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TRAIL MAKING TEST: PREDICTIVE VALIDITY
STUDY ON TURKISH PATIENTS WITH

ALZHEIMER DEMENTIA

ABSTRACT
- Introduction: The Trail Making Test is a widely used test that assesses executive functions
Banu CANGOZ such as visual tracking, psychomotor speed, complex attention and mental flexibility. The main
Serpil DEMIRCIi2 aim of this study is to evaluate the validity of the TMT in AD patients.
Sait ULUC! Materials and Method: The study group covers 50 subjects with AD and 50 healthy sub-

jects. The mean age was 73.98 years in AD group and 74.74 years in control group. The mean
scores that were obtained from 8 subscores of the TMT were compared between both groups.
Results: The TMT Time A, Time B, Time A+B, Time B-A, Correction B, Error A and Error B
scores were significantly different between two groups. The estimated cut-off values for Time A,
Time B, Time A+B, and Time B-A are 108 sec, 240 sec, 356 sec, and 112 sec, respectively.
Conclusion: It is known that both parts of TMT are sensitive to progressive cognitive decline.
It is suggested that Part A and B may differentiate demented from normal persons and Part B
may detect early stages of the AD. Our results were in accordance with related literature, and
revealed that the TMT is a valid a psychometric instrument in assessing Turkish AD patients.
Key Words: Alzheimer Disease; Dementia; Neuropsychological Tests.

\ﬁ( ARASTIRMA

iz SURME TESTi: TURK ALZHEIMER TiPi
DEMANS HASTALARI iCiN YORDAYICI
GECERLIK CALISMASI

Oz

Giris: iz Stirme Testi (IST) gérsel iz stirme, psikomotor hiz, karmasik dikkat ve zihinsel esnek-
lik gibi yonetici islevleri dederlendirmede yaygin olarak kullanilan bir testtir. Bu calismanin temel
amaci, IST'nin Alzheimer hastalari (AH) icin gecerligini degerlendirmektir.

Gerec ve Yéntem: Calismaya 50 AH ile 50 saglikli yasl birey denek olarak katilmistir. AH
grubunun yas ortalamasi 73.98, saglikli yash grubunun yas ortalamasi 74.74'dUr. iki grup iST'den
alinan 8 alt puan agisindan karsilastiriimistir.

Bulgular: iki grup, iST A Stire, B Stire, A+B Stire, B-A Stire, B Dtizeltme, A Hata ve B Hata
puanlari acisindan anlamli diizeyde farklidir. A Stire, B Stire, A+B Stire ve B-A Sire alt testleri icin
kesme degerleri sirasiyla 108 sn, 240 sn, 356 sn ve 112 sn olarak belirlenmistir.

Sonug: iST'nin her iki bélimtintin de ilerleyici bilissel gerilemeye duyarli oldugu bilinmekte-
dir. Boldim A ve BéIUm B saglikli yashlari demansli bireylerden ayirdedebilirken; B&lim B, AH'yi er-

Iletisim (Correspondance) ken evrede belirleyebilmektedir. Elde edilen sonuglar ilgili litertiri desteklemis ve 1ST'nin Ttrk
Alzheimer hastalarinin degerlendirilmesinde kullanilabilecek, psikometrik agidan gecerli bir arag
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TRAIL MAKING TEST: PREDICTIVE VALIDITY STUDY ON TURKISH PATIENTS WITH ALZHEIMER DEMENTIA

he Trail Making Test (TMT) (1), have been widely used as
Tan easily and quickly administered neuropsychological
test, either alone as a screening instrument or as part of a larg-
er battery of tests. Originally, it used as part of the Army
Individual Test Battery. Part A of the test is generally
believed to be a test of visual search providing information
about attention, visual scanning and speed of eye-hand coor-
dination, while Part B is considered to assess the cognitive
flexibility with more precision (2). All these processes are of
great significance for an efficient accomplishment of executive
functions (1,2).

Administration and scoring procedures of TMT have
changed over the years. In the original test, each part was ter-
minated after three uncorrected errors and each part received
a score on a ten-point scale depending on the time taken to
complete it. On later administrations of TMT, patients were
allowed to complete the test regardless of the number of errors
and were given a score of zero to performances in which errors
were left uncorrected. In 1955, Reitan proposed a different
application by requiring the examiner to score on time alone.
As noted by Lezak, in Neuropsychological Assessment-third
edition, this method is also criticized that the price for a sim-
plified scoring system might have been paid in diminished
reliability, for the measured amount of time includes the
examiner’s reaction time (in noticing errors) and speed in
pointing them out and the speed with which the patient com-
prehends and makes the correction. This method penalizes for
errors directly but does not control for differences in response
times and correction styles that can conceivably result in sig-
nificant biases in the time scores obtained with different
examiners.

Despite the widespread use of TMT, it follows that there
exist few comprehensive and/or large-scale normative studies
for ages 50 and over. Most published normative data for TM'T
contained subjects with a limited age range, especially age 50
and over (55-74, 75-98 years etc.) (3). Similarly, normative
and/or validation data for elderly people were collected from
time to completion, difference or a ratio scores (Time A, Time
B, B-A, B/A) (3,4). Frequency of errors, while often recorded
and reported clinically, has not been empirically evaluated in
prior TMT normative studies. Some researchers have pointed
out that examiner’s correction of errors adds additional time
to the total score, thus accounting for difficulties reflected in
the number of errors (5).

The challenging nature of the test Part B is expressed with

slow response time . Age and education are two important

factors that have impact on the time to complete the test
(1,4).

In order to remove the effect of velocity component, the
difference between the times required to complete the Part B
and (Time B-A) was used. This score was found to be highly
correlated with mental ability tests and various cognitive dis-
orders (5).

The absolute cut-off values of a test must be estimated to
identify organic brain damage. Davis (6) compared young,
middle-aged and brain-damaged groups of subjects, and sug-
gested that ‘different cutting points were vequired for a young and
Jor a middle-aged group. Without establishing these different cutting
points, normals are more likely to be misclassified as brain-damaged
as age increases’ (p.98).

However, the TMT error rate is difficult to interpret in
isolation, particularly because errors are common among cog-
nitively normal adults. Ruffolo, Guilmette and Willis (7)
observed that 34.7% of control participants committed at
least one error on TMT Part B. In brain-lesion persons (7.e.,
frontal vs. non-frontal) for a cut-off >1 error, a higher positive
predictive factor was shown for a frontal lesion (i.e., high error
rate suggests presence of frontal lesion vs. other lesion) but
poor negative predictive power (i.e., less than 2 errors does not
necessarily implicate a nonfrontal lesion) (5). Several studies
noted that head-injured individuals are more likely to com-
mit errors and less likely to correct them without prompting,
whereas some failed to spot head-injured participants from
controls based on errors (5,7).

Dementia, particularly AD was first emphasized as a
health
Neuropsychological studies of individuals defined as neither

major  public problem 30  years ago.
normal nor demented demonstrate progressive declines in
cognition over time. These are particularly striking in the area
of episodic memory, but other domains appear to be affected
as well (8,9). The finding is consistent with the fact that the
clinical criteria (i.e., NINCDS-ADRDA) for dementia require
impairment in two or more cognitive domains (10). In this
context, the differentiation of early stage AD cognitive
changes from those observed in normal aging is important.
Therefore, neuropsychological tests are important tools
though not enough alone.

In AD, which is characterized by a general decline in cog-
nitive processes, impairment in attentional tasks may be
observed in early stages of the disease. However, some inves-
tigators propose that the problems on attentional tasks might
be related with the memory impairments. Attention is the
first non-memory aspect of cognition that declines in AD

70

TURKISH JOURNAL OF GERIATRICS 2013; 16(1)



iZ SURME TESTI: TURK ALZHEIMER TiPi DEMANS HASTALARI ICIN YORDAYICI GECERLIK CALISMASI

prior to any deficits in language or visuo-spatial abilities.
Attentional deficits might be the underlying problem in
some of the difficulties in activities of daily living (11). For
that reason, in the present study, besides validity testing the
relationship between TMT sub scores and Functional
Activities Questionnaire (FAQ) that measure dependency in
daily life activities was evaluated.

The available literature indicates that various subcompo-
nents of attention may be differentially affected in AD. For
example, there is some evidence that focused attention appear
to be relatively preserved in early stage AD (12). In this sense,
TMT is regarded as an important tool in evaluation of AD
suspected patients since it covers various subcomponents of
attention.

It is known that both parts of TMT are sensitive to pro-
gressive cognitive decline. It is suggested that Part A may dif-
ferentiate demented from normal persons and Part B may
detect early stages of the AD (13). It is shown that TMT Part
B and Stroop Test (interference card) were impaired in more
than 40% in mild AD patients (14). In this study, complex
attention skills were found to be affected more frequently
than other executive functions; however, there was a consider-
able heterogeneity among AD patients in the pattern of exec-
utive dysfunction.

Patients with various dementias at mild, moderate and
severe stages, need more time to complete the given tests as
the disease severity increases; and studies showed a statistical-
ly significant difference among groups. The poor TMT error
performance of patients with AD, supports the hypothesis of
an inhibitory dysfunction. Similarly, it has been shown that
TMT Part B time and error scores are differentiating measures
in clinical assessment of AD patients (15,16).

However, it can be seen in the literature that validity
studies comparing healthy persons and AD patients have usu-
ally analyzed the time to complete the test and error scores,
and neglected the correction scores (16). This may arise from
the practical difficulties in estimation of correction scores. In
the present study, we compared groups for correction scores as
well time and error scores.

Cangoz, Karako¢ and Selekler (17) have evaluated the
standardization and reliability of TMT in normal Turkish
persons aged 50 and over in a previous study. The present
study has mainly three aims: (a) to determine the predictive
validity of TMT in Turkish AD patients. We also evaluated
different kinds of scores (Time A, Time B, Time A+B, Time
B-A, Error A, Error B, Correction A, Correction B) obtained
from TMT which puts our study apart from the previous ones,

(b) to determine the diagnostic accuracy of TMT error and
correction scores in a sample consisting of controls and
patients with AD, (¢) to show the relation between TMT
scores and daily living activities performance measured by
FAQ.

MEeTHOD

Participants

One hundred subjects participated in the study, including 50
persons with mild-moderate AD and 50 healthy controls that
had at least 5 years education. Participants in the AD group
were selected among consecutive patients admitted to
Neurology Department of the Medical School and given the
diagnosis of AD according to NINCDS-ADRA criteria (10).
The mean age of this group was 73.98+7.35 (range 62-89
years) and there were 31 women and 19 men. Healthy con-
trols were selected randomly among those who are working in
state offices or retired ones. These participants were selected
to individually match each AD participant on gender, educa-
tion and hand preference. The mean age of this group was
74.74+7.24 (range 60-86 years) and there were 31 women
and 19 men. Groups were similar in context of mean age ( p
= 0.604).

The inclusion and exclusion criteria for AD are consistent
with the National Institute of Neurological and
Communicative Diseases and Stroke-Alzheimers Disease and
Related Disorders Association (NINCDS-ADRDA) criteria
(10). The severity of dementia was staged according to the
Clinical Dementia Rating (CDR) Scale (18). According to
this scale, scores of 0, 0.5, 1, 2, and 3 represent to no demen-
tia, very mild, mild, moderate, and severe dementia respec-
tively. The other tools used to evaluate cognition, behavior
and functional abilities were Mini Mental State Examination
(MMSE)(19), Geriatric Depression Scale (GDS) (20), Three
Words Three Shapes Test (3W-3S) (21), Functional Activities
Questionnaire (17), and Clock Drawing Test (22). All tests
and/or scales used in this study have already been subjected to
adaptation, norm determination and standardization studies
for Turkish cultural background. Those with a GDS score>14
and FAQ score>9 were excluded as well as those with a diag-
nosis of cerebrovascular disease, Parkinson’s disease, multiple
sclerosis, psychiatric disorder, hypothyroidisms, chronic pul-
monary and renal disease or those taking any psychotropic
drugs. Demographic features and screening test scores of par-

ticipants were given in Table 1.
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Table 1— The Mean and Standard Deviations of Scores Obtained From Screening Tests and Scales

Control (n=50) AD (n=50)

T df p M SD M SD
Age -0.52 98 .60 73.98 7.35 74.74 7.24
MMSE 14.84* 98 .000 27.90 1.37 20.92 3.03
GDS -4.10* 98 .000 5.22 3.09 8.36 4.44
FAQ -9.15* 98 .000 2.54 2.63 7.90 3.20
DT 6.91* 98 .000 3.62 0.53 2.32 1.22
3W-3S Scores Copying 6.32* 98 .000 29.80 0.45 28.26 1.66
Incidental 12.57* 98 .000 26.08 1.97 13.18 6.99
05 min delay 18.32* 98 .000 27.52 0.99 8.10 7.43
15 min delay 20.04* 98 .000 27.22 1.13 6.94 7.07
30 min delay 21.87* 98 .000 26.10 1.57 6.28 6.21
Multiple choice 35.71* 98 .000 27.48 0.76 14.82 2.39
*p<..001.
MATERIALS tions. It contains 30 items that cover orientation, memory,

Trail Making Test (TMT)

Participants were administered the two parts of the TMT.
Part A consisted of encircled numbers from 1 to 25, which
were randomly distributed on a A4 page (21 x 29 cm), while
part B consisted of encircled numbers from 1 to 13 and encir-
cled letters from A to I, which were randomly distributed on
a similar A4 page. Apart from the use of the first 12 letters of
the Turkish alphabet, the Turkish version of the TMT fol-
lowed the original format of the English version. Recently,
Bowie and Harvey (2) have reviewed the administration and
interpretation of the TMT. In a previous study, authors stud-
ied the standardization of TMT in a Turkish sample which
comprised subjects older than 50 years age. According to the
data obtained from that study, validity of the TMT compo-
nents was as follows: Part A time score (Time A) 0.78, Part B
time score (Time B) 0.73. The inter-rater validity was 0.99
for Time A and 0.93 for Time B (23).

Various scoring methods were proposed while assessing the
TMT. The features we used in this study were as follows: 1)
Turkish characters that do not exist in the original form such
as ‘Q’,’G’ and ‘T were added on the work sheet; 2) time to com-
plete the test was not limited; 3) in addition to time scores
number of errors and corrections were also scored. By the way,
we measured 8 sub scores driven by the TMT performance.

Mini Mental State Examination (MMSE)

This test was developed by Folstein et al. in 1975. MMSE is
the most widely used test for scanning general cognitive func-

attention and language. Each correct answer is graded, so the
total score ranges from 0 to 30. Giingen et al. (19) studied it’s
reliability and validity for Turkish society, and found high
sensitivity and specificity (respectively, 0.91 and 0.95) with
high positive and negative predictive values (0.90 and 0.95,
respectively). The inter-rater validity showed a high correla-
tion (7 = 0.99) with a Kappa value of 0.92.

Geriatric Depression Scale (GDS)

This depression scale was developed by Yesavage et al. in
1983, contains 30 questions. Total score ranges between 0
and 30. The score is obtained based on a caregiver interview.
Ertan and Eker (20) have evaluated the validity and reliabili-
ty of this test for Turkish society. Internal consistency was
0.91 and test-retest validity was 0.74.

Functional Activities Questionnaire (FAQ)

This questionnaire was developed by Pfeffer et al. in 1982. It
contains 10 items addressing complex functional daily living
activities. FAQ is administered to one of the family members
or caregivers. Each item is scored between 0 and 3, so the total
score varies between 0 and 30. A score of nine or more in at
least 2 items points to a dependency on functional activities.
Its adaptation and standardization for Turkish sample was
studied by Selekler, Cangtz and Karakog (17).

Three Words-Three Shapes (3W-3S) Test

3W-3S was designed as an easy test for elderly patients that
assess verbal and nonverbal memory within the same modali-
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ty. The test comprised copying, incidental recall, learning
trails to reach criterion, acquisition, delayed recall (5 min, 15,
min, 30 min.), multiple choice recognition for words and
shapes. Standardization of this test for Turkish sample was
studied by Kudiaki and Aslan (21).

Clock Drawing Test (CDT)

CDT is a widely used and easily administered test which is
used for screening for cognitive impairment and dementia as
a measure of spatial dysfunction and neglect. Doing the test
requires verbal understanding, memory and spatially coded
knowledge in addition to constructive skills. This test devel-
oped by Freedman et al. in 1994. CDT can be performed in
different ways and the scoring also varies. The one (4 point
version) used in this study is described elsewhere, and test-
retest correlation coefficient was found to be 0.88 and the
inter-rater validity coefficient was 0.74 (24). Its adaptation
and standardization for Turkish sample was studied by
Cangoz, Karakog and Selekler (22).

PROCEDURE

he examination took place at the Neurology Clinic. We
Tfirst informed all participants about the aims of the study
and the procedure, and asked them to sign a voluntary con-
sent which was approved by the local hospital ethics commit-
tee. Before the examination, we obtained individual demo-
graphic data and a brief medical history for each participant.
Each participant was assessed according to the TMT adminis-
tration procedure and was also given the MMSE, CDR, GDS,
FAQ, CDT and 3W-3S. Performance on the TMT was scored
in terms of time required to successfully complete each part
(A and B), (A+B), (B-A), the number of errors and correc-
tions. Time A and Time B scores were determined by the
tester with the help of a CAGITA C6-503 digital hand
chronometer (in seconds). Time B-A and Time A+B scores
were calculated using Time A and Time B (in seconds). Error
A, Error B, Correction A and Correction B scores were calcu-
lated by the tester upon counting the errors and corrections
during the test procedure (numerical values). Error was
described as false reactions given and corrected by the tester
“with interference by the tester” within the time to complete Part
A and B. Correction was described as false reactions given and
corrected spontaneously by the participant “without any inter-
Jerence by the tester” within the time to complete Part A and B.

Statistical Analysis

For analyses, we used descriptive statistics, z-test and Mann
Whitney-U test. As well, we accomplished receiver operating

characteristic (ROC) analyses for each of the TMT trails as well
as the other indexes produced from the TMT scores. We used
the ROC analyses to determine the sensitivity and specificity
of the TMT scores in distinguishing between the AD and
healthy control groups. We analyzed the relationship of FAQ
scores with TMT time scores with Pearson correlation test; and
the relationship of FAQ scores with the TMT error and cor-
rection scores with Spearman correlation test. For ROC analy-
ses we used Med Calc Statistical Analysis Program and for the
others SPSS 15.0 .

RESULTS

he tests that were used to discriminate between the
Tdemented and healthy subjects showed a statistically sig-
nificant difference between groups. The healthy control group
showed a higher performance in comparison to the AD group
on MMSE (7 = 14.84, p< 0.001), CDT (¢ = 6.91, p < 0.001)
and on all 3W-3S subcomponents that were copying ( 7 =
6.32, p < .000), incidental memory ( 7 = 12.57, p < .000), 5
minute delay recall (5 min delay) (7 = 18.32, p < .000), 15
minute delay recall (15 min delay) (# = 20.04, p < .000), 30
minute delay recall (30 min. delay) (# = 21.87, p < .000) and
multiple choice (7 = 35.71, p < .000). Whereas, AD patients
were recorded to have greater GDS (7 = -4.10, p < .000) and
FAQ scores (¢ = -9.15, p < .000).

Comparison of scores obtained on the TMT showed a sig-
nificant difference between groups (Table 2 and Table 3). AD
patients required more time than controls to complete both
parts of the TMT (Time A (¢ = -4.80, p < .000), Time B ( #
= -7.76, p < .000), Time A+B (z = -8.099, p < .000) and
Time B-A (7 = -6.412, p < .000)). Regarding the number of
errors AD group stood apart from the controls [Error A (U
=519.0, p <.000) and Error B (U =146.5, p < .000)}. Healthy
controls made more spontaneous corrections on Part B (U =
984.0, p < 0.030), whereas healthy group and AD patients
was similar in terms of Correction A (U = 1201.5, p = 0.417)
(Table 4).

According to ROC analysis results, threshold value for
Time A is estimated as 108 seconds. At this level, the test has
a sensitivity of 0.66 and a specificity of 0.80. The positive and
negative predictive values are 0.77 and 0.70, respectively.

Threshold value for Time B was 240 seconds. At this
level, the test had a sensitivity of 0.84 and a specificity of
0.90. The positive and negative predictive values were 0.89
and 0.85, respectively.

TURK GERIATRI DERGISI 2013; 16(1)
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Table 2— Mean and Standard Deviations of TMT Time Scores

Control (n=50) AD (n=50)
T df p M SD M SD
Time A -4.80* 98 .000 88.04 32.54 125.20 44.02
Time B -7.76* 98 .000 178.18 51.52 345.76 143.76
Time A+B -8.09* 98 .000 266.22 75.42 470.96 162.06
Time B-A -6.41* 98 .000 90.14 41.68 220.56 137.65
*p<.001.

We conducted pairwise comparisons among curves to
determine if the difference between AUC were significant
(Hanley & Mc Neil, 1982). A significant difference was found
between the AUC for the Time A and Time B, indicating that
AUC for the Time B was significantly larger than for the
Time B; and so we can deduce that Time B determines AD
patients with a higher specificity and sensitivity than Time A.

The estimated threshold value for (Time A +B) was 356
seconds. At this level, the test had a sensitivity of 0.82 and a
specificity of 0.90. The positive and negative predictive val-
ues were 0.89 and 0.83, respectively.

The estimated threshold value for Time B-A was 112 sec-
onds. At this level, the test had a sensitivity of 0.92 and a
specificity of 0.78. The positive and negative predictive val-
ues were 0.81 and 0.91, respectively.

Table 4 outlines the sensitivity, specificity, positive and
negative predictive values of time scores and Table 5 shows
the number of subjects on True Positive (TP), False Positive
(FP), True Negative (TN), False Negative (FN) areas or vari-
ous threshold values for TMT subscores.

Regarding the relation of FAQ scores with the time to
complete the TMT Part A and B, Time A+B and Time B-A,
we observed no significant correlation in normal healthy
group (N = 50, p > 0.05). However, in AD patients, we found
a statistically significant correlation between FAQ scores and
Time A score (N = 50, » = 0.30, p < 0.05); Time B score (N
=50,7=0.29, p < 0.05) and Time A+B scores (# = 50, r =
0.21, p < 0.05). There were no significant correlation between
FAQ scores and differential time scores (N = 50, p > .05). We
observed that Time A, B and A+B scores increased in parallel
to FAQ scores. There were no significant relationship between
FAQ scores and error and correction frequencies of TMT Part
A and B in both groups (N = 50, p > .05).

DiscussioN

Ithough memory seems the primary affected cognitive
Adomain in AD, various components of attention and exec-
utive functions are also proposed to be involved. From this
point of view, either Part A that is sensitive to simple atten-

Table 3— Results of TMT Correction and Error Scores (Mann Whitney-U test) in AD and Control Groups

N M Total U p
Correction A
Normal-Control 50 49,53 2476,50 1201,50 A1
ATD 50 51,47 2573,50
Correction B
Normal-Control 50 45,18 2259,00 984,00* .03
ATD 50 55,82 2791,00
Error A
Normal-Control 50 35,88 1794,00 519,00** .000
ATD 50 65,12 3256,00
Error B
Normal-Control 50 28,43 1421,50 146,50** .000
ATD 50 72,57 3628,50

**p <.001; *p <.05.
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Table 4— Sensitivity, Specificity, Positive and Negative Predictive Values of Time Scores

Cut-off Value Sensitivity Specificity +LR -LR +PV -PV
Time A

>97 .66 72 2.36 A7 .70 .68
>108* .66 .80 3.30 42 77 .70
>110 .62 .82 3.44 46 .78 .68
Time B

>227 .84 .82 4.67 .20 .82 .84
>240* .84 .90 8.40 18 .89 .85
>241 .82 .90 8.20 .20 .89 .83
Time A+B

>351 .82 .88 6.83 .20 .87 .83
>356* .82 .90 8.20 .20 .89 .83
>363 .80 .90 8.00 22 .89 .82
Time B-A

>111 .92 .76 3.83 AR .79 91
>112* .92 .78 4.18 .10 .81 91
>113 .90 .78 4.09 13 .80 .89

Note. +LR, Positive Likelihood Ratio; -LR, Negative Likelihood Ratio; +PV= Positive predictive value; -PV, Negative predictive value; * cut-off point.

tion or Part B that is sensitive to executive functions such as
sustained attention, set shifting and interference, that are
short, easily administered neuropsychological tests are usable
in the differential diagnosis of AD. With this feature, TMT is
a tool that might be included in the evaluation of attention
and executive functions in AD.

In this study, we analyzed not only the time required to
complete the test but also error and correction scores (frequen-
cies) which is not assessed in previous studies. It is observed
that all components of the TMT on time; namely Time A,
Time B, Time A+B, and Time B-A; differentiates healthy
adults from the AD patients. This finding is consistent with

Table 5— Cut-off Values for TMT Time Scores

Cut-off value TP FP TN FN
Time A

>108 33 10 40 10
Time B

>240 42 5 45 8
Time A+B

>356 41 9 45 5
Time B-A

>112 46 4 39 11

Note. TP, True Positive; FP, False Positive; TN, True Negative; FN, False Negative.

the previous studies (10,13). ROC analyses for Time A and B
revealed that Time B score differentiates AD patients from
healthy controls with a higher specificity and sensitivity. We
observed the same finding for also Time A+B score.

Our findings showed that, TMT error and correction
scores, Error A, Error B and Correction B are useful in identi-
fying AD patients. Our results confirm the previously report-
ed proposals that not only the time scores but also error and
correction scores obtained from the TMT are efficacious in
detecting functional brain disorders. However, the previous
validity studies did not evaluate correction scores (12,14,16).
The originality of our study is that AD patients and healthy
persons were compared for correction scores as well as time
and error scores. Our findings are in line with previous valid-
ity studies that have demonstrated that besides time scores
(Time B superior to Time A), Part A and B error scores (Error
B superior to Error A) are important measures for clinical
diagnosis of AD (14,15).

In conclusion, in this study we looked at the time to com-
plete the test while scoring the TMT and also the number of
the errors and corrections. Our findings support that error
(Error A and B) and correction (Correction B) scores are as sig-
nificant as the TMT time scores (Time A, B, A+B and B-A)
in clinical diagnosis of AD. However, we did not analyze the
error and correction subtypes (perseveration, sequential etc.)
that might be handled in future studies.
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We also estimated specificity, sensitivity and cut-off val-
ues for the time to complete the test. We found all time scores
to have a high specificity and sensitivity in the diagnosis of
AD in the elderly. Our results confirm that Turkish version
of the TMT can be used as a useful tool in assessing attention
and executive functions in Turkish AD patients.

In summary, the present study described TMT scores in a
sample of well-characterized Turkish healthy elderly and AD
patients. , The relationship between FAQ scores and eight
TMT subscores were evaluated as well. Our findings show
that in AD patients TMT (Part A and B) scores were related
with FAQ scores, and an increase in FAQ scores may predict
the increase of time required to complete the TMT (Part A
and B). This finding indicates that this relationship can be
used as a screening tool not only for AD patients but also for
healthy elderly population.
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