be best to target this group of
patients instead of screening on the basis of age alone,
which has a low positive predictive value for dementia.”

Our study highlights the fact that a normal MMSE
score does not exclude significant cognitive dysfunction.
The addition of a clock-drawing test can enhance the eval-
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uation by assessing domains of cognition not examined by
the MMSE alone. The clock drawing should be scored ob-
jectively whenever possible. An abnormal clock drawing
may suggest executive cognitive dysfunction and should
prompt further testing or referral. The clock-drawing test
is not designed to be the only form of cognitive evaluation
and instead should be an adjunct to the MMSE to identify,
or explain, functional issues encountered by physicians.
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