£} Routledge

-1 Taylor &Francis Group

The Clinical Neuropsychologist

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ntcn20

Apraxia testing to distinguish early Alzheimer’s
disease from psychiatric causes of cognitive
impairment

Aino Yliranta, Venla-Linnea Karjalainen, Jaakko Nuorva, Riitta Ahmasalo &
Mervi Jehkonen

To cite this article: Aino Yliranta, Venla-Linnea Karjalainen, Jaakko Nuorva, Riitta Ahmasalo
& Mervi Jehkonen (2023): Apraxia testing to distinguish early Alzheimer’s disease

from psychiatric causes of cognitive impairment, The Clinical Neuropsychologist, DOI:
10.1080/13854046.2023.2181223

To link to this article: https://doi.org/10.1080/13854046.2023.2181223

A
© 2023 The Author(s). Published by Informa h View supplementary material (&
UK Limited, trading as Taylor & Francis

Group
ﬁ Published online: 24 Feb 2023. Submit your article to this journal &
) ' A
il Article views: 179 & View related articles (&'

@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ntcn20


https://www.tandfonline.com/action/journalInformation?journalCode=ntcn20
https://www.tandfonline.com/loi/ntcn20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13854046.2023.2181223
https://doi.org/10.1080/13854046.2023.2181223
https://www.tandfonline.com/doi/suppl/10.1080/13854046.2023.2181223
https://www.tandfonline.com/doi/suppl/10.1080/13854046.2023.2181223
https://www.tandfonline.com/action/authorSubmission?journalCode=ntcn20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ntcn20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13854046.2023.2181223
https://www.tandfonline.com/doi/mlt/10.1080/13854046.2023.2181223
http://crossmark.crossref.org/dialog/?doi=10.1080/13854046.2023.2181223&domain=pdf&date_stamp=2023-02-24
http://crossmark.crossref.org/dialog/?doi=10.1080/13854046.2023.2181223&domain=pdf&date_stamp=2023-02-24

]

Routledge

Taylor & Francis Group

THE CLINICAL NEUROPSYCHOLOGIST
https://doi.org/10.1080/13854046.2023.2181223

39a31LN!

3 OPEN ACCESS ) checkforupises

Apraxia testing to distinguish early Alzheimer’s disease
from psychiatric causes of cognitive impairment

Aino Yliranta®® (®, Venla-Linnea Karjalainen® (), Jaakko Nuorva® (®,
Riitta Ahmasalo® and Mervi Jehkonen?

?Faculty of Social Sciences, Tampere University; "Neurology Clinic, Lapland Central Hospital; Central
Finland Health Care District, Jyvdskyld, Finland

ABSTRACT ARTICLE HISTORY
Objective: Mood- and stress-related disorders commonly cause  Received 20 September
attentional and memory impairments in middle-aged individuals. 2022

In memory testing, these impairments can be mistakenly inter- 'géggpted 10 February

preted as symptoms of dementia; thus, more reliable diagnostic Published onli
. - ublished online 13
approaches are needed. The present work defines the discriminant March 2023
accuracy of the Dementia Apraxia Test (DATE) between psychiatric
conditions and early-onset Alzheimer’s disease (AD) on its own and KEYWORDS
in combination with memory tests. Method: The consecutive sample ~ Anxiety; apraxia;
included 50-70-year-old patients referred to dementia investiga- dePr.eSS'oln; diagnostic
tions for recent cognitive and/or affective symptoms. The DATE was ;ﬁ;ﬁéi:‘grﬁﬂ}:zse
administered and scored as a blinded measurement, and a receiver
operating curve analysis was used to define the optimal diagnostic
cut-off score. Results: A total of 24 patients were diagnosed with
probable AD (mean age 61+4) and 23 with a psychiatric condition
(mean age 57+4). The AD patients showed remarkable limb apraxia,
but the psychiatric patients mainly performed at a healthy level on
the DATE. The test showed a total discriminant accuracy of 87%
for a total sum cut-off of 47 (sensitivity 79% and specificity 96%).
The limb subscale alone reached an accuracy of 91% for a cut-off
of 20 (sensitivity 83% and specificity 100%). All memory tests were
diagnostically less accurate, while the combination of the limb praxis
subscale and a verbal episodic memory test suggested a correct
diagnosis in all but one patient. Conclusions: Apraxia testing may
improve the accuracy of differentiation between AD and psychiatric
aetiologies. Its potential in severe and chronic psychiatric conditions
should be examined in the future.

Abbreviations: AD: Alzheimer’s disease; aMCl: amnestic mild cog-
nitive impairment; AUC: area under curve; CSF: cerebrospinal fluid;
DATE: Dementia Apraxia Test; FAB: Frontal Assessment Battery; FTD:
fronto-temporal dementia: GDS: Geriatric Depression Scale; HC:
healthy comparison; MMSE: Mini-Mental State Examination; LM:
Logical Memory subtest; MRI: magnetic resonance imaging; PSY:
psychiatric aetiology; ROC: receiver operating curve; ROCFT: Rey-
Osterrieth Complex Figure Test; TULIA: Test of Upper Limb Apraxia;
WL: Word Lists subtest; WMS: Wechsler Memory Scale
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Introduction

Alzheimer’s disease (AD) is the most common cause of dementia in individuals younger
than 65years of age (Hendriks et al., 2021). One-third to two-thirds of people with
early-onset AD develop an atypical non-amnestic phenotype that is prone to misdiag-
nosis (Graff-Radford et al., 2021; Mendez et al., 2012; Vanhoutte et al., 2017). The atypical
phenotypes debut with language, visuospatial or dysexecutive deficits instead of memory
loss and disorientation (McKhann et al., 2011). Additionally, a parietal phenotype with
prominent limb apraxia has been proposed (Mendez et al., 2018; Ross et al., 1996).

Affective disorders, depression most commonly, can be challenging to distinguish
from mild AD (Brodaty & Connors, 2020; Olivieri et al., 2020; Woolley et al., 2011). This
is because measurable impairments of memory, attention and executive functions
appear in clinical anxiety (Bierman et al., 2005; Perin et al., 2022), depression (Bierman
et al, 2005; Olaya et al., 2017; Rock et al., 2014) and stress-related exhaustion (Grossi
et al, 2015; Nelson et al,, 2021) in middle-aged and older people. Although the mea-
sured impairments are generally mild, late-life clinical anxiety or depression seems to
affect overall cognition and memory more severely than at younger ages (Bora et al.,
2013; Deluca et al., 2005). Depression and other psychiatric conditions are therefore
often misdiagnosed as young-onset dementia (Salem et al., 2012). On the other hand,
affective symptoms are common in early-onset AD patients within the first years of
the disease (Altomari et al., 2022; Ferreira et al., 2018), and depression is an indepen-
dent risk factor of dementia (Cherbuin et al., 2015). Timely and accurate discrimination
between a dementing and a reversible condition is crucial for the individual and for
adequate treatment and prognosis (Brodaty & Connors, 2020; Merckelbach et al.,, 2012;
Voros et al., 2020). Neuropsychological test batteries may not capture the atypical AD
features and should more reliably discriminate between dementia and cognitive impair-
ments caused by affective disorders (Graff-Radford et al., 2021).

‘Apraxia’ refers to the loss of voluntary skilled movement or action due to neural
injury, which is not explained by primary sensory or motor deficits (Cubelli, 2017).
Apraxias are common deficits in AD (Lesourd et al., 2013). The most intensively
studied apraxia type in AD is upper limb apraxia (Lesourd et al., 2013), also called
ideomotor apraxia; it originates from damage to the bilateral parietal and surround-
ing structures (Foster et al., 1986; Giannakopoulos et al., 1998; Johnen, Brandstetter,
et al.,, 2016; Kas et al,, 2011). Little is known about praxis in patients with affective
disorders, but while they may show mild deficits in their gestural skills, frank apraxia
is not expected (Pavlidou et al., 2021). Thus, apraxia could be used to distinguish
between dementia and late-life psychiatric conditions.

The Dementia Apraxia Test (DATE) is a brief screen constructed to detect apraxia
in the limbs and face and to facilitate the differentiation of healthy individuals from
those with mild dementia (Johnen, Frommeyer, et al., 2016). The test has been vali-
dated for samples of AD, the four clinical variants of frontotemporal dementia (FTD)
and Parkinson’s disease (Johnen, Frommeyer, et al., 2016; Johnen et al., 2018; Renftle
et al,, 2022). The DATE has shown good ability in detecting dementia in older indi-
viduals and even higher discriminative accuracy between young-onset AD patients
and age-matched healthy control (HC) participants (Yliranta et al., 2023).

However, comparing AD patients with asymptomatic cognitively intact individuals
does not represent the true clinical environment in which differential diagnosis is
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made and may result in an overestimation of the discriminative accuracy (Chassé &
Fergusson, 2019). The present diagnostic accuracy cohort study aims to define the
DATE's ability to distinguish between two groups of symptomatic patients: early-onset
AD and late-life psychiatric conditions. We hypothesized that (1) the DATE enables
diagnostic differentiation between early-onset AD patients and psychiatric patients
and that (2) the DATE enhances diagnostic accuracy, specifically in cases of atypical
non-amnestic AD presentations and cases with episodic memory impairment due to
psychiatric causes.

Materials and methods

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethical Committee of Oulu University Hospital (19/2019). All participants gave
their informed written consent.

Participants

The patient samples were drawn consecutively from individuals between 50 and
70years of age who were referred to our hospital for neurological investigations due
to insidious cognitive or affective symptoms. Our chief neurologist screened all of
these referrals between August 2019 and January 2022. The symptom duration limit
was set at a maximum of 36 months, and individuals with earlier severe psychiatric
or neurologic diagnoses or a Mini-Mental State Examination (MMSE; Folstein et al.,
1975) score below 19 were screened out. Individuals with excessive alcohol or drug
abuse were also screened out. Previous mild and brief mood disorder episodes and
benign neurologic conditions (such as migraine and transient ischemic attack) were
allowed, and so were the following non-diagnostic imaging findings: minor chronic
traumatic injury, single lacunar lesion, white matter changes Fazekas grade 1 and
small cysts. Lacunar and minor traumatic lesions were considered acceptable as signs
of past silent asymptomatic events clinically and temporally unrelated to the current
insidious condition, as judged by our radiologists and neurologists. Fazekas grade 1
and single lacunae are common incidental findings in middle-aged populations
(Schmidt et al,, 2011; Smith et al.,, 2017) but they are as such insufficient to cause
diagnosable vascular cognitive impairment (Sachdev et al., 2014).

A group of voluntary HC participants of comparable age range and education level
was recruited from the same hospital district. They were normally functioning asymp-
tomatic people without psychiatric or neurologic medical histories. The group consisted
of hospital workers (unfamiliar with neurological investigations), their relatives, acquain-
tances and acquaintances of the relatives.

Procedure

Praxis assessment

The DATE consists of 20 items measuring limb, face, oral and verbal praxis. The test
emphasizes manual and facial imitation tasks for which example stimuli are provided
in Figure 1. Separate sum scores are counted for limb items (limb subscore) and



4 A.YLIRANTA ET AL.

Figure 1. Samples of the imitation items of the Dementia Apraxia Test (Johnen, Frommeyer, et al.,
2016). Reprinted with permission from Dr Andreas Johnen and I0S Press.

face items (face subscore), and these together constitute a total sum score. Each
item is scored from 3 (fluent) to 0 (erroneous), thus, the limb and face subscores
range from 0 to 30 points and the total sum ranges from 0 to 60 points. The test
stimuli and scoring principles are described in detail by Johnen, Frommeyer, et al.
(2016). The DATE has shown good internal consistency and inter-rater agreement
(Johnen, Frommeyer, et al., 2016; Renftle et al., 2022; Yliranta et al., 2023). Johnen,
Frommeyer, et al. (2016) proposed a cut-off score of 45 points to discriminate HC
from older individuals with mild dementia, resulting in 0.91 sensitivity and 0.71
specificity. We previously reported the discriminative accuracy between the
early-onset AD and HC groups described in this work (Yliranta et al.,, 2023). An
optimal cut-off of 49 points showed 0.88 sensitivity and 1.0 specificity, and equal
accuracy was reached with a limb subscore of 22 points (sensitivity 0.92, specific-
ity 1.0).

Experienced neuropsychologists blinded to all referral information and medical
records administered the DATE at the baseline visit. The DATE results were not revealed
to the clinicians who ultimately established the diagnosis.
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Neuropsychological assessment

After the DATE was presented and scored, a comprehensive clinical interview and a
traditional test assessment were conducted. The assessment included three tests for
learning and memory: logical memory (LM) and word lists (WL) from the Finnish
standardised version of the Wechsler Memory Scale, 3rd version (WMS-III; Wechsler,
2007) and the Rey-Osterrieth Complex Figure Test (ROCFT; Osterrieth, 1944). In the
LM subtest, the participants were asked to recall two short passages read aloud. The
WL subtest required the participants to learn 12 words in four trials. In the ROCFT,
the participants copied a complex figure and then drew it from their memory. Each
test included an immediate and 30-min delayed recall condition; WL additionally
included a delayed recognition condition.

The rest of the baseline battery consisted of globally used tests of attention,
working memory, executive function, processing speed, visual and verbal intelligence,
academic skills and specific tasks for visual and language abilities (detailed in
Supplemental Table 1). The HC participants completed a limited set of tests. We
avoided cognitively demanding psychiatric symptom questionnaires and recorded
these symptoms from interviews, referral information, the 15-item Geriatric Depression
Scale (GDS-15; Sheikh & Yesavage, 1986) and the modified Frontal Behaviour Inventory
(FBI-mod; Heidler-Gary & Hillis, 2007; Suhonen et al., 2017) completed by an informant.

Diagnoses

The clinical AD diagnoses were made by neurologists according to the National
Institute on Ageing and Alzheimer’s Association guidelines (McKhann et al., 2011)
based on observed performance decline and supportive evidence from neuropsycho-
logical assessment, imaging and/or biomarker analysis. The diagnostic investigations
included a 1.5T brain magnetic resonance imaging with neurodegenerative sequences,
a comprehensive neuropsychological assessment, a neurological status examination
and an informant interview on daily life functioning. For some patients, cerebrospinal
fluid (CSF) analysis was needed to confirm or exclude the diagnosis of AD, and almost
all patients returned for a follow-up visit after 1 year.

The symptom aetiology was defined as psychiatric (PSY) for patients (a) fulfilling
the diagnostic requirements for a mood disorder, a stress-related or somatoform
disorder (including burnout) or a first-ever psychotic outbreak; (b) showing no diag-
nostic neurologic imaging or status findings and (c) showing a stable or relieved
symptom status at follow-up. Mild unspecific non-focal cerebral atrophy was allowed
in this group. The psychiatric diagnoses were defined according to the International
Classification of Diseases 10th Revision (World Health Organization, 2016). A minority
of the patients had received an adequate psychiatric diagnosis at the referring unit,
and for missing diagnoses, a general hospital psychiatrist was consulted.

Statistics

Group differences in demographic and test data were inspected with the chi-squared
test for sex, one-way analysis of variance or Welch's t test for normally distributed
continuous variables and Kruskal-Wallis or Mann-Whitney U tests for non-normally
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distributed variables. Diagnostic status was set as an independent variable, and demo-
graphic and test variables were set as dependent variables in these comparisons.
Group differences in the DATE scores were analysed with a general linear model
adjusted for age and years of education. For this analysis, group status, age and
education were set as independent variables and the DATE scores as dependent
variables.

A receiver operating characteristic (ROC) analysis was conducted using the DATE
total sum, limb subscore and face subscore as test variables to classify the patients
in the AD (positive state category) or PSY groups (negative state category). DeLong'’s
test was used to investigate which ROC curve (independent variable) resulted in a
larger area under the curve (AUC; dependent variable). ROC was repeated as an
additional analysis between AD and the others (PSY and HC). The results of the ROC
analysis between AD patients and HC participants have been reported elsewhere
(Yliranta et al., 2023).

We inspected the post-hoc diagnostic ability of the seven memory test conditions
(LM immediate, LM delayed, WL immediate, WL delayed, WL recognition, ROCFT
immediate and ROCFT delayed) by counting how many AD patients scored patho-
logically and how many PSY patients scored normally in each test condition. For LM
and WL, the age-corrected scaled score of 8 and above is regarded as normal, 6-7
as mildly impaired and 5 and below as pathological. As there are no local norm values
for ROCFT, it was included in the HC test battery, and the results are reported here.
Scores between —1 and -2 SD below the healthy average were defined as mildly
impaired, and those below -2 SD were pathological.

ROC analysis was not applied to the memory tests because they were part of the
reference standard procedure and they are not meant for dichotomous discrimination.
All analyses were run on R v. 4.0.0 using the following packages: tableone version
0.13.0 (Yoshida & Bartel, 2021), pROC (Robin et al., 2011), cutpointr (Thiele & Hirschfeld,
2021), ggplot2 (Wickham, 2016) and rstatix version 0.7.0 (Kassambar, 2021).

Results
Samples

Our chief neurologist screened out 59 of 177 referrals based on medical records for
reasons detailed in Figure 2. During the investigations, eight more patients were
found to meet the exclusion criteria. In 21 patients, a neurological diagnosis other
than AD was suspected or diagnosed, and 20 patients did not show evidence of
psychiatric or neurologic conditions. Thirteen AD suspects did not show enough
evidence for a reliable diagnosis, one AD patient was at a moderate disease stage
and two were diagnosed with amnestic mild cognitive impairment. Two participants
who presented with a paranoid episode refused follow-up visits; as their conditions
remained unconfirmed, they were excluded. The symptom aetiology could be defined
reliably as AD in 24 patients and as PSY in 23 patients. All individuals were white
native Finnish speakers, one with a bilingual background.

All AD patients were in the mild disease stage in terms of daily functioning;
their cognitive performance was compromised, but they still managed daily



THE CLINICAL NEUROPSYCHOLOGIST (&) 7

Patients ages 50 to 70 referred to the Patients (n = 59) screened out, with reasons:
neurology clinic for cognitive or affective - symptom onset >36 months (14)
symptoms - previous neurological diagnosis (12)
- previous severe psychiatric diagnosis (13)
N=177 - diagnostic MRl finding other than AD-

related atrophies (9)

- alcohol-related medical complications or
excessive current usage (7)

- suspected other neurological disease (4)

Patients assessed with the protocol Patients excluded (n = 71) during the procedure,
n=118 with reasons:

- previous severe psychiatric diagnosis (1)

- diagnostic MRI finding other than dementia-
related atrophies (4)

- alcohol-related medical complications or
excessive current usage (2)

- misuse of medication (1)

- no psychiatric or AD evidence (20)

- suspected other neurological disease (21)

Psych_i’clltric Probable early AD - insufficient evidence to diagnose AD (13)
condition - diagnosed with aMCl (2)
n=23 n=24 - MMSE <19 (1)

- refused or insufficient co-operation (6)

Figure 2. The flow chart of the patient selection. AD: Alzheimer’s disease; aMCl: amnestic mild
cognitive impairment; MMSE: Mini-Mental State Examination; MRI; magnetic resonance imaging.

routines independently. The clinical AD presentation was defined as predominantly
amnestic for eleven patients, visuospatial/posterior for five patients, dysexecutive
for two patients and linguistic for two patients. Four patients showed remarkable
deficits in multiple domains without a clear predominance. Two AD patients
exhibited isolated moderate memory impairment across the three test types
(scaled score 4-5 or approximately SD —2). All others had severe test impairment
(scaled score 1-3 or below SD -2.5) in at least one cognitive domain accompa-
nied by milder defects in other domains. Select deficits, such as amnesia, disori-
entation, visuoperceptual disorder, acalculia, alexia or agraphia, were evident in
19 patients.

The CSF analysis was completed for 18 AD patients. Sixteen patients had abnormal
beta-amyloid,_,, values, and 13 of these had abnormal tau values. Two patients showed
merely abnormal tau but were diagnosed with clinical AD (one with amnestic and one
with posterior variants) after follow-up. Hippocampal or mediotemporal atrophy
(Scheltens score 1-2) was present in all AD patients and was isolated or prominent in
11 patients. Of these 11 patients, eight showed a predominantly amnestic syndrome.
Fifteen patients presented with atrophies in the central, peri-Sylvian, parietal or
fronto-parietal areas.

In the PSY group, two patients presented with mild and seven patients with
moderate depressive episodes, two with non-psychotic severe depression, six with
a persistent mood disorder, four with an adjustment disorder, one with a paranoid
episode and one with a psychogenic aphasic attack. Half of the patients com-
plained of severe work-related burnout, and an equal number reported chronic
behavioural sleep disorders. Five reported primary learning disorders. The CSF
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analysis was ordered for two PSY patients at our clinic and had previously been
completed for one patient in the referring unit. None of the patients showed
pathological values.

The AD, PSY and HC groups did not significantly differ in terms of education or
sex distribution, but the PSY patients were an average of four years younger than
the AD and HC participants (Table 1). The mean symptom duration approached
1.5years in both patient groups. The MMSE scores ranged from 19 to 28 among
the AD patients and from 26 to 30 among the PSY patients, except for one anxious
patient in the latter group, who scored 21. The same patient performed poorly
across a selection of verbal tests, but his cognitive symptoms diminished at follow-up
after his pain medication was changed. The PSY patients obtained better scores
than the AD patients on the Frontal Assessment Battery (FAB; Dubois et al., 2000)
and reported more depressive symptoms on the GDS, but the groups did not differ
in behavioural symptoms, as assessed by informants on the FBI-mod. Descriptive
results of the standard test battery can be found in Supplemental Table 1.

A total of 13 AD patients and 12 PSY patients lost points during the 30-min delay
in the verbal memory tests (a loss of 1-3 scaled scores in the AD group and 1-5
scores in the PSY group). In the ROCFT, five AD patients were not able to draw any-
thing at immediate recall, and 13 AD patients, 7 PSY patients and 10 HC participants
lost material during the delay (retention rate <100%).

The discriminant accuracy of the DATE

The HC and PSY groups obtained significantly better scores than the AD group
on the DATE limb subscore, face subscore and total sum (Table 2). The PSY group

Table 1. Demographic characteristics and selected descriptive scores at baseline.

AD n= 24 PSY n= 23 HC n= 22 Statistic p Post hoc
Age, years 61 (4) 57 (4) 61 (7) F(2, 66)=4.66 .013 AD>PSY*
53-69 50-64 50-69 HC > PSY*
Sex, female:male 15:9 15:8 13:9 X2(2)=0.19 914 -
Education, years 12 (3) 13 (2) 14 (3) F(2, 66)=2.23 116 -
6-17 8-20 6-18
Symptom onset, 18 (8) 16 (10) n.a. t(43)=0.90 374 -
months 6-36 1-36
MMSE (max. 30) 23.0 [21.8, 25.0] 28.0 [27.0, 29.0] 30.0 [29.3, 30.0] H=47.70 .000 PSY>AD***
19-28 21-30 28-30 HC > AD***
HC > PSY**
FAB (max. 18) 13.0 [10.3, 16.0] 17.0 [16.0, 18.0] n.a. U(22, 22)=322.00 <.001 PSY>AD***
5-18 14-18 z=-4.11
GDS-15 2.0 [1.1, 3.0] 5.0 [3.0, 7.5] n.a. U(22, 23)=383.00 .005 PSY>AD**
0-12 1-12 z=-2.81
FBI-mod 45 [3.3, 8.6] 12.5 [5.0, 17.8] n.a. U(18, 12)=244.50 .143 -
0-29 0-35 z=-1.47

AD: Alzheimer’s disease; FAB: Frontal Assessment Battery; FBI-mod: Frontal Behavior Inventory modified; GDS:
Geriatric Depression Scale; HC: healthy comparison; MMSE: Mini-Mental State Examination; n.a.: not available;
PSY: psychiatric aetiology.

Note. Values given as mean (SD) and range for normally distributed variables and median [IQR] and range for
non-normally distributed variables except for sex. Statistical significance levels for post-hoc comparisons:

<.05.

"<.01.

"<.001.
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reached the healthy level on both subscores and all item types, but they scored
lower than HC for the total sum. The smallest differences between the groups
were found for oral and verbal items. The generalised linear model showed that
the group explained most of the variance in total sum (R?=0.62, F(2, 66)=53.98,
p <.001) and limb subscore (R?=0.66, F(2, 66)=63.40, p< .001) but less in face
subscore (R2=0.25, F(2, 66)=11.25, p<.001). Adding age and education did not
improve the model (total sum adjusted R?=0.60; limb subscore adjusted R?=0.65;
face subscore adjusted R?>=0.22).

ROC analysis produced an optimal total sum cut-off of 47 points to discriminate
between AD and PSY. This cut-off correctly classified 19 of 24 AD patients and 22
of 23 PSY patients (sensitivity 0.79, specificity 0.96, total accuracy 0.87, Youden's
J=0.75). The limb subscore showed higher accuracy values with a cut-off of 20
points (sensitivity 0.83, specificity 1.00, total accuracy 0.91, J=0.83), and it correctly
classified 20 of 24 AD patients and all PSY patients. The AUC values for the total
sum and limb subscore (Figure 3) did not significantly differ (Z=1.20, p=.23, 95%
confidence interval [-0.02, 0.07]). Using the face subscore as a classifier resulted
in lower values (optimal cut-off of 26 points: sensitivity 0.78, specificity 0.63, total
accuracy 0.70, J=0.41). All HC participants scored above these cut-offs, and adding
them to the ROC analysis (AD vs. others) improved the diagnostic accuracy
(Supplemental Table 2).

Memory tests and the DATE

The five verbal memory tasks labelled 66-74% of cases correctly as AD or PSY,
and the LM delayed condition achieved the highest precision. For ROCFT, imme-
diate and delayed recall were equally precise (78% vs. 77%). Figure 4 shows each
patient’s score for LM delayed and ROCFT immediate recall on the y-axis and DATE
limb subscores on the x-axis. (Note that the ROCFT score is missing for two AD
patients, as they were not able to copy the figure.) Patients with pathological
memory and praxis are located towards the bottom left, and those with normal
memory and praxis are towards the top right. The grey zone denotes mild memory
impairment that is diagnostically unspecific.

If we had relied on memory scores alone, the diagnostically problematic cases
would be all those with a mild unspecific impairment or a result that would suggest
a false diagnostic label (AD patients with normal memory and PSY patients with
pathological memory). LM alone would have resulted in six patients being diagnos-
tically unspecified and another six given a false label (Figure 4(a)). Adding the limb
cut-off line classified all unspecified patients and four false-label patients correctly
according to their diagnoses, leaving most AD patients on the affected left side and
all PSY patients on the healthy right side. The combination of these two tests resulted
in one case of false-negative AD.

ROCFT alone left five patients and one HC in the unspecific range between -1
and -2 SD, and it falsely labelled five patients and one HC (Figure 4(b)). The limb
cut-off correctly resolved nine of these cases. This test combination resulted in three
cases of false-negative AD.
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Figure 4. (A) Verbal delayed and (b) visual immediate memory performances in relation to limb
praxis. The grey zone denotes mild, diagnostically unspecific memory impairment. The vertical
line denotes the optimal limb subscore cut-off (set at 20.5 for clarity). Both memory tests resulted
in six participants in the undiagnostic grey zone and misdiagnosis of six participants. The praxis
cut-off classified most of these cases correctly. False negative cases are circled; neither of the
tests distinguished these cases as AD. For Logical Memory, n,, =24, n,,=23. For ROCFT, n,,=22,
Npey=23, nyc=22. AD: Alzheimer’s disease; DATE: Dementia Apraxia Test; HC: healthy control; PSY:
psychiatric aetiology; ROCFT: Rey-Osterrieth Complex Figure Test.

Discussion

Our diagnostic accuracy cohort study aimed to assess the diagnostic value of praxis
testing as part of dementia investigations among late middle-aged participants with
cognitive and affective symptoms. The DATE total score or limb scale differentiated
mild AD from psychiatric aetiologies with a total accuracy of 87-91%. A small portion
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of the AD patients showed normal or just mildly impaired memory performances,
and most of them were correctly diagnosed using the limb scale. Importantly, the
limb scale detected the PSY patients whose memory performances were mildly
impaired or pathological. Together with a verbal episodic memory test, the limb scale
correctly classified almost all patients (46/47).

The mean differences in limb praxis between AD participants and other participants
were substantial within 1.5years from symptom onset. The result is logical, considering
the shared areas of neural damage in apraxia and early-stage AD. Current evidence
suggests that the root of praxic functions locates in the inferior and superior aspects
of the parietal lobes and the intraparietal sulci (Caspers et al., 2010; Ishibashi et al.,
2016; Lesourd et al., 2018; Niessen et al., 2014; Reynaud et al.,, 2016). Additional
contributions come from inferior frontal, premotor and supplemental motor areas,
insula and the posterior temporal structures. Temporo-parietal hypometabolism is an
established early biomarker of AD, even in the prodromal phase, irrespective of onset
age (Jacobs et al, 2012; Jagust, 2018). Atrophy patterns and tau burden in the occip-
ital, temporoparietal and frontal cortices that underlie the atypical non-memory phe-
notypes (Graff-Radford et al., 2021; Jagust, 2018; Vanhoutte et al., 2017) overlap widely
with the limb praxis network (Lesourd et al., 2018; Reynaud et al., 2016). Preliminary
evidence locates imaging correlates of apraxia in AD in bilateral parietal structures
Johnen, Brandstetter, et al.,, 2016; Kas et al., 2011).

The participants who eventually were diagnosed with a psychiatric condition did
not exhibit apraxia. This could be expected in the absence of focal neural damage.
Affective disorders, specifically late-life conditions, may be associated with cortical
thinning and functional changes, but the best-known neurobiological alterations are
centred in the prefrontal and orbitofrontal sites, as well as in the limbic system
(Colloby & O'Brien, 2013; Kaltenboeck & Harmer, 2018; Luan Phan, 2015).

The PSY patients mostly reached the healthy performance level on the DATE but,
as a group, gained a few total sum points less than the healthy participants. This
result parallels what Pavlidou et al. (2021) found for depressed young adults, namely
that a majority of them show mild gesturing deficits but not at the level of limb
apraxia in the Test of Upper Limb Apraxia (TULIA; Vanbellingen et al., 2010). The
authors assigned the cause of the mild deficits to working memory dysfunction, as
they found a moderate correlation of TULIA with digit span backwards task but not
with executive functioning, as measured with FAB. We agree that the mild difficulties
shown by PSY patients are secondary to other cognitive factors, but it could be that
it is executive ability more importantly than working memory that affects performance
in DATE. Obervations of apraxia in AD led to a hypothesis that bimanual imitation
essentially depends on visual analysis and executive control to produce complex
hand and finger configurations according to a model (Lesourd et al., 2013). The DATE
emphasizes bimanual limb postures and complex facial imitation, but the stimulus
photograph of each item is kept in sight during the attempt. This diminishes working
memory load as compared to TULIA but increases the visuoperceptual and visuo-
constructive demands. The DATE and bimanual imitations in general correlate with
tests that require visual attention, planning, constructive deduction and action mon-
itoring (such as location matching, complex figure copy and trail making) (Johnen
et al., 2018; Sanin & Benke, 2017; Tian et al., 2019; Yliranta et al., 2023). We suggest
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that mild dysfunction in these aspects is the cause of the loss of a few points in
the PSY group.

Another possible cause is suboptimal test effort (McMillan et al.,, 2009). Effort was
not formally assessed in this work, which is clearly a limitation. Among psychiatric
samples, inadequate effort is most often associated with psychotic and personality
disorders and is not as systematic among depressed individuals (McWhirter et al., 2020),
although the impact of motivation, momentary well-being and experienced difficulty
on test performance in depression has been documented (Gass & Patten, 2020; Moritz
et al, 2022; for a contrasting view, see Hammers & Weisenbach, 2020). An essential
effort-reducing factor is assessment-related anxiety, which tends to compromise verbal
memory and executive control in healthy older adults (Dorenkamp et al., 2021; Williams
et al., 2017). Observations of test behaviour across the present samples suggest better
effort and lower test anxiety in the DATE than in tests of attention and memory. The
latter tests seemed to provoke anticipation of failure in dementia-worried patients, while
none of them expected difficulties in moving their hands or mimicking faces.

Each episodic memory test suggested a correct diagnosis for 66-78% of the patients
across the groups. The accuracy is low, considering that all of the AD patients and
none of the PSY patients showed hippocampal or mediotemporal atrophy. Notably,
the same tests were part of the standard diagnostic procedure, and this likely inflates
the accuracy. Higher discriminant accuracies have been reported between late-onset
mild AD and depression (Coen et al., 1997; Dierckx et al., 2007, 2011), but we could
not find previous data for middle-aged patients. Several factors could explain the
low accuracy: First, the AD sample included non-amnestic phenotypes with relatively
spared episodic memory and hippocampi, reflecting the heterogeneity of early-onset
AD (Graff-Radford et al.,, 2021; Pollet et al., 2021; Vanhoutte et al., 2017). A more
important reason is that several PSY patients failed to perform normally in the epi-
sodic memory tests. This has been observed for young middle-aged and older
depressed people (Douglas et al., 2018; Lanza et al., 2020a; Masse et al., 2021; Moritz
et al., 2022; Sexton et al, 2012). Last, loss of points in delayed memory retrieval is
not specific to AD but appeared often in the PSY and HC groups, too (Butters et al.,
2011; Lanza et al., 2020b).

Limb apraxia and episodic memory disturbance are unrelated impairments although
they commonly co-occur in AD, and that is why they are useful to test in combination.
Meaningless imitation is a task type that does not rely on prior knowledge or expe-
rience, and many praxic actions recruit semantic or working memory systems but not
episodic memory (Bardakan et al., 2022; Baumard et al.,, 2018; Buxbaum, 2017;
Kleineberg et al., 2018; Osiurak et al., 2021). Furthermore, the praxis network is essen-
tially distinct from the prefrontal-mediotemporal circuitry responsible for episodic
memory and its loss in AD (Eichenbaum, 2017; Jagust, 2018).

The face scale barely discriminated between the patient groups, and the PSY
patients performed as well as the healthy participants. Renftle et al. (2022) also noted
the low discriminatory power of the face scale. The original purpose of testing face
praxis with the DATE was to detect FTD (Johnen, Frommeyer, et al., 2016; Johnen
et al, 2018). Late-age psychiatric syndromes considerably resemble the behavioural
variant of FTD in terms of emotional and behavioural changes, and distinguishing
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between the two aetiologies is a challenge (Pressman et al., 2021). Our results put
forward a hypothesis for future studies that the intactness of facial imitation in psy-
chiatric conditions might support resolving this challenge.

Age was not associated with praxis. This may be explained by the narrow age
range in this sample and by the fact that the effect of age may manifest only
after the age of 70 (Baumard et al., 2020). The finding contrasts with observations
that the DATE scores tend to be higher in younger groups (Johnen, Frommeyer,
et al., 2016; Yliranta et al.,, 2023) and that in Parkinson’s disease, increasing age
was associated with weaker limb praxis (Renftle et al., 2022).

Limitations

Our inferences are limited to outpatient populations and to individuals who receive
their first psychiatric diagnosis in late middle-age. We do not know how the most
severely depressed patients with hypomimia (Mergl et al., 2005) would perform for
the face items. The picture of limb apraxia also becomes more complicated towards
the severe end of the psychiatric disease spectrum; gesturing deficits have been
documented in schizophrenia as milder at first episode and more remarkable in
chronic conditions (Stegmayer et al., 2016; Walther et al., 2013). How chronic or
recurring affective and psychotic disorders might alter DATE results remains a clinically
relevant question for future research.

The heterogeneity of psychiatric aetiologies prevents us from generalizing the
results to any single condition. For each patient, only one main diagnosis was selected
and reported here, while several patients experienced comorbid disorders. In addition,
we did not measure or control for symptom levels or insomnia, although they affect
cognitive performance (Bierman et al., 2005; Fortier-Brochu et al., 2012). The sample
included miscellaneous disorders of diverse severity levels, and some were easily
discriminated against from neurologic diseases.

Due to limited diagnostic procedures, there were no imaging data available for
the HC participants, and most PSY patients were not referred for CSF puncture. We
cannot exclude latent disease pathology for their part, as incidental cerebral atrophies
and AD-type CSF abnormalities are not uncommon at this age (Brugulat-Serrat et al.,
2017; Randall et al., 2013). In addition, the HC group is a convenience sample that
may not accurately represent the general population.

Conclusions

The DATE reliably identifies people with AD among middle-aged patients exhibiting
various cognitive and affective symptoms. High accuracy can be reached if it is com-
bined with episodic memory tests, but it seems useful as a stand-alone test.
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