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                         ORIGINAL ARTICLE     

 A Quick Test of Cognitive Speed (AQT): Usefulness in dementia 
evaluations in primary care      

    ANNA S.     KVITTING  1  ,       ANDERS     WIMO  2  ,       MARIA M.     JOHANSSON  3     &         JAN     MARCUSSON  3    

  1 Department of Medical and Health Sciences, Division of Community Medicine, Link ö ping University, Link ö ping, Sweden, 
 2 KI-Alzheimer ’ s Disease Research Center, Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, 
Stockholm, Sweden, and  3  Department of Clinical and Experimental Medicine, Division of Geriatrics, Link ö ping University, 
Link ö ping, Sweden                             

  Abstract 
  Objective.  To validate A Quick Test of Cognitive Speed (AQT) as an instrument in diagnostic dementia evaluations against 
fi nal clinical diagnosis and compare AQT with the Mini-Mental State Examination (MMSE) and Clock Drawing Test 
(CDT) in primary care.  Design.  Primary health care cohort survey.  Setting.  Four primary health care centres and a geriat-
ric memory clinic in Sweden.  Patients . 81 patients (age 65 and above) were included: 52 with cognitive symptoms and 29 
presumed cognitively healthy. None of the patients had a previous documented dementia diagnosis. All patients performed 
MMSE, CDT, and AQT at the primary health care clinic and were referred for extensive neuropsychological testing at a 
memory clinic. AQT was validated against fi nal clinical diagnosis determined by a geriatric specialist and a neuropsy-
chologist.  Main outcome measures . Sensitivity, specifi city, positive predictive value (PPV), negative predictive value (NPV), 
likelihood ratios, correlation data, and receiver operating characteristic (ROC).  Results.  For MMSE, sensitivity and spe-
cifi city was 0.587 and 0.909; CDT 0.261 and 0.879; and AQT 0.783 and 0.667, respectively. For the combination of 
MMSE and CDT, sensitivity and specifi city was 0.696 and 0.788, for MMSE and AQT 0.913 and 0.636. The ROC curve 
for AQT showed an area under curve (AUC) of 0.773.  Conclusion.  Our results suggest AQT is a usable test for dementia 
assessments in primary care. Sensitivity for AQT is superior to CDT, equivalent to MMSE, and comparable to the com-
bination MMSE and CDT. MMSE in combination with AQT improves sensitivity. Because AQT is user-friendly and 
quickly administered, it could be applicable for primary care settings.  

  Key Words:   Alzheimer ’ s disease  ,   dementia  ,   general practice  ,   A Quick Test of Cognitive Speed (AQT)  ,   Clock Drawing Test (CDT)  , 
  Mini-Mental Status Examination (MMSE)  ,   primary care  ,   Sweden   

their family care networks [10]. Good knowledge 
among general practitioners and adequate diagnostic 
tools suited for dementia evaluations in primary care 
is important [10]. 

 The Mini-Mental State Examination (MMSE) is 
the most widely used diagnostic test for dementia, 
but its accuracy has been questioned [11,12]. The 
test results are infl uenced by age, education, and 
 ethnicity [13,14]. The MMSE ’ s diagnostic accuracy 
is improved if MMSE is used in conjunction with the 
Clock Drawing Test (CDT) [9,15]. Both MMSE and 
CDT are limited in their ability to identify patients 
with early dementia and mild cognitive impairment 
(MCI) [12,16]. 

     Introduction 

 The global prevalence of dementia for people 65 
years and older is 5 – 10% and increasing [1]. The 
indirect and direct costs associated with dementia 
patients are substantial [2]. Primary health care plays 
an important role in early detection of cognitive dys-
function [3,4]. However, dementia is frequently 
underestimated and diagnosed late in the disease 
process [5,6]. The recognition of patients with cogni-
tive impairment in primary care is diffi cult [7,8]. 
Objective test measurements have been shown to be 
more reliable than a patient ’ s subjective memory 
complaints [9]. Early detection of dementia may 
facilitate future health care planning for patients and 
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 A Quick Test of Cognitive Speed (AQT) measures 
perception speed and overall cognitive speed [17]. 
Preliminary data indicate that reductions in percep-
tual and cognitive speed precede reductions in cogni-
tive linguistic abilities in mild-to-moderate Alzheimer ’ s 
disease (AD) [18]. Because AQT is user-friendly and 
quickly administered, it may be appropriate for use in 
primary care [19]. Furthermore, the results are 
affected minimally by age (on average 1 second per 
decade) and not at all by gender or education [19]. 
Studies from hospital memory clinics have been prom-
ising, but data from primary care clinics are scarce. 

 The aim of this study was to validate AQT as a 
cognitive instrument in the diagnostic evaluation of 
dementia against fi nal clinical diagnosis and to com-
pare the AQT results with the MMSE and CDT in 
primary care.   

 Material and methods 

 This study was conducted according to provisions of 
the Helsinki Declaration and the Ethical Review Board, 
Link ö ping University, Sweden (DNR M137-07). 
Written informed consent was collected from all study 
participants.  

 Study cohort 

 A total of 81 participants (65 years old or older and 
living at home) were recruited from four primary 
health care centres in Sweden between December 
2007 and May 2009 (Table I). Of these patients, 52 
exhibited possible cognitive impairment and 29 were 
presumed cognitively healthy and visiting primary 
care for some other medical problem. The four pri-
mary care centres served a total of 49 800 people; 11 
200 were 65 years or older. All 81 patients were asked 
to participate in the study during an appointment 
with a general practitioner. One patient declined. The 
dementia evaluation was initiated by the patients, 
their relatives, or staff at the primary care centre. 

Exclusion criteria consisted of cerebral infection, 
brain tumour, ongoing verifi ed psychiatric illness at 
study start, and stroke or head trauma within the last 
four weeks before inclusion. However, patients with 
a previous psychiatric diagnosis but in a clinically 
stable condition (determined by the general practitio-
ner) and unmodifi ed antidepressant medication for 
the last six months were included. The 29 presumed 
cognitively healthy patients were asked to complete a 
short questionnaire regarding self-estimated memory. 
These patients identifi ed themselves as cognitively 
well functioning; the general practitioner agreed with 
their self-assessment. All 81 patients underwent phys-
ical examination by a general practitioner, routine lab 
examinations, and ECG evaluation. The 52 patients 
with cognitive symptoms also had a CT brain scan 
performed as a part of the clinical workup.   

 Instruments 

 All 81 patients performed the MMSE, CDT, and 
AQT during the same appointment with an occupa-
tional therapist in primary care. Completing the tests 
with instructions took on average 30 minutes per 
patient; the time to fi nish the AQT was between 5 
and 10 minutes. AQT measures perception speed in 
three parts (Pearson Education, Inc., TX, USA). 
Parts one and two measure single dimensions (e.g. 
form or colour naming). Part three measures overall 
cognitive speed with dual dimensions (e.g. form and 
colour naming) using 40 visual stimuli [17]. The 
visual stimuli are geometric fi gures  –  circles, squares, 
rectangles, or triangles, coloured red, black, yellow, or 
blue. For the single dimension, the patients are asked 
to name the colour and then the shape as quickly as 
possible. For the dual dimension, the patients are 
asked to name the colour and the form for all con-
secutive 40 fi gures. The AQT score considered here 
consists of the number of seconds it takes to complete 
part three. MMSE assesses orientation in time and 
place, attention, memory (delayed word recall), lan-
guage (various verbal tasks), and visual construction, 
with a maximum score of 30 points. The Clock Draw-
ing Test (CDT) measures visuo-spatial and executive 
function [16]. The patients were instructed to draw 
the face of a clock on a blank piece of paper with all 
the numbers on it and to set the time to 10 past 11. 

 The patients were referred to a university mem-
ory clinic for more extensive testing in a standardized 
order by a neuropsychologist using the memory test 
Alzheimer ’ s Disease Assessment Scale-cognitive 
(ADAS-cog) [20], the letter Verbal Fluency Test 
(VTF) [21], immediate and delayed Story Recall, 
TMT A and B [22], language test (WAISS-III in 
Swedish translation), and examination. In addition, 

 Accurate diagnostic instruments are needed  •
in primary care for dementia.  
 Our data show that A Quick Test of Cogni- •
tive Speed (AQT) is usable for diagnostic 
dementia evaluations in primary care.   
 AQT is equivalent to the Mini-Mental State  •
Examination (MMSE) and superior to the 
Clock Drawing Test (CDT) in diagnosing 
dementia.  
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the patients were examined by a geriatric specialist. 
AQT was validated against the fi nal clinical diagnosis 
(ICD-10) using the results of the neuropsychological 
tests, the lab results, the CT scan, and the consensus 
conclusions provided by the neuropsychologist and 
a geriatric specialist. Two patients from the presumed 
cognitively healthy group were excluded from the 

calculations since the geriatric specialist and the neu-
ropsychologist ’ s evaluation, used as the standard for 
fi nal diagnosis, concluded that a prior unrecognized 
MCI existed (Table II). The fi nal study group from 
which data were analysed therefore consisted of a 
total of 79 patients. The results of the AQT, MMSE, 
and CDT were not accessible during the diagnostic 

  Table I. Descriptive data shown for the total study group (SG) and subcategorized for 
patients with cognitive symptoms (CS) and presumed cognitively healthy patients with other 
medical problems (CH) as primary reason for admission.  

Variable

Cognitive 
symptoms 

(CS, n    �    52)

Cognitively healthy 
study group 
(CH, n    �    29)

Total 
(SG, n    �    81)

p-value 
(CS vs. CH)

Men, n (%) 26 (50) 7 (24) 33 (41) 0.023
Woman, n (%) 26 (50) 22 (76) 48 (59) 0.023
Native language, n (%)

Swedish 48 (92) 29 (100) 77 (95) 0.126
Non-Swedish 4 (8) 0 (0) 4 (5) 0.126

Age, (year) 78.2 �   5.6 75.2 �   5.5 77.2 �   5.7 0.024
Range 66 – 88 65 – 88 65 – 88

Education, (year) 9.9 �   3.7 11.2 �   3.9 10.4 �   3.8 0.135
Range 6 – 16 5 – 16 5 – 16

Duration of cognitive 
symptoms (years)

2.4 �   1.9 0 (0) 1.5 �   1.9 0.001

Range 1 – 9 0 – 0 0 – 9
Medical history, n (%)

Hypertension 33 (63) 16 (55) 49 (60) 0.464
Diabetic disease 7 (13) 1 (3) 8 (10) 0.148
Ischaemic heart disease 15 (29) 6 (21) 21 (26) 0.422
Cerebrovascular disease 6 (12) 0 (0) 6 (7) 0.057
Anxiety 4 (7) 0 4 (5) 0.126
Mild depression 6 (12) 1 (3) 7 (9) 0.214

Medical drugs, n (%)
Anxiolytic 12 (23) 4 (14) 16 (20) 0.314
Antidepressants 21 (40) 5 (17) 26 (32) 0.032
Sleeping drugs 17 (33) 5 (17) 22 (27) 0.134
Antipsychotics 4 (8) 0 (0) 4 (5) 0.126
Antihypertensive 40 (77) 18 (62) 58 (72) 0.155
Lipid lowering drugs 25 (48) 11 (38) 36 (44) 0.378
Salicylic acid (low-dose) 26 (50) 10 (34) 36 (44) 0.178
Warfarin 7 (13) 4 (14) 11 (14) 0.967
Insulin 4 (8) 0 (0) 4 (5) 0.126
Anti-diabetic 3 (6) 1 (3) 4 (5) 0.644

    Data are shown as mean  � / –  1 standard deviation (SD) and range (min – max). P-value analysed by 
chi-square for gender, medical history, and medical drugs, independent t-test used for age, education, 
and duration of cognitive symptoms (CS). Signifi cant p-value    �    0.05.   

  Table II. Data showing fi nal diagnosis, cognitive impairment, and no cognitive impairment, for 
patients with cognitive symptoms and presumed cognitively healthy patients as primary reason 
for admission.  

Variable

Patients 
with cognitive 
symptoms (n)

Patients 
presumed cognitively 

healthy (n)
Total study 
group (n)

After evaluation
Cognitive impairment (n) 46 2 48

After evaluation
No cognitive impairment (n) 6 27 33

Total study group (n) 52 29 81
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procedure; they were used only in the comparative 
analysis.   

 Measurements 

 Data were collected and calculated using the statistical 
program SPSS for Windows 19:0 (SAS Institute, Cary, 
NC, USA). In the descriptive calculations, chi-square 
was used for gender, comorbidity, and medication; 
independent t-test was used for age, education, and the 
test variables (Table I and Table III). For AQT, the dual 
dimension with a time cut-off between cognitively 
healthy and cognitive impairment (standard 70 s) was 
used in the calculations [17]. Results on MMSE    �    26/30 
were considered as cognitive impairment as well as 
every value below a full fi ve points in the CDT accord-
ing to Shulman [23]. Sensitivity, specifi city, predictive 
values, and likelihood ratios were calculated and com-
pared for AQT, MMSE, and CDT as well as for the 
combinations MMSE and CDT, AQT and MMSE, 
AQT and CDT, and the three tests altogether. In the 
combination calculations, one positive result in any of 
the tests was enough to register the combination result 
as positive for cognitive impairment. Correlation data 
between MMSE and AQT were analysed parametri-
cally with Pearson ’ s correlation and non-parametrically 
with Spearman ’ s rank correlation. Using a receiver 
operator characteristic (ROC) curve, the area under 
the curve (AUC) for MMSE, CDT, and AQT was 
analysed and possible cut-off times in AQT and their 
effect on sensitivity were ranked [24].    

 Results 

 Using the criteria defi ned above, 33 of 81 patients 
were diagnosed as having no objective cognitive 
impairment (see Table II and Table III) and 46 
patients received a diagnosis of cognitive impair-
ment: MCI 16 (35%), AD 12 (26%), mixed demen-
tia six (13%), vascular dementia fi ve (11%), Lewy 
bodies dementia one (2%), Parkinson ’ s disease with 
dementia one (2%), dementia of uncertain origin 
two (4%), and three patients (7%) had comorbidity 
with depressive disorder. Two patients from the cog-
nitively healthy group were excluded. Hence, the 
results are based on calculations from the fi nal study 
group of 79 people. 

 Sensitivity and specifi city values were as follows: 
for MMSE, 0.587 and 0.909; for CDT, 0.261 and 
0.879; and for AQT, 0.783 and 0.667. The positive 
predictive value for MMSE was 0.900 (90%), for 
CDT 0.750 (75%), and for AQT 0.766 (77%). The 
negative predictive value for MMSE was 0.612 
(61%), for CDT 0.460 (46%), and for AQT 0.688 
(69%). Sensitivity and specifi city values for the com-
binations of tests were as follows: for MMSE and 
CDT, 0.696 and 0.788; for MMSE and AQT, 0.913 
and 0.636; and for AQT and CDT, 0.783 and 0.576. 
When MMSE, CDT, and AQT were combined, 
 sensitivity was 0.913 and specifi city was 0.545. 

 The positive likelihood ratios were as follows: 
MMSE: 6.45; AQT: 2.35; and CDT: 2.15. The 
 negative likelihood ratios were as follows: MMSE: 
0.45; AQT: 0.33; and CDT: 0.84. 

  Table III. Patient data categorized by fi nal clinical diagnosis: Listed as total study group (SG), 
after exclusion of two individuals, patients with cognitive impairment (CI), and patients with 
no cognitive impairment (NCI).  

Variable

Cognitive 
impairment 
(CI, n    �    46)

No cognitive 
impairment 

(NCI, n    �    33)

Total study 
group 

(SG, n    �    79)
p-value 

(CI vs. NCI)

Men, n (%) 24 (52) 8 (24) 32 (41) 0.013
Woman, n (%) 22 (48) 25 (76) 47 (59) 0.013
Age (year) 80.0 �   5.1 75.2 �   5.5 77.4 �   5.9 0.003

Range 65 – 88 66 – 87 65 – 88
Education (years) 9.7 �   3.6 11.5 �   3.9 10.4 �   3.8 0.037

Range 65 – 88 66 – 87 65 – 88
MMSE (points) 24.9 �   3.7 28.6 �   1.4 26.5 �   3.5 0.001

Range 15 – 30 25 – 30 15 – 30
CDT (points) 4.5 �   1.0 4.9 �   0.4 4.7 �   0.9 0.048

Range 1 – 5 3 – 5 1 – 5
AQT colour (seconds) 40.0 �   13.9 26.2 �   4.5 34.2 �   12.9 0.001

Range 19 – 102 17 – 39 17 – 102
AQT form (seconds) 55.7 �   19.9 36.3 �   15.5 47.6 �   20.5 0.001

Range 26 – 148 26 – 118 26 – 148
AQT colour-form (seconds) 102.9 �   42.6 71.2 �   21.5 89.6 �   38.5 0.001

Range 49 – 223 49 – 138 49 – 223

    Data are shown as mean  �    1 standard deviation (SD) and range (min – max). P-value analysed by 
chi-square for gender, independent Student;s t-test for age, education, and the test variables MMSE, 
CDT, and AQT. Signifi cant p-value    �    0.05.   
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 Analysis of correlation data between MMSE and 
AQT gave a signifi cant negative Pearson ’ s correla-
tion: r    �     � 0.246 (p    �    0.029) and Spearman ’ s rank 
correlation: rs    �     � 0.359 (p    �    0.001). A plot of the 
data suggested a non-linear relation. 

 ROC curve analysis of AQT at cut-off 70 s showed 
an AUC of 0.773, for MMSE of 0.849, and for CDT 
of 0.574 (Figure 1). Plotting coordinates for  sensitivity 
and 1-specifi city visualized the cut-off time of 70 s 
as reasonable, with an optimal cut-off estimated to 
be between 65 and 70 s (Table IV).  

 Discussion 

 Our results show that AQT is a usable test for  diagnostic 
dementia evaluations in primary care. Sensitivity and 

negative predictive values were better for AQT than 
MMSE and CDT. In this study, MMSE had a slightly 
higher likelihood ratio, specifi city, and positive predic-
tive value compared with AQT. The AUC for AQT was 
similar to MMSE and above the recommended level of 
0.7 for cognitive tests overall. AUC values around 0.8 
are regarded as good. Our study confi rms the previous 
recommended cut-off time of 70 s [17]. The range 
between 63 s and 70 s has been regarded as slower 
than normal and    �    70 s atypical; our results are consis-
tent with these fi ndings (unpublished data Palmqvist 
et   al.). There is a signifi cant negative correlation between 
MMSE and AQT, but correlative data are weak and 
the plot of the data suggests a non-linear relation. This 
is probably due to the different cognitive domains 
refl ected in the two tests. MMSE in conjunction with 
CDT is generally recommended for dementia diagnos-
tics performed in primary care [12,15]. Our results 
support a possible new combination  –  MMSE and 
AQT  –  that produces better overall sensitivity and rea-
sonable specifi city. Since the three tests together did not 
achieve an obvious improvement in the overall results, 
we regard AQT as a possible alternative to CDT and 
a complement to MMSE. AQT has previously been 
proven to sensitively screen for patients with AD and 
Lewy bodies dementia in a hospital setting [18,25]. Our 
results show the test to be sensitive to dementia in a 
primary care population as well. AQT requires mini-
mal administration  training, a desirable quality for a 
primary care instrument. There are other tests avail-
able that measure reading time, such as the Stroop 
test, that use inhibition of executive functions [26]. 
AQT was designed to avoid the frontal lobe function, 
as AQT ’ s main purpose is to detect dementia, not to 
subcategorize. Since these are the fi rst AQT data col-
lected in primary care, we have validated only the dual 
dimension to have access to comparable results [25]. 
The relevance of errors in AQT is uncertain and there 
are no current recommendations available with regard 
to error interpretation. Error scores in the Stroop Test 
have been shown to be unrelated to dementia type and 
severity [26]. MCI patients have been shown to have 
impairment in other cognitive domains besides episodic 
memory [27]. The combination of dementia batteries 
with several domains and AQT would be interesting for 
further studies. We do not recommend general demen-
tia screening programmes of the elderly in primary care 
[28 – 30]. The results of the predictive values presented 
here should be interpreted with respect to a population 
with some suspicion of cognitive impairment. 

 The study has several limitations. The sample of 
81 patients is small and there are some population 
differences between the groups. A more even distri-
bution between gender, age, education, and comor-
bidity would have been preferable. There are 
notably a statistically higher proportion of patients 

MMSE
AQT
CDT
Reference Line

  Figure 1.      Receiver operating characteristic (ROC) curve. Null 
hypothesis: true area    �    0.5. Area under curve (AUC): AQT    �    0.773; 
MMSE    �    0.849; and CDT    �    0.574.  

  Table IV. Different AQT cut-off times analysed by receiver 
operating characteristics (ROC).  

Variable Sensitivity 1-Specifi city

60.5 s 0.913 0.697
62.0 s 0.913 0.667
63.5 s 0.870 0.606
64.5 s 0.848 0.515
66.0 s 0.826 0.394
67.5 s 0.826 0.364
69.0 s 0.808 0.333
70.5 s 0.783 0.333
72.0 s 0.761 0.273
74.0 s 0.739 0.242
77.5 s 0.674 0.182

    Data are shown as A Quick Test of Cognitive Speed (AQT); time 
presented in seconds (s) and sensitivity and 1-specifi city as p-values 
at different cut-offs on the ROC curve.   
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on antidepressant medication at inclusion in the 
group with cognitive symptoms compared with 
the group presumed cognitively healthy. However, 
the intention was to realize the study as close to the 
clinical primary care work setting as possible. Con-
sequently, it was diffi cult to extend and regulate the 
inclusion criteria even more without a subsequently 
protracted inclusion time. Two patients from the 
presumed cognitively healthy group were excluded 
from the calculations. A more objective memory 
inclusion test for the patients in the presumed cog-
nitively healthy group might have been one way to 
avoid this. The exclusion criteria may infl uence the 
specifi city of the test and probably contributed to 
the low number of patients with depression as a 
fi nal diagnosis. Patients living in a nursing home 
were not included. This might be part of the expla-
nation for the proportional distribution between 
MCI and dementia as a fi nal diagnosis. A follow-up 
after one year to confi rm the fi nal diagnoses would 
have improved the quality of the study, but the diag-
noses have been set according to standards and a 
thorough investigation by a specialist. The patients 
participated in several tests during the same appoint-
ment. To limit possible bias from fatigue, the 
extended neuropsychological tests were performed 
during another appointment. This methodology 
may lead to inaccurate results if there were any fl uc-
tuations in cognitive capability. However, all the 
tests took place within four weeks, making signifi -
cant deterioration in the cognitive capacity less 
likely. 

 Our data do not answer the question of whether 
AQT can detect cognitive decline over time. To what 
extent AQT can be used to distinguish between 
MCI and patients with a more advanced dementia 
disease, or differentiate between subtypes of demen-
tia and affective disorders, remains to be investi-
gated. Since decline in visual speed processing might 
appear earlier than memory problems in MCI 
patients, AQT can enhance the possibility of accu-
rately diagnosing early dementia. In conclusion, 
AQT seems to be a usable instrument for diagnostic 
evaluation of dementia in a primary care setting. In 
addition, AQT might be able to complement MMSE 
and be an alternative to CDT as a primary  diagnostic 
tool.         
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