
Clock-Drawing Test as a Screening Tool for Cognitive 
Impairment Associated With Fecal Immunochemical Test 
Collection Errors

ABSTRACT
PURPOSE The purposes of this study were to determine if (1) certain demographic charac-
teristics (potential predictors) of participants, and (2) clock-drawing test results (as a screen-
ing test for cognitive impairment) were associated with fecal immunochemical test (FIT) 
sample collection errors.

METHODS Patients scheduled for an upcoming colonoscopy were asked to collect stool 
samples using 5 different FITs. Patients completed a questionnaire that included the clock-
drawing test. Errors included mistakes or omissions in recording the stool collection date 
and errors in stool collection. Each clock drawing was scored by 2 reviewers using 2 estab-
lished methods.

RESULTS Of the 1,448 participants with a clock drawing, 63% were female with a mean 
age of 63 years. In this population there were 83% White, 6% Black, and 24% Hispanic 
persons. Cognitive impairment was found in 292 patients by the Mendes-Santos method. 
Kappa coefficient for the 2 clock-drawing scores was 0.79 (P <.001). The multivariable gen-
eralized linear mixed model for FIT collection errors indicated being female (adjusted odds 
ratio [AOR], 1.64; 95% CI, 1.09-2.48), having an 8th grade or less education (AOR, 3.40; 
95% CI, 1.87-6.18), and having an abnormal Mendes-Santos method clock score (AOR, 
1.65; 95% CI, 1.08-2.54) were associated with significantly more errors.

CONCLUSION Among the participants who do not have dementia, FIT collection errors 
were made not only by those who had abnormal clock drawing, but also, by those with 
normal clock drawings. Subjects being female, having 8th grade education or less, and 
having an abnormal clock drawing scored by Mendes-Santos’s method were associated with 
FIT collection errors.

Ann Fam Med 2022;20:452-459. https://doi.org/10.1370/afm.2855

INTRODUCTION

Approximately 16% to 20% of people ages 60 or more years have mild cogni-
tive impairment.1 Mild cognitive impairment is described as an intermediate 
state between cognitively intact persons and those with dementia.2 Indi-

viduals with mild cognitive impairment demonstrate impairment in any cognitive 
domain, such as memory, executive function, language, or visuospatial skills.1,3 
Screening for colorectal cancer, which is recommended to start at age 45 years, can 
be accomplished by several methods including a fecal immunochemical test (FIT) or 
colonoscopy.4 Both require the ability to correctly follow a sequence of steps.

During a research study, patients can make mistakes that may be considered 
careless (eg, not answering a question on a survey). Mistakes made in our study, 
comparing the effectiveness of FITs with colonoscopy, included reporting an incor-
rect date, not including the date of the stool sample collection, or collecting the 
stool sample incorrectly.5 Forgetting to return a specimen or provide the date of 
stool collection are tasks in which the participant forgets to do something, possibly 
due to short-term memory loss or inattention.6 Collecting the stool specimen incor-
rectly demonstrates failure in executive function, since collection involves reading, 
understanding, and following instructions. It may also be due to an inability to con-
sider the sequence of steps to complete the task or visual perception problems.2,7,8 
An underlying cause for these mistakes may be mild cognitive impairment, major 
depression, a low education level, or being careless.9,10
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CLOCK DR AWING AND COGNIT IVE IMPAIRMENT IN FIT COLLEC T ION ERRORS

Clock-drawing tests are used with batteries of other cog-
nitive tests to discriminate among individuals with normal 
cognition, mild cognitive impairment, and dementia.11,12 Stud-
ies have demonstrated that individuals with cognitive impair-
ment score worse on the clock-drawing test than individuals 
with normal cognition.13-18 In a mailed survey to determine 
if a clock-drawing test can be accomplished by mail, 4,843 
community-dwelling persons aged 52 or more years, in a 
southern California retirement community, completed a clock-
drawing test scored by 2 methods and found that 510 (11%) 
respondents had abnormal clock drawings.19 That study dem-
onstrated that community-dwelling persons were able to com-
plete a clock-drawing test by mail. The results indicated that 
for both males and females, the mean total clock scores wors-
ened with each successive 5-year age group. In another study, 
a mailed questionnaire with a clock-drawing test was used to 
compare the accuracy of colonoscopy self-report with infor-
mation from the medical record.20 Of the 493 respondents 
from 16 primary care offices across Iowa, 15% had abnormal 
clock drawings; individuals with normal scores had higher 
accuracy in self-report compared with their medical record.20

In the context of a large comparative effectiveness study 
of FIT testing, we sought to evaluate the possible contribu-
tion of impaired cognition on FIT test completion and errors. 
Our hypothesis was that impairment demostrated with a 
clock-drawing test may be associated with errors in FIT sam-
ple collection. The purposes of this study were to determine 
if (1) certain demographic characteristics (potential predic-
tors) of participants, and (2) clock-drawing test results (as a 
screening test for cognitive impairment) were associated with 
FIT sample collection errors.

METHODS
This study used data from our comparative effectiveness study 
to assess test characteristics of 5 FITs used for detection of 
advanced colorectal neoplasia, using optical colonoscopy as the 
gold standard.5 Healthy patients scheduled for screening or sur-
veillance colonoscopy were asked to collect stool samples using 
5 different FITs from 1 bowel movement. Detailed step-by-step 
written and pictorial directions for collecting each of the FITs 
were provided. Individuals aged 50 to 85 years who could read/
write in English or Spanish were eligible. Individuals with medi-
cal diagnoses indicating cognitive impairment were not invited 
to participate. Institutional Review Board approval was received 
for this study at each of the 3 participating sites: University of 
Iowa at Iowa City, Iowa; Univeristy of North Carolina at Cha-
pel Hill, North Carolina; and Texas Tech University Health 
Sciences Center at El Paso, Texas. Study methods for the com-
parative effectiveness project have been described previously 
and are summarized in Supplemental Appendix 1.5

Health Questionnaire
Each participant completed a 19-item health questionnaire that 
was adapted from our previous research.21 Questions focused 

on the results of recent colorectal cancer screening tests, fam-
ily history of colorectal cancer, perception of general health, 
medication use, smoking status, and demographics.

Clock-Drawing Test
On the 13-item investigator-developed product question-
naire designed to assess perceptions of ease of stool collection 
using the various FITs, the final 2 questions instructed patients 
to “Please draw the face of a clock with numbers and hands 
to signify the time ten minutes after eleven” and to indicate 
if anyone helped them draw the clock. The questionnaire 
included a pre-drawn circle. Two scoring methods, Watson 
et al17 and Mendes-Santos et al22 (referred to as the Watson 
method and Mendes-Santos method) were used to analyze the 
clock drawings (See Table 1 for scoring and adaptations).

Clock scoring was done by authors J.M.D., M.S., and 
P.K., and acknowleded clock scorers, T.S. and  G.J. The 
researchers who completed the clock-drawing scoring were 
trained by the geriatrician (G.J.) who facilitated consensus 
when needed. All scorers were blinded to the patients’ study 
errors. Two different scorers scored each clock using each 
method. When consensus was not reached, a third scorer 
scored the clock, and the 3 scorers discussed the clock until 
consensus was reached. If clocks were not attempted, they 
were coded as “missing.”

Errors in FIT Collection
The errors in FIT collection included: (1) failure to return a 
vial/dry-slide card, (2) mistakes or omissions in recording the 
stool collection date, and (3) errors in the collection of the 
stool on the vial or dry-slide card. The stool collection prod-
ucts included 4 vials with screw-on caps, and 1 dry-slide card. 
While patients may have made 1 or more errors, for data 
analysis the presence of any error on any one of the prod-
ucts was considered a “yes” for stool collection error. Most 
returned FITs were still testable for analysis of occult blood 
even when collection errors were made. Each of the 5 FITs 
had collection errors (Supplemental Appendix 1).

Statistical Analysis
The outcome variable for this study was the FIT collection 
errors. The clock-drawing test scores were collapsed into 
dichotomous variables. For the Watson method, scores of 0-3 
were considered normal and scores of 4-7 were considered 
abnormal.17 For the Mendes-Santos method, scores of 6-10 
were classified as normal and scores of 1-5 abnormal.22 Error 
in FIT collection was coded yes/no.

Standard descriptive statistics were used to summarize the 
variables. Chi-square tests were used for comparison of cate-
gorical variables between groups. The kappa statistic was used 
to assess agreement between the 2 dichotomous clock-drawing 
scores. Kappa values of 0.81 and above represent almost per-
fect agreement. Substantial agreement values were 0.61-0.80, 
moderate agreement values were 0.41-0.60, fair agreement val-
ues were 0.21-0.40, and slight agreement values were 0-0.20.23
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The generalized linear mixed models using the SAS 
GLIMMIX (SAS Institute Inc) procedure were used to exam-
ine a binary outcome to indicate if having any errors in FIT 
collection was associated with demographic factors and each 
of the clock-drawing scores. The location variable of site 
(Iowa, North Carolina, or Texas) was specified as the random 
intercept in the model to account for the correlation among 
participants at a site. Each of the potential associated fac-
tors was tested individually with the outcome variable in the 

model. Variables tested included patient’s age category, sex, 
race, ethnicity, household income, and each of the 2 clock-
drawing scores separately. Variables with P <.15 in these uni-
variable predictor models were included in the multivariable 
analyses, and age was forced into the final model because of 
its clinical implications. Subsequently, the backward stepwise 
method was used to remove the variables one at a time, and 
variables with P <.05 were considered significant in the final 
multivariable model. Interaction terms were tested in the 

Table 1. Scoring Rubric for Mendes-Santos and Watson Methodsa

Mendes-Santos Methodb,22 Original Scoring Adaptations to Directions and Scoring 

(Item) Description 

(a)  Presence of a circle

(b)  Presence of 12 numbers

(c)  Numbers entered in the internal limit 
of the clock

(d)  Number in the correct ascending order

(e)  Numbers in correct spatial position

(f)  A straight vertical line can be drawn 
between 12 and 6

(g)  A straight horizontal line can be drawn 
between 3 and 9

(h)  Numbers not concentrated in 1 part 
of the clock

(i)  Presence of 2 points

(j)  Presence of hour hand

(k)  Presence of minute hand

(l)  Minute hand proportionally larger than 
the hour hand

(m)  One of the hands between 2 and 3

(n)  One of the hands on exactly 9

(o)  Wrong use of hands (digital or circling 
the numbers)

(p)  Some evidence of having understood 
that it is a clock

(q)  Did not try or did not represent a clock

(Score) Explanation

Mark all the items present in the drawn clock with 
an “X”.ª

(10)  Correct time (no mark for items o, p, q)

(9) Very mild disorder of hands (no mark for at least 
one item of l, m, n)

(8)  Mild disorder of hands (no mark for at least 2 
items of l, m, n)

(7)  Severe disorder of hands (no mark for items l, m, n)

(6)  Wrong use of hands (item o is marked)

(5) Numbers in reverse order or concentrated (no 
mark for items d or h)

(4) Numbers missing or located outside the bound-
ary of the clock (no mark for items b and c)

(3) Absence of hands (no mark for items i, j, k)

(2)  Only some evidence of having understood that it 
is a clock (item p is marked)

(1) Not tried or did not represent a clock (item q is 
marked)

If the item o is checked, the score is 6 points.

If the item p is checked, the score is 2 points.

If the item q is checked, the score is 1 point.

Patients were asked to signify the time as 
10 minutes after 11.

Item m was adapted to say, “on exactly 2.”

Item n was adapted to say, “on exactly 11.”

Four numbers with intervening tick 
marks were accepted as presence of 12 
numbers.

Watson Methodc,17 Original Scoring Adaptations to Directions and Scoring 

Instructions to patients

Divide circle into 4 quadrants drawing a 
line through the center of the circle and 
the number 12.

Draw the second line perpendicular to 
and bisecting the first line.

Count each digit with the number 12 
being in the top right quadrant.

Count numbers in the clockwise direction.

If a number fell on 1 of the lines, it was 
counted in the quadrant clockwise from 
the line.

Scoring explanations

If a clock were drawn correctly, the numbers 12, 1, 
and 2 would be in the first quadrant, 3, 4, and 5 
in the second quadrant, and so on. 

Any error in the first 3 quadrants was a score of 1 
and any error in the last quadrant (numbers 9, 10, 
and 11) was a score of 4.

If no errors were made, the final score was a 0.

Instructions in the mailing did not specify 
that patients must include “all” numbers.

Clocks with 4 numbers (12, 3, 6, 9) in the 
correct spatial position were scored as 0.

Four numbers (12, 3, 6, 9) with interven-
ing tick marks were accepted as presence 
of twelve numbers and scored as 0.

If clocks had the numbers 12, 3, 6, and 9 
along with the numbers 2 and 11 to sig-
nify the time, those clocks were scored 
as 0.

a Each method had a pre-drawn circle on the questionnaire.
b Score could range from 1-10 with 10 as the best possible score. Scores of 6-10 were considered normal and scores of 1-5 abnormal.
c Scores could range from 0-7 with 0 as the best possible score. Scores of 0-3 were considered normal and scores of 4-7 abnormal.
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multivariable model. All analyses were performed using SAS 
version 9.4 (SAS Institute Inc).

RESULTS
A total of 1,490 participants completed the informed consent, 
health questionnaire, FITs, and product questionnaire. Of 
these, 28 (1.9%) did not attempt the clock drawing and 14 
(0.9%) reported they had help drawing the clock. Those 42 
individuals were excluded from analysis which left a total of 
1,448 participants. The mean age was 63 years (SD 8 years), 
908 (63%) were female, and 354 (24%) participants identified 
as Hispanic. The group had 1,201 (83%) White people, 94 
(6%) Black, and 153 (11%) of other races (Native American/
Alaska Native, Asian, Native Hawaiian/Other Pacific Islander). 
There were 75 (5%) with an eighth-grade education or less 
and 573 (41%) with an income of $80,000 or higher (Table 2).

Overall, 153 (10.6%) participants made 1 or more errors 
in FIT collection. The 1,448 participants were sent 7,240 
FITs and 7,234 (99.9%) were returned. Six (0.4%) participants 
failed to return a vial or dry-slide 
card, 22 (1.6%) made a mistake or 

omission in recording the stool collection date; 133 (9.2%) 
made 145 errors in the collection of the stool, with 10 (0.7%) 
making more than 1 collection error. The most frequent 
errors for FITs were too much stool in the vial requiring a 
repeat of the analysis for 34 (2.3%) of the 1,448 participants, 
stool on wrong end of the vial by 29 (2.0%), stool on wrong 
side of the slide by 13 (0.9%), stool collected incorrectly on 
slide by 11 (0.8%), the buffer tip was broken off by 9 (0.6%), 
and 42 (2.8%) made other errors in the collection of the 
stool. Of the 133 participants that made collection errors, 62 
(4.3%) had at least 1 FIT that was not testable.

Clock-drawing results indicated 292 (20%) participants 
had cognitive impairment by the Mendes-Santos method, 
and 378 (26%) by the Watson scoring method (Table 3). The 
kappa coefficient for the 2 clock-drawing scores was 0.79 (P 
<.001), indicating substantial agreement between the 2 meth-
ods.23 Demographic characteristics and errors associated with 
abnormal clocks were calculated according to each scoring 
method. Significant differences were found by the Watson 
method for age, sex, race, ethnicity, and income. Using the 

Table 2. Demographic 
Characteristics of Study 
Participants (N = 1,448)

Characteristic No. (%)

Age, y
<65 882 (60.9)
65-75 466 (32.2)
>75 100 (6.9)

Sex
Female 908 (62.7)
Male 540 (37.3)

Race
Black 94 (6.5)
White 1,201 (82.9)
Other 153 (10.6)

Ethnicity
Hispanic 354 (24.4)
Non-Hispanic 1,083 (74.8)
Unknown 11 (0.8)

Education
≤8th grade 75 (5.2)
High School/GED 324 (22.6)
College or higher 1,035 (72.2)

Income, $
<40,000 491 (33.9)
40,000-80,000 329 (22.7)
>80,000 573 (39.6)
Not reported 55 (3.8)

GED = general equivalency diploma. 

Table 3. Participant Clock Drawing Scores by Demographics (N = 1,448)

Characteristic

Watson Method Score17 Mendes-Santos Method Score22

Normal, 
No. (%)

Abnormal, 
No. (%)

P 
Valuea

Normal, 
No. (%)

Abnormal, 
No. (%)

P 
Valuea

Total 1,070 (73.9) 378 (26.1) 1,156 (79.8) 292 (20.2)
Age, y .039 .017

<65 672 (76.2) 210 (23.8) 725 (82.2) 157 (17.8)
65-75 330 (70.8) 136 (29.2) 357 (76.6) 109 (23.4)
>75 68 (68.0) 32 (32.0) 74 (74.0) 26 (26.0)

Sex <.001 <.001
Female 709 (78.1) 199 (21.9) 770 (84.8) 138 (15.2)
Male 361 (66.9) 179 (33.2) 386 (71.5) 154 (28.5)

Race .026 .273
Black 61 (64.9) 33 (35.1) 72 (76.6) 22 (23.4)
White 886 (73.8) 315 (26.2) 955 (79.5) 246 (20.5)
Other 123 (80.4) 30 (19.6) 129 (84.3) 24 (15.7)

Ethnicity .006 <.001
Hispanic 284 (80.2) 70 (19.8) 310 (87.6) 44 (12.4)
Non-Hispanic 777 (71.8) 306 (28.3) 836 (77.2) 247 (22.8)
Unknown 9 (81.8) 2 (18.2) 10 (90.9) 1 (9.1)

Education .349 .147
≤8th grade 53 (70.7) 22 (29.3) 65 (86.7) 10 (13.3)

High School/GED 249 (76.9) 75 (23.2) 265 (81.8) 59 (18.2)
College or higher 758 (73.2) 277 (26.8) 814 (78.7) 221 (21.4)

Income, $ .002 <.001
<40,000 412 (83.9) 79 (16.1) 439 (89.4) 52 (10.6)
40,000-80,000 271 (82.4) 58 (17.6) 281 (85.4) 48 (14.6)
>80,000 432 (75.4) 141 (24.6) 444 (77.5) 129 (22.5)
Not reported 40 (72.7) 15 (27.3) 43 (78.2) 12 (21.8)

GED = general equivalency diploma.

a χ2 test 
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Mendes-Santos method, significant differences were found for 
age, sex, ethnicity, and income (Table 3). Examples of abnor-
mal clock drawings are found in Figure 1.

In the univariate generalized linear mixed model for FIT 
collection errors, female sex, Hispanic ethnicity, and an 8th 
grade education or less compared with college or higher were 
significantly associated with having a FIT collection error. 
The Mendes-Santos score was close to being significant 
(P = .073). The multivariable generalized linear mixed model 
indicated being female (adjusted odds ratio [AOR], 1.49; 95% 
CI, 1.02-2.19), having an eighth grade education or less com-
pared with college or higher (AOR, 3.76; 95% CI, 2.14-6.62), 
and having an abnormal clock by the Mendes-Santos score 
(AOR, 1.57; 95% CI, 1.05-2.36) were significantly associated 
with having FIT collection errors (Table 4). In the multivari-
able generalized linear models, the Mendes-Santos score and 
Watson scores were tested separately with other variables; the 
Watson score was not a significant predictor.

DISCUSSION
Use of FITs, as a stool-based screening test for colorectal can-
cer, is a cost-effective and potentially life-saving test. Screen-
ing helps to detect precancerous polyps and early-stage 

cancer when treatment has the greatest chance of success. 
Screening remains underused, and even when samples are 
collected many are unusable due to collection errors.24 This 
study examines factors that are associated with FIT collection 
errors with the hypothesis that undiagnosed mild cognitive 
impairment may be associated with collection errors. Indi-
viduals with a prior cognitive impairment diagnoses were 
excluded from the study.

We found an overall FIT collection error rate of 11% and 
an abnormal clock-drawing rate of 20% to 26% depending 
on scoring method. Our study showed the proportion of 
clock-drawing errors increased with increasing age, similar 
to other studies.25-27 Regardless of the type of clock-drawing 
scoring method, males were significantly more likely to draw 
an abnormal clock. Other studies have found that females 
do worse on the clock drawing compared with males, differ-
ent from our results.17,28-30 Factors such as depression, care-
giver stress, aspirin use, estrogen use, and smoking could be 
associated with our findings and would need further study, 
especially to determine if those factors influence our differing 
finding based on sex.19,31

Even after controlling for education, we found abnormal 
clock drawing was associated with FIT collection errors. 
Regardless of the type of clock-drawing scoring method, 

Figure 1. Examples of abnormal clock drawings.
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males were significantly more likely to draw an abnormal 
clock; however, females were more likely to make stool col-
lection errors. Age, sex, education level, and abnormal clock 
drawings continued to be significantly associated with FIT 
collection errors. In an earlier study of 4,843 community-
dwelling individuals aged 52 years and older, regression 
analysis showed a significant association for abnormal clock 
drawing with older age, lower education, and being female.19 
In our results, abnormal clock drawing scores (by either scor-
ing method) were significantly associated with educational 
level, with persons having an 8th grade educational level or 
less being more likely to draw an abnormal clock. Lower edu-
cation level was a consistent predictor of poorer clock draw-
ings in previous studies.19,32

Clock drawing and FIT stool collection involve a diverse 
range of cognitive abilities including comprehension, plan-
ning, visual memory and reconstruction, visuospatial 
abilities, motor programming and execution, numerical 
knowledge, abstract thinking, concentration, and frustra-
tion tolerance.11,33,34,35 The participants needed to be able 

to understand and follow directions for clock drawing and 
FIT collection. Without additional cognitive testing, it is 
unknown if participants who had trouble completing these 
tasks had mild cognitive impairments. Errors in the collection 
of stool samples may occur for many other reasons includ-
ing arthritis, medication side effects, physical limitations, or 
vision problems.

Stool collection errors occur in research studies and in 
sample collection for routine laboratory tests.36 In a study 
where FIT samples were received from 1,871 patients, 
researchers found that 20% were not usable, with the major-
ity failing to provide the stool collection date.36 At one 
laboratory, the colorectal cancer screening FIT rejection rate 
was 29%.37 The main causes for rejection were expiration of 
the FIT, no collection date recorded, no physician order, and 
no patient information, some of which were not the patient’s 
responsibility.37 To reduce the rejection rate, multiple inter-
ventions were implemented.37 In their study, these interven-
tions reduced their rejection rate to 7%37 which was similar to 
our error rate, indicating our results are likely generalizable to 

the real world. Most errors in speci-
men testing occur in the pre-ana-
lytical phase which includes patient 
preparation and sample collection.38 
In the clinical setting, accurate FIT 
collection is important for correct 
colorectal cancer screening.

Future research could evaluate 
other medical procedures patients 
complete at home, such as colo-
noscopy preparation, irrigating and 
changing a wound dressing, or medi-
cation schedules, to assess errors in 
completion. If problems occur for 
certain patients, exploring whether 
cognitive screening using clock draw-
ing may be appropriate to identify 
individuals who may need help com-
pleting tasks.

A limitation of this study is that 
the clock-drawing test is only one 
component of a detailed exam to 
assess cognitive impairment and 
should not be used alone to classify 
someone with cognitive impairment. 
Any individual screened for mild cog-
nitive impairment should undergo a 
complete history and physical exami-
nation including extensive cognitive 
testing, medication use, functional 
status, neurologic and psychiatric 
evaluation, and laboratory testing.39

Because the clock-drawing test 
was completed at the participant’s 
home, it is difficult to know for 

Table 4. Generalized Linear Mixed Model of Factors Associated With Errors in  
FIT Collection (N = 1,448)

Factors

FIT  
Collection 

Errors (Yes) 
No. (%)

Univariable Model Multivariable Model

Odds Ratio 
(95% CI)

P 
Values

Odds Ratio 
(95% CI)

P 
Values

Age, y
<65 97 (11.0) 0.61 (0.34-1.12) .109 0.61 (0.34-1.11) .107
65-75 41 (8.8) 0.51 (0.27-0.97) .040 0.48 (0.25-0.91) .026
>75 15 (15.0) Reference Reference

Sex
Female 108 (11.9) 1.43 (0.99-2.07) .056 1.49 (1.02-2.19) .039
Male 45 (8.3) Reference Reference

Race
White 118 (9.8) 0.61 (0.32-1.14) .123
Others 22 (14.4) 0.79 (0.36-1.73) .558
Black 13 (13.8) Reference

Ethnicity
Hispanic 51 (14.4) 1.64 (1.14-2.35) .007
Non-Hispanic 102 (9.3) Reference

Education
≤8th grade 20 (26.7) 3.68 (2.12-6.42) <.001 3.76 (2.14-6.62) <.001
High School/GED 38 (11.7) 1.35 (0.90-2.01) .146 1.38 (0.92-2.06)
College or higher 93 (9.0) Reference Reference .120

Watson Method Score17

Abnormal 47 (12.4) 1.34 (0.93-1.94) .118
Normal 106 (9.9) Reference

Mendes-Santos 
Method Score22

Abnormal 38 (13.0) 1.44 (0.97-2.13) .073 1.57 (1.05-2.36) .029
Normal 115 (10.0) Reference Reference

FIT = fecal immunochemical test; GED = general equivalency diploma.
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certain whether the respondent completed the clock them-
selves. Most respondents indicated “no” to the question “did 
someone help you complete this clock drawing?” This study is 
different from other mailed fecal occult blood test studies, in 
that each participant was asked to use 5 different FIT devices 
for stool collection, which is a more complex task compared 
with a typical take-home test where individuals are only 
asked to perform 1 test. Because the FITs were collected on 
the same stool sample, however, and had generally similar col-
lection procedures, we believe this has minimal impact on the 
validity of our findings. Another limitation is that participants 
were not asked if they had help completing the stool collec-
tion. Strengths of this study include a relatively large racially 
and ethnically diverse population who completed a moder-
ately complex task of collecting 5 FITs and a clock drawing.

CONCLUSION
In this study of patients (without dementia, serious psy-
chiatric diagnoses, or paralysis) scheduled for screening or 
surveillance colonoscopies, FIT collection errors were made 
by those with both normal and abnormal clock drawings. 
This could indicate an inability to follow directions for com-
plex tests, such as FIT collection. Thus, the clock-drawing 
test may be beneficial in the clinical setting when a patient 
is asked to complete medical tests or preparation for tests at 
home. Being female, having an 8th grade education or less, 
and having an abnormal clock drawing score by Mendes-San-
tos’s method were associated with FIT collection errors.

 Read or post commentaries in response to this article.

Key words: clock drawing test; cognitive impairment; colorectal cancer; fecal 
immunochemical test; occult blood

Submitted May 7, 2021; submitted, revised, February 28, 2022; accepted May 
11, 2022.

Funding support: Research reported in this publication was supported by the 
National Institutes of National Cancer Institute R01 CA215034 (BT Levy, PI) and 
the National Center For Advancing Translational Sciences of the National Insti-
tutes of Health under Award Number UL1TR002537. The content is solely the 
responsibility of the authors and does not necessarily represent the official views 
of the National Institutes of Health.

Trial registration: NCT03264898 (clinicaltrials.gov) – Comparative Effectiveness 
of FITs with Colonoscopy.

Acknowledgments: Clock scorers: Tia Saunders, BS, and Gerald Jogerst, MD, 
University of Iowa.

 Supplemental materials

REFERENCES
	 1.	Roberts R, Knopman DS. Classification and epidemiology of MCI. Clin Geriatr 

Med. 2013;​29(4):​753-772. 10.1016/j.cger.2013.07.003

	 2.	Bradfield NI, Ames D. Mild cognitive impairment:​ narrative review of tax-
onomies and systematic review of their prediction of incident Alzheimer’s 
disease dementia. BJPsych Bull. 2020;​44(2):​67-74. 10.1192/bjb.2019.77

	 3.	Zhang J, Wang L, Deng X, et al. Five-Minute cognitive test as a new quick 
screening of cognitive impairment in the elderly. Aging Dis. 2019;​10(6):​1258-
1269. 10.14336/ad.2019.0115

	 4.	Wolf AMD, Fontham ETH, Church TR, et al. Colorectal cancer screening for 
average-risk adults:​ 2018 guideline update from the American Cancer Soci-
ety. CA Cancer J Clin. 2018;​68(4):​250-281. 10.3322/caac.21457

	 5.	Levy BT, Daly JM, Xu Y, et al. Comparative effectiveness of five fecal immu-
nochemical tests using colonoscopy as the gold standard:​ study protocol. 
Contemp Clin Trials. 2021;​106:​106430. 10.1016/j.cct.2021.106430

	 6.	Connerton P. Seven types of forgetting. Mem Stud. 2008;​1(1):​59-71. 10.1177/​
1750​6980​07083889

	 7.	Gauthier S, Reisberg B, Zaudig M, et a.;​ International Psychogeriatric 
Association Expert Conference on mild cognitive impairment. Mild cog-
nitive impairment. Lancet. 2006;​367(9518):​1262-1270. 10.1016/s0140-
6736(06)68542-5	

	 8.	Sanford AM. Mild cognitive impairment. Clin Geriatr Med. 2017;​33(3):​325-
337. 10.1016/j.cger.2017.02.005

	 9.	Lindert J, Paul KC, Lachman ME, Ritz B, Seeman TE. Depression-, anxiety-, 
and anger and cognitive functions:​ findings from a longitudinal prospective 
study. Front Psychiatry. 2021;​12:​665742. 10.3389/fpsyt.2021.665742

	10.	Shimada H, Park H, Makizako H, Doi T, Lee S, Suzuki T. Depressive symp-
toms and cognitive performance in older adults. J Psychiatr Res. 2014;​57:​149-
156. 10.1016/j.jpsychires.2014.06.004

	11.	Shulman KI. Clock-drawing:​ is it the ideal cognitive screening test? Int J Geri-
atr Psychiatry. 2000;​15(6):​548-561. 10.1002/1099-1166(200006)15:​6<548:​:​
aid-gps242>3.0.co;​2-u

	12.	Shulman KI, Herrmann N, Brodaty H, et al. IPA survey of brief cognitive 
screening instruments. Int Psychogeriatr. 2006;​18(2):​281-294. 10.1017/s104​
1610​205002693

	13.	Herrmann N, Kidron D, Shulman KI, et al. Clock tests in depression, 
Alzheimer’s disease, and elderly controls. Int J Psychiatry Med. 1998;​28(4):​
437-447. 10.2190/5qa5-phun-1q9f-c0pb

	14.	Royall DR, Mulroy AR, Chiodo LK, Polk MJ. Clock drawing is sensitive to 
executive control:​ a comparison of six methods. J Gerontol B Psychol Sci Soc 
Sci. 1999;​54(5):​328-333. 10.1093/geronb/54b.5.p328

	15.	Lam LC, Chiu HF, Ng KO, et al. Clock-face drawing, reading and setting tests 
in the screening of dementia in Chinese elderly adults. J Gerontol B Psychol 
Sci Soc Sci. 1998;​53(6):​353-357. 10.1093/geronb/53b.6.p353

	16.	Manos PJ, Wu R. The ten point clock test:​ a quick screen and grading 
method for cognitive impairment in medical and surgical patients. Int J Psy-
chiatry Med. 1994;​24(3):​229-244. 10.2190/5a0f-936p-vg8n-0f5r

	17.	Watson YI, Arfken CL, Birge SJ. Clock completion:​ an objective screening 
test for dementia. J Am Geriatr Soc. 1993;​41(11):​1235-1240. 10.1111/j.1532-
5415.1993.tb07308.x

	18.	Kim S, Jahng S, Yu KH, Lee BC, Kang Y. Usefulness of the clock drawing test 
as a cognitive screening instrument for mild cognitive impairment and mild 
dementia:​ an evaluation using three scoring systems. Dement Neurocogn Dis-
ord. 2018;​17(3):​100-109. 10.12779/dnd.2018.17.3.100

	19.	Paganini-Hill A, Clark LJ, Henderson VW, Birge SJ. Clock drawing:​ analysis 
in a retirement community. J Am Geriatr Soc. 2001;​49(7):​941-947. 10.1046/​
j.1532-5415.2001.49185.x

	20.	Daly JM, Levy BT, Joshi M, Xu Y, Jogerst GJ. Patient clock drawing and 
accuracy of self-report compared with chart review for colorectal cancer 
(CRC) screening. Arch Gerontol Geriatr. 2010;​50(3):​341-344. 10.1016/j.
archger.2009.05.017	

	21.	Levy BT, Xu Y, Daly JM, Ely JW. A randomized controlled trial to improve 
colon cancer screening in rural family medicine:​ an Iowa Research Network 
(IRENE) study. J Am Board Fam Med. 2013 Sep-Oct 2013;​26(5):​486-97. 
10.3122/jabfm.2013.05.130041

	22.	Mendes-Santos LC, Mograbi D, Spenciere B, Charchat-Fichman H. Specific 
algorithm method of scoring the clock drawing test applied in cognitively 
normal elderly. Dement Neuropsychol. 2015;​9(2):​128-135. 10.1590/1980-
5764​2015dn92000007

	23.	Landis JR, Koch GG. The measurement of observer agreement for categorical 
data. Biometrics. 1977;​33(1):​159-174.

	24.	Davidson KW, Barry MJ, Mangione CM, et al.;​ US Preventive Services Task 
Force. Screening for colorectal cancer:​ US Preventive Services Task Force 
recommendation statement. JAMA. 2021;​325(19):​1965-1977. 10.1001/jama.​
2021.​6238

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 20, NO. 5 ✦ SEPTEMBER/OCTOBER 2022

458

https://doi.org/10.1370/afm.2855
https://www.annfammed.org/lookup/suppl/doi:10.1370/afm.2855/-/DC1
http://doi.org/10.1016/j.cger.2013.07.003 
http://doi.org/10.1192/bjb.2019.77 
http://doi.org/10.14336/ad.2019.0115 
http://doi.org/10.3322/caac.21457 
http://doi.org/10.1016/j.cct.2021.106430
http://doi.org/10.1177/1750698007083889
http://doi.org/10.1177/1750698007083889
http://doi.org/10.1016/s0140-6736(06)68542-5  
http://doi.org/10.1016/s0140-6736(06)68542-5  
http://doi.org/10.1016/j.cger.2017.02.005
http://doi.org/10.3389/fpsyt.2021.665742 
http://doi.org/10.1016/j.jpsychires.2014.06.004 
http://doi.org/10.1002/1099-1166(200006)15:6<548::aid-gps242>3.0.co;2-u 
http://doi.org/10.1002/1099-1166(200006)15:6<548::aid-gps242>3.0.co;2-u 
http://doi.org/10.1017/s1041610205002693
http://doi.org/10.1017/s1041610205002693
http://doi.org/10.2190/5qa5-phun-1q9f-c0pb 
http://doi.org/10.1093/geronb/54b.5.p328 
http://doi.org/10.1093/geronb/53b.6.p353
http://doi.org/10.2190/5a0f-936p-vg8n-0f5r
http://doi.org/10.1111/j.1532-5415.1993.tb07308.x 
http://doi.org/10.1111/j.1532-5415.1993.tb07308.x 
http://doi.org/10.12779/dnd.2018.17.3.100 
http://doi.org/10.1046/j.1532-5415.2001.49185.x
http://doi.org/10.1046/j.1532-5415.2001.49185.x
http://doi.org/10.1016/j.archger.2009.05.017  
http://doi.org/10.1016/j.archger.2009.05.017  
http://doi.org/10.3122/jabfm.2013.05.130041
http://doi.org/10.1590/1980-57642015dn92000007 
http://doi.org/10.1590/1980-57642015dn92000007 
http://doi.org/10.1001/jama.2021.6238 
http://doi.org/10.1001/jama.2021.6238 


CLOCK DR AWING AND COGNIT IVE IMPAIRMENT IN FIT COLLEC T ION ERRORS

	25.	Talwar NA, Churchill NW, Hird MA, et al. The neural correlates of the clock-
drawing test in healthy aging. Front Hum Neurosci. 2019;​13:​25. 10.3389/
fnhum.2019.00025

	26.	von Gunten A, Ostos-Wiechetek M, Brull J, Vaudaux-Pisquem I, Cattin S, Duc 
R. Clock-drawing test performance in the normal elderly and its dependence 
on age and education. Eur Neurol. 2008;​60(2):​73-78. 10.1159/000131895

	27.	Leissing-Desprez C, Thomas E, Segaux L, et al. Understated cognitive impair-
ment assessed with the clock-drawing test in community-dwelling individuals 
aged ≥50 years. J Am Med Dir Assoc. 2020;​21(11):​1658-1664. 10.1016/j.
jamda.​2020.03.016

	28.	Cummings JL, Vinters HV, Cole GM, Khachaturian ZS. Alzheimer’s disease:​ 
etiologies, pathophysiology, cognitive reserve, and treatment opportunities. 
Neurology. 1998;​51(1)(Suppl 1):​S2-S17, discussion S65-S67. 10.1212/wnl.51.1_
suppl_1.s2

	29.	van Duijn CM. Epidemiology of the dementias:​ recent developments 
and new approaches. J Neurol Neurosurg Psychiatry. 1996;​60(5):​478-488. 
10.1136/jnnp.60.5.478

	30.	Bouati N, Drevet S, Zerhouni N, Bioteau C, Mitha N, Gavazzi G. Cognitive 
screening tool for geriatrics:​ a retrospective observational study on the cor-
relation of the scores in 30-point clock face test and MMSE. Indian J Psychol 
Med. 2021;​43(4):​306-311. 10.1177/0253717620961335

	31.	Michelet M, Lund A, Strand BH, Engedal K, Selbaek G, Bergh S. Character-
istics of patients assessed for cognitive decline in primary healthcare, com-
pared to patients assessed in specialist healthcare. Scand J Prim Health Care. 
2020;​38(2):​107-116. 10.1080/02813432.2020.1753334

	32.	Seigerschmidt E, Mösch E, Siemen M, Förstl H, Bickel H. The clock drawing 
test and questionable dementia:​ reliability and validity. Int J Geriatr Psychia-
try. 2002;​17(11):​1048-1054. 10.1002/gps.747

	33.	Hazan E, Frankenburg F, Brenkel M, Shulman K. The test of time:​ a history of 
clock drawing. Int J Geriatr Psychiatry. 2018;​33(1):​e22-e30. 10.1002/gps.4731

	34.	Mendez MF, Ala T, Underwood KL. Development of scoring criteria for the 
clock drawing task in Alzheimer’s disease. J Am Geriatr Soc. 1992;​40(11):​
1095-1099. 10.1111/j.1532-5415.1992.tb01796.x

	35.	Diamond A. Executive functions. Annu Rev Psychol. 2013;​64:​135-168. 
10.1146/annurev-psych-113011-143750

	36.	Wang A, Rachocki C, Shapiro JA, Issaka RB, Somsouk M. Low literacy level 
instructions and reminder calls improve patient handling of fecal immu-
nochemical test samples. Clin Gastroenterol Hepatol. 2019;​17(9):​1822-1828. 
10.1016/j.cgh.2018.11.050

	37.	Cheng C, Ganz DA, Chang ET, Huynh A, De Peralta S. Reducing rejected fecal 
immunochemical tests received in the laboratory for colorectal cancer screen-
ing. J Healthc Qual. 2019;​41(2):​75-82. 10.1097/jhq.000​000​000​000​0​181

	38.	Plebani M. Quality indicators to detect pre-analytical errors in laboratory 
testing. Clin Biochem Rev. 2012;​33(3):​85-88.

	39.	Langa KM, Levine DA. The diagnosis and management of mild cognitive 
impairment:​ a clinical review. JAMA. 2014;​312(23):​2551-2561. 10.1001/jama.​
2014.13806

	40.	Daly JM, Parang K, Levy BT. Electronic health record algorithm development 
for research subject recruitment using colonoscopy appointment scheduling. 
J Am Board Fam Med. 2021;​34(1):​49-60. 10.3122/jabfm.2021.01.200417

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 20, NO. 5 ✦ SEPTEMBER/OCTOBER 2022

459

http://doi.org/10.3389/fnhum.2019.00025 
http://doi.org/10.3389/fnhum.2019.00025 
http://doi.org/10.1159/000131895 
http://doi.org/10.1016/j.jamda. 2020.03.016 
http://doi.org/10.1016/j.jamda. 2020.03.016 
http://doi.org/10.1212/wnl.51.1_suppl_1.s2 
http://doi.org/10.1212/wnl.51.1_suppl_1.s2 
http://doi.org/10.1136/jnnp.60.5.478
http://doi.org/10.1177/0253717620961335 
http://doi.org/10.1080/02813432.2020.1753334
http://doi.org/10.1002/gps.747 
http://doi.org/10.1002/gps.4731 
http://doi.org/10.1111/j.1532-5415.1992.tb01796.x 
http://doi.org/10.1146/annurev-psych-113011-143750 
http://doi.org/10.1016/j.cgh.2018.11.050 
http://doi.org/10.1097/jhq.000 000 000 000 0 181 
http://doi.org/10.1001/jama.2014.13806 
http://doi.org/10.1001/jama.2014.13806 
http://doi.org/10.3122/jabfm.2021.01.200417

