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AGE-ADJUSTED NORMATIVE DATA
AND DISCRIMINATIVE VALIDITY OF COGNITIVE TESTS
IN THE UKRAINIAN ADULT PATIENTS
WITH MAJOR DEPRESSIVE DISORDER
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Abstract

Purpose of the study. We aimed: 1) to compare
cognitive functioning in patients with major
depressive disorder (MDD) and healthy controls
(HC) in the Ukrainian adult population by the
results of neuropsychological assessment, that
included Perceived Deficit Questionnaire (PDQ-5),
Rey Auditory Verbal Learning Test (RAVLT),
Trail Making Test Part B (TMT-B), Digit Symbol
Substitution Test (DSST); 2) to obtain age-
adjusted normative data of RAVLT, TMT-B, and
DSST tests; 3) to explore the diagnostic utility of
PDQ-5, RAVLT, TMT-B,and DSST tests to separate
patients with MDD from HC; 4) to provide cutoff
scores of the PDQ-5, RAVLT, TMT-B, and DSST
tests, stratified by age, that discriminate MDD
patients from HC, based on the sensitivity (Se) and
specificity (Sp) of the obtained scores.

Materials and methods. 130 MDD medication-
free patients (according to DSM-5) and 70 HC
were enrolled in the study. Psychopathological
(by Montgomery-Asberg Depression Rating Scale
(MADRS ) and Clinical Global Impression Severity
(CGI-S)) and neuropsychological (by PDQ-5,
RAVLT,TMT-B, DSST ) parameters were analyzed
in all subjects. To assess between-group differences
parametric and non-parametric tests were used
(T-test, Mann-Whitney test, chi-squared test).
Areas under the curve (AUC) of receiver operating
characteristic (ROC ) were calculated to determine
if the results of PDQ-5, RAVLT, TMT-B, and
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Pegepam

Mema docnidxiwcenns. Mu maau na memi: 1) no-
pienamu KozHimuere QYHKULOHYEAHHA NAYLEHMIE
3 gesukum denpecusHum podnadom (BIP ) ma oci6
epynu 30oposozo konmpoaw (I'K) 6 ykpaincovkiil
Kozopmi n1odeil 0opocaozo 6iKY 3a pe3yibmamami
Hellponcuxono02iitHol OUiHKU, AKA 6KI0UALA ONUMY-
B8aNbHUK CYO EKMUBHO020 KOZHIMUBHO20 Oeiyumy
(Perceived Deficit Questionnaire — PDQ-5), mecm
Pea na cayxoee sanam’amosyséarnsa 6epOabHOL
ingopmauyii (Rey Auditory Verbal Learning Test —
RAVLT ), mecm nocaidosHux 3’e0HaHb, vacmuHa B
(Trail Making Test Part B TMT-B), mecm 3ami-
Hu cumeonie yuppamu (Digit Symbol Substitution
Test — DSST); 2) ompumamu HopmMaAMUEHi O0aHi
mecmie RAVLT, TMT-B ma DSST 3 ypaxyeanunam
giky; 3) docaidumu diazHocmuurny YiHHiCMb Mmec-
mis PDQ-5, RAVLT, TMT-B ma DSST 0as 6ido-
Kpemaenns nauyieumis 3 B/IP 6id I'K; 4) ompuma-
mu epaHuuri noka3nuxu mecmie PDQ-5, RAVLT,
TMT-B ma DSST, cmpamugikosari 3a ikom, aKi
3 onmumaavror uwymausicmio (Se) ma cneyuiu-
Hicmto (Sp) eiddinsnu nauienmis i3 B/[P 6i0 I'K.

Mamepianu ma memodu. B 0ocaidxicenns 6yno 3a-
ay4eno 130 nauyienmie 3 B/[P (32i0H0 3 kKpumepiamu
DSM-5), wo He npuiimanru papmaxomepaniio ma
70 ocio I'K. YV ecix yuacHukie 6yau npoaHani3oeaHi
ncuxonamoaoziurni (3a wraaamu denpecii Moum-
2omepi-Acbepe (MADRS) ma 3azanvHOL KJAIHIYHOL
oyinku (CGIS)) ma neilponcuxonoziuni (3a PDQ-5,
RAVLT, TMT-B, DSST ) napamempu. J[ns oyiHkKu
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DSST tests” performance could discriminate MDD
patients from HC. Cutoff scores, which separated
MDD patients from HC with empirical optimal
Se and Sp, were derived from the ROC curves. The
statistical threshold was set at p < 0.05.

Results. Surveyed groups were comparable in
age, gender, and level of education. Besides the
expected statistical difference in MDD patients
and HC on MADRS and CGI-S scores, sufficient
distinction in neuropsychological test performance
was found between the comparison groups. MDD
participants were significantly worse (p < 0,0001)
in subjective (PDQ-5) as well as objective cognitive
functioning (RAVLT subtests, DSST, TMT-B
scores ). Significant differences between MDD and
HC groups, established during objective cognitive
testing, were specific to each age group, despite
the general trend of deterioration of cognitive
performance with age. ROC analysis was used to
examine the utility of PDQ-5, RAVLT, TMT-B, and
DSST tests to discriminate MDD patients from
HC. AUC-ROCs showed that all cognitive measures
included in this study adequately differentiated
between the performance of HC and MDD patients.
We also provided cutoff scores for five age groups in
discriminating MDD patients from HC, based on the
Se and Sp of the prescribed scores. The age ranges for
each group were as follows: Group 1 — 18-24 years;
Group 2 — 25-34 years; Group 3 — 35—44 years;
Group 4 — 45—54 years; Group 5 — 565—-65 years. For
PDQ-5 cutoff scores were: in the whole sample
> 3,5 points (Se 90%, Sp 91% ); Group 1 > 3,5 points
(Se 100%, Sp 83 % ); Group 2 > 3,5 points (Se 93%,
Sp 89% ); Group 3 > 2,5 points (Se 89%, Sp 83% );
Group 4 > 2,5 points (Se 100%, Sp 84% ); Group
5 > 3,0 points (Se 90%, Sp 100% ). For immediate
recall of the RAVLT cutoff scores were: in the
whole sample < 56,5 words (Se 85%, Sp 82% );
Group 1 < 57 words (Se 100%, Sp 73%); Group 2
< 59,5 words (Se 85%, Sp 70%); Group 3 < 59,5
words (Se 91%, Sp 83% ); Group 4 < 57,5 words
(Se 86%, Sp 74%); Group 5 < 53,5 words (Se 94%,
Sp 80% ). For proactive interference of the RAVLT
cutoff scores were: in the whole sample < 6,5
words (Se 66%, Sp 72%); Group 2 < 7,5 words
(Se 83%, Sp 63%); Group 3 < 6,5 words (Se 70%,
Sp 75%); Group 4 < 6,5 words (Se 72%, Sp 74%);
an unsatisfactory quality of the models for groups 1
and 5 did not allow to determine the cutoff scores for
these age groups. For retroactive interference of the
RAVLT cutoff scores were: in the whole sample <
13,5 words (Se 86%, Sp 76% ); Group 2 < 13,5 words
(Se 85%, Sp 89% ); Group 3 < 13,5 words (Se 82%,
Sp 92% ); Group 4 < 13.5 words (Se 82%, Sp 74% );
Group 5 < 12,5 words (Se 94%, Sp 80%); Group 1
had an unsatisfactory quality of the model. For
TMT-B cutoff scores were: in the whole sample
>63s (Se 70%, Sp 68%); Group 1 > 61 s (Se 91%),
Sp 64%); Group 2 > 58,5 s (Se 73%, Sp 60%);
Group 3> 58,05 (Se83%,Sp83%); Group 5 > 71,5 s

Mixcepynosux 6i0MiHHOCMel 6UKOPUCMOBYEALU
napamempuiHi ma Henapamempuini cmamucmuy-
Hi mecmu (T-test, Mann-Whitney test, chi-squared
test ). I1.nowi nid kpusot (AUC ) receiver operating
characteristic (ROC) 6yau po3paxosani, w00 6u-
3HAYUMU, YU MOMYMb pe3yrbmamu mecmié
PDQ-5, RAVLT, TMT-B, DSST duckpuminyeamu
xeopux 3 BJIP 6i0 I'K. 3 ROC kpusux 6ysu 6u3Ha-
YeHl 2PAHUYHL NOKA3HUKU KOZHIMUBHUX mecmis,
w0 3 onmumanvrHoio Se ma Sp 6i0okpem08aIL Na-
yienmie i3 BJIP 6i0 I'K. CmamucmuuHnuil nopiz 6ys
ecmanosnenuil Ha pieni p < 0,05.

Pesynvmamu. I'pynu nopiéusnus 00CmogipHO
He 8i0pi3HAAUCL 3a 8iKOM, cmammio ma pieHeM
oceimu. OKpim owiKyearnoi cmamucmuinoi PidHUyi
mixne epynamu B[P ma I'K 3a 3azanvHumu 6aramu
MADRS ma CGIS, suagnena 3nauyuw,a pisHuya
68 KOZHIMUBHOMY (PYHKUIOHYBAHHL 30 ONUMYBAJLb-
Hukom PDQ-5, a maxox 3a 00’ekmu8HuM Hellpon-
cuxonoziunum mecmysanuam (RAVLT, TMT-B
ma DSST). ITayienmu 3 B/[P y nopiéHaHHI 3 0CO-
o6amu I'K manu 3HauHo 2ipwi pe3yrvmamu mecmy
RAVLT (cybmecmu Ha Hezallhe npuzady8aHHs,
NpoOAKMUBHY Ma pempoaKmueny inmepgepenyir ),
TMT-B ma DSST. Cymmesi gidminnocmi misxic
epynamu BIJP ma I'K, eusagneni nid uwac 6uko-
HAHHA 00 EKMUBHUX KOZHIMUBHUX mecmis,
30epizanucev 05 KOMHOL 8iK080I Kamezopii, He-
36a%xcaNiu HA 3a2aAbHY MeHOeHYil0 nozipulenHnsa
KozHiMuUBHUX nokasHukie 3 gikom. ROC-ananis 6ys
suKopucmanuil 0nsa 6uueHHs 0iazHOCMUYHOL UiH-
nocmi mecmie PDQ-5, RAVLT, TMT-B, DSST 0aa
pospisnenus nauyiecumie 3 B[P 6id0 I'K. AUC-ROCs
npodemMoHCmpPY8anl, U0 8Ci KOZHIMUBHI mecmu,
g8KI0UeHi Y ue 00CcniONceHH, MAAU BIOMIHHY ab60
Oysce zapHy abo zapHy akicmb moldeni Oas 6i0-
mesxcyeanns nayienmie 3 B[P 6i0 I'K. Takoxc 6yau
ompumaHi zpaHuiHi pesyavmamu mecmie PDQ-5,
RAVLT, TMT-B, DSST 3 onmumaivHumMu 3Ha-
yenHamu Se ma Sp 0 duckpumiHayii xeopux
3 BIIP 6i0 'K y n’amu 8ikosux zpynax. Bixosi
diana3onu 0as KOXCHOL epynu OYyau HACMYNHUMU:
1 2pyna — 1824 poru; 2 epyna — 25—34 poku;
3 epyna — 35—44 poxu; 4 epyna — 45—54 poxu; 5 zpy-
na — 55— 65 poxis. I'panuyni noxkasnuxu oas PDQ-5
6yau: y eciii eubipui > 3,5 6aznie (Se 90%, Sp 91% );
1 2pyni > 3,5 6anie (Se 100%, Sp 83% ); 2 epyni
> 3,5 6anie (Se 93%, Sp 89% ); 3 epyni > 2,5 6anis
(Se 89%, Sp 83% ); 4 epyni > 2,5 6axnie (Se 100%,
Sp 84% ); 5 epyni > 3,0 6axis (Se 90%, Sp 100% ).
I'panuuni nokasnurku 0as cybmecmy RAVLT
Ha HezallHe npuzadyearnHs: Yy 6cill 6ubipuyi
< 56,5 caie (Se 85%, Sp 82%); 1 zpyni < 57 cais
(Se 100%, Sp 73%); 2 epyni < 59,5 cais (Se 85%,
Sp 70%); 3 epyni < 59,5 caie (Se 91%, Sp 83% );
4 zpyni <575 caie (Se 86%, Sp 74% ); 5 epyni < 53,5 cais
(Se 94%, Sp 80% ). 'panuuni noka3Huku 0as
cyomecmy RAVLT na npoaxmueny inmepge-
penuyirn: y eciit 6ubipyi < 6,5 caie (Se 66%, Sp 72%);
2 epyni < 7,5 caie (Se 83%, Sp 63%); 3 epyni
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(Se 90%, Sp 80% ); Group 4 had an unsatisfactory
quality of the model. For DSST cutoff scores
were: in the whole sample < 58.5 points (Se 74%,
Sp 63% ); Group 2 < 59,5 points (Se 71%, Sp 67% );
Group 3 < 60,5 points (Se 78%, Sp 83% ); Group 4
< 53,5 points (Se 68%, Sp 72% ); groups 1 and 5 had
an unsatisfactory quality of the model.

Conclusions. Patients with an active episode
of MDD demonstrate as subjective as objective
cognitiveimpairments ascompared to HC.Cognitive
dysfunctionintheUkrainiancohortof MDDpatients
is characterized by mild impairments in working
memory,; moderate impairments in alternating
attention; and moderate impairments in executive
functioning. PDQ-5 and neuropsychological tests,
such as RAVLT (subtests for immediate recall,
proactive and retroactive interference), TMT-B,
and DSST show from excellent to good diagnostic
value for separating patients with MDD from HC.
PDQ-5, RAVLT, TMT-B, and DSST and obtained
age-adjusted cutoffs of those tests could be used by
cliniciansin everyday practice as a method to secure
a more valid assessment of cognitive function in
MDD patients.

Keywords:  Major  depressive  disorder;
cognitions; PDQ-5; RAVLT; DSST; TMT-B.

< 6,5 caig (Se 70%, Sp 75%); 4 epyni < 6,5 caie
(Se 72%, Sp 74%); nezadosiavHa axicmb modeneil
onsepyn 1 ma 5 He 00380AUNA BUSHALUMU ZPAHUYHI
NOKA3HUKU BUKOHAHHA cyOmecmy 015 YUX 6iK0BUX
epyn. I'panuyni nokasnuxku 0as cyobmecmy RAVLT
Ha npoaxkmueéHy iHmepgepenuyio: y 6ciit 6udipyi
< 18,5 caise (Se 86%, Sp 76%); 2 zpyni < 13,5 caie
(Se85%,Sp89% ); 3 zpyni <13,5 caie (Se 82%,Sp 92% );
4 2pyni < 13,5 caie (Se 82%, Sp 74% ); 5 epyni
< 12,5 cnie (Se 94%, Sp 80%); 1 epyna mana Hesa-
0osinbHy axicmsb modeni. 'paHu4Hi NOKA3HUKU 014
TMT-B: y aciii aubipui > 63 ¢ (Se 70%, Sp 68% ); 1 zpyni
>61c (Se91%, Sp 64%); 2 epyni > 58,5 ¢ (Se 73%,
Sp 60%); 3 epyni > 58,0 ¢ (Se 83%, Sp 83% ); 5 epy-
ni> 71,5 c (Se 90%, Sp 80%); 4 epyna manra Hes3a-
0osinbHy axicmsb modeni. [paHu4Hi NOKA3HUKU 01
DSST: y sciit subipyi < 58,5 (Se 74%, Sp 63%);
2 epyni < 59,5 (Se 71%, Sp 67%); 3 epyni <60,5
(Se 78%, Sp 83% ); 4 epyni <53,5 (Se 68%, Sp 72% );
epynu 1 i5 manu He3a008inbHY sKicmb Mmodeli.

Bucnoeox. Ilauiecumu 3 aKmu8HUM eni3odom
BJ[P 6 nopienanui 3 I'K matomv sk cy6’ €eKmueHi,
mak i 06’eKkmuBHi KozHimueHi nopyuleHns. KozHi-
mueHa OUCPYHKUIA 8 YKPATHCLKIIL Ko2zopmi X80pUX
Ha BJ[P xapakxmepusdyemovcsa JezKUMU NOPYULEH-
HAMU po0040l nam’smi; NOMIPHUMU NOPYULEHHAMU
yeazu; ma nOMipHUMU NOPYULEHHAMU BUKOHAEUUX
@yukuyiii. OnumyeseaavHukx PDQ-5 ma Hellponcuxo-
n02iyni mecmu, maxi sk RAVLT (cy6bmecmu Ha He-
2aiiHe npuzady8arHs, NPOAKMUBHY MaA DempoaK-
mueny inmepgepenuyii ), TMT-B ma DSST maromuo
8i0 8i0MiHHOI 00 zapHOi diazHOCMUYHY UiHHiCMb
oas gidokpemaenns nayienmis 3 B[P 6id I'K. Tec-
mu PDQ-5, RAVLT, TMT-B ma DSST ma ompuma-
Hi 3 Ypaxy8aHHAM BIKY 2PDAHUYHL NOKA3HUKU UYUX
mecmi6 moxcymuv Oymu 6UKOPUCMAHI KAiHiyucma-
MU Y noscakleHHill npakmuyi sk memod, wo 3a-
b6esneuye 6inbl 00CMOBIPHY OUIHKY KOZHIMUBHUX
@ynruiit y nayienmis iz B[ P.

Knwouwosi cnosa: seauxuil denpecusHuil pos-
na0; koeHimueHi pynkuii; PDQ-5; RAVLT; DSST;
TMT-B.

INTRODUCTION

Major Depressive Disorder (MDD) is one of the
most important theoretical and applied problems
of modern psychiatry, given its prevalence and
socioeconomic implications [1]. MDD ranks
second in the structure of mental disorders, and
the socioeconomic burden caused by it is largely
related to the loss or decline in productivity of
affected individuals [2, 3]. The need to restore the
functioning of patients with MDD in the workplace,
society, and family encourages the search for factors
that negatively affect it. Among them, cognitive
dysfunction occupies a prominent place, which,
along with affective and somatic symptoms, is a
structural part of the clinical picture of MDD [4].

6

Cognitive dysfunction in affective disorders hasn’t
been studied much until the last two decades, although
cognitive impairments are widespread in patients with
MDD. They are found in 94% of patients with an acute
depressive episode (DE) and 44% of patients with
symptomatic remission [5]. It is proved that cognitive
impairments directly affect the work productivity and
social functioning of patients and impede functional
recovery [6, 7, 8, 9]. Nevertheless, only 38% of
psychiatrists in their daily practice use cognitive
instruments to screen patients; of these, only 3%
were actually appropriate for use in MDD [10].
Therefore, there is a need for a standardized
method for evaluating cognitive dysfunction.

It is now known that from clinical and
phenomenological points of view, cognitive
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deficits in MDD are mainly manifested in the
domains of memory [K. Hinkelmann et al., 2012],
executive functions, attention and psychomotor
speed [12, 13, 14]. At the same time, there is
ample evidence of the cultural specificity of
neuropsychological disorders, which is found in
ongoing research in different countries [15-19].
Studies of the specifics of cognitive impairment
in MDD in the Ukrainian patient population are
absent.

An applied task is the validation of diagnostic
tools for cognitive dysfunction of the Western
neuropsychology (Perceived Deficit Questionnaire —
PDQ-5,Rey Auditory Verbal Learning Test RAVLT,
Trail Making Test Part B TMT-B, Digit Symbol
Substitution Test DSST) in the Ukrainian cohort
of patients with MDD to objectify cognitive deficit.
Solving this problem will significantly improve the
diagnosis of cognitive deficits in persons with MDD
in the daily practice of Ukrainian psychiatrists.

Taking into account the considerations outlined
above, the objectives of our study were: 1) to
compare cognitive functioning in MDD patients
and healthy controls in the Ukrainian population
by the results of PDQ-5, RAVLT, TMT-B, and
DSST; 2) to obtain age-adjusted normative data
of RAVLT, TMT-B, and DSST tests for adults;
3) to explore the diagnostic utility of these tests to
separate patients with MDD from HC; 4) to provide
cutoff scores of the tests, stratified by age, that
discriminate cognitively HC from MDD patients,
based on the sensitivity and specificity of the
obtained scores.

MATERIALS AND METHODS

Study design. This was a case-control study,
which included 205 participants aged 18 to
65 years. Outpatients (n = 130) with MDD
diagnosis according to DSM-5 criteria [20] were
recruited through Zaporizhzhia Regional Clinical
Psychiatric Hospital, Ukraine. Eligibility criteria
for the study participants were described elsewhere
[21]. Before entering the study, all patients had
received no actual antidepressant medication.
Subjects were excluded if they had any other
psychiatric diagnosis, high suicidal risk, substance
dependence/abuse over the past year, significant
neurological disorders, head trauma, unstable
medical conditions, history of endocrine diseases,
psychotic symptoms, the risk for the hypomanic
switch [21]. Seventy-five healthy controls (HC)
with no current psychiatric disorder were enrolled
within the same period that the MDD patients
were included. HC were excluded based on the use
of medications and/or illicit drugs; the intake of
alcohol within 48 hours of the study visit; and the
presence of an unstable medical condition, which
could affect cognitive function [21].

The study was approved by the local ethics

committee and performed following the ethical
standards laid down in the 1964 Declaration of
Helsinki and its later amendments and registered
at  ClinicalTrials.gov  (NCT03187093). All
participants gave written informed consent after
study procedures were explained and before
participation.

Clinical Assessments. Depression severity was
evaluated using Montgomery-Asberg Depression
Rating Scale (MADRS) [22] and Clinical Global
Impression Severity (CGI-S) scale [23]. Assessment
of the severity of depression according to
MADRS was as follows: 0—-11 points — no
depression, 12—-23 points — mild depression,
24—34 points —moderate depression, 35—60 points —
severe depression [22]. An integrative assessment
of the severity of the patien’s condition was done
using a subscale “Severity” of the CGI [23]. CGI-S
score is based on the general clinical experience
of a physician regarding a specific population of
patients. The severity of the patient’s condition
over the past seven days on the CGI-S subscale was
graded as follows: 1 — normal; 2 — borderline
mentally ill; 3 — mildly ill; 4 — moderately ill;
5 — markedly ill; 6 — severely ill; 7 — among the
most extremely ill patients.

Neuropsychological Assessments. Patients’
subjective cognitive functioning was assessed using
the Ukrainian version of PDQ-5, a validated 5-item
self-report scale measuring perceived difficulties
in executive functioning, concentration, and
memory, ranging from 0 to 4 (table 1) [24]. The
questionnaire estimates subjective symptoms
over the past week and its total score ranges from
0 to 20, with higher scores reflecting greater
severity.

The objective neuropsychological investigation
included several tests that proved their validity
concerning quantitative and qualitative
parameters of cognitive deficits in patients with
MDD: RAVLT; TMT-B; and DSST [8, 25, 26]. The
tests were administered using paper and pencil.

RAVLT is used to analyze verbal learning
and memory, including immediate memory,
retroactive and proactive interference effects,
and encoding versus retrieval. In our study, we
administered Ukrainian translation of the World
Health Organization/University of California
Los Angeles version of the RAVLT (table 2) [27].
The test consists of two lists (A and B), containing
15 words each. All test words were selected from
five categories and included three examples for
a separate category. The words of List A are read
with a one-second interval between words for
five consecutive trials, each trial is followed by
a free-recall. The total number of words across
the five trials is defined as an immediate recall.
On completion of Trial 5, an interference list of
15 new words (List B) is presented, followed by
a free-recall test of that list — to assess proactive

7
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interference. Immediately after this, delayed recall
of the List A is tested without further presentation
of the words — to assess retroactive interference.
After a 30-minute delay period, the examinee is
again required to recall the words from List A —

to evaluate delayed recall. Finally, a list with 30
words is presented, which includes those from List
A and 15 new items, and the person has to identify
the words from List A — to assess recognition.

Table 1
Ukrainian version of Perceived Deficit Questionnaire 5 (PDQ-5)
>
5 E’ é é é s & g 5
How often in the last 7 days... 3 '% i El ﬁ é "§ i &
4 S ET|eA |57
S| @2 =
You had difficulty planning things? 0 1 2 3 4
Was it difficult for you to concentrate on what you were reading? 0 1 2 3 4
You forgot what number it was today until you checked it out? 0 1 2 3 4
After talking on the phone, you forgot what you were talking about? 0 1 2 3 4
You suddenly notice that you don't think about anything? 0 1 2 3 4
Table 2
Ukrainian translation of RAVLT
List A List B List of words for recognition
Shoulder Boot Mirror Lose
Cat Monkey Ax Tree
Ax Bowl Than Shoulder
Bed Cow Candle Nose
Plane Finger Motorcycle Sun
Ear Dress Hammer Truck
Dog Spider Watch Eye
Hammer Cup Chair Fish
Chair Bee Plane Ear
Auto Leg Turtle Bike
Eye Hat Horse Snake
Horse Hat Leg Bench
Than Kettle dog Bus
Watch Mouse Table Bed
Bike Hand Cat Auto
TMT-B allows detecting violations interpretation of the test, the patient’s age is not

information processing speed, switching attention,
and executive functions [25]. To perform the test,
a patient is provided with a drawing with circles
with inscribed numbers from 1 to 12 and letters
of the alphabet from A to L (fig. 1a). The TMT-B
requires to connect alternately numbers and
letters in ascending order (1 A, 2B...12L). During
the test, the researcher immediately points out
errors, and the participant needs to correct them
before proceeding. The faster the test is passed, the
better. Criteria for assessing the performance of
the test are as follows: 0-60 s — excellent; 61— 72 s —
normal; 73-105 s — violation of moderate severity;
> 106 s — severe cognitive impairment [28]. In this

8

taken into account.

The DSST test was used to assess executive
functions, information processing speed, memory,
concentration, and switching attention. During the
test, the participant has to copy in the spaces below
the lines of numbers the characters that correspond
to each digit according to the key located at the top
of the page (fig. 1b) [25]. The overall score is the
number of correct characters over 90 seconds.

Statistical analyses. Statistical analyses were
carried out using SPSS Statistics (IBM) v.20.0. The
results were presented as median (interquartile
range)or means (SDs)or percentages. Thestatistical
significance of between-group comparisons was
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determined using nonparametric and parametric
criteria when appropriate (Mann-Whitney test,
chi-squared test, T-test). Thereafter, the receiver
operating characteristic (ROC) analysis was
performed to build ROC curves for cognitive tests
to determine their diagnostic value to discriminate
patients with MDD from HC. A ROC-curve shows
the level of sensitivity and specificity for each
possible threshold value and allows to display
the dependence of the number of truly positive
results from false positives. The areas under
the curves (AUC), their standard errors, and the
95% confidence intervals for each cognitive test
were calculated. The larger the area between the

‘ Trail Making Test Part B ]

Full

®

curves, the higher the sensitivity and specificity of
the test, i.e. it is more accurate. In an ideal test,
the curve passes through the upper left or lower
right corner, indicating that the proportion of true
positive test results is approaching 100% . AUC
is used to quantify the clinical significance of the
test. The quality of the test can be judged on an
expert scale for AUC values: 0,9—-1,0 — excellent
quality of the model; 0,8—-0,9 — very good quality;
0,7-0,8 — good quality; 0,6—0,7 — average quality;
0,5-0,6 — unsatisfactory quality. Cutoff scores
with empirical optimal sensitivity and specificity
were derived from the ROC curves. The statistical
threshold was set at p < 0,05.

Figure | 1 2| [s] [4] [s 5Tn-talmr\e
05 00 o 5 0 HH 8 E EE T
Sample to fill
@ @ 2 o afs|e]afalala|s]ala|ala|s|s]|2]a|afals|aflala]a
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Figure 1. Ukrainian variants of TMT-B (a) and DSST (b) tests

RESULTS AND DISCUSSION

Table 1 demonstrates the main demographic and
neuropsychological characteristics of MDD and HC
groups. Surveyed cohorts were comparable in age,
gender, and level of education. The mean years
of education in MDD patients and HC was about
15 years. The severity of depression (according
to MADRS and CGI-S) was significantly more
prominent in MDD patients than in HC.

Besides the expected statistical difference
in MDD patients and HC on MADRS and CGIS
total scores, a significant distinction in cognitive
functioning was found when assessed subjectively
(PDQ-5)aswell asobjectively by neuropsychological
testing (RAVLT, TMT-B, and DSST) (table 3).
Significant differences were obtained between
the comparison groups when examining different
aspects of memory using the RAVLT test. It was
found that MDD patients performed significantly

worse on subtests for immediate recall, proactive
and retroactive interference, which indicated
the presence of memory problems. In terms of
severity, these violations were mild according to
the metanorms of the test [29]. At the same time,
the indicators of long-term memory (delayed recall
and delayed recognition of verbal information)
in the MDD group were normal according to
Schmidt et al., although lower than in the HC [29].
Thus, the dysmnestic syndrome in patients with
MDD was characterized by mild impairments of
working memory while maintaining its long-term
performance. These violations were also confirmed
by subjective patients” assessment of the presence of
cognitive symptoms (subscales “forget the current
date” and “forget the phone call conversation” of
PDQ-5). Our results on verbal memory have some
discrepancies with the meta-analytical data of
Ahern et al., who also did not find impairments
in delayed recognition of verbal information in

9
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patients with MDD, but showed only a tendency to
small disturbances in immediate recall and minor

study, patients also significantly differed from
healthy individuals in this indicator, but their

significant disturbances in delayed recall (in our

results corresponded to the normative data) [30].

Table 3
Demographic and clinical characteristics of comparison groups
MDD HC
n=130 | n=75 P
Demographic characteristics
Women, n (%) 88(68,3) | 44(56,3) 0,19*
Age, years* 38,7(11,9) | 37,5(12,1) 0,47
Education, years* 14,6 (2,0) 15,0 (1,6) 0,10
Clinical assessments
Mood symptoms
MADRS total score (0—60) 28 (22—-33) | 3(0—5) [ <0,0001°
CGIL-S score 4 (4-5) 1(1-1) |<0,0001°
Patient-reported cognitive symptoms
PDQ-5 total score (0—20) 8 (5—11) 1(0—2) <0,0001¢
MADRS «concentration difficulties» (0—6) 4 (3—4) 0(0-1) <0,0001°
PDQ-5 «have trouble getting things organized» (0—4) 2(1-3) 0(0-1) <0,0001°
PDQ-5 «have trouble concentrating on what you were reading» (0—4) 2(1-3) 0(0-1) <0,0001¢
PDQ-5 «forget the date unless you looked it up» (0—4) 2(1-3) 0(0-1) | <0,0001°
PDQ-5 «forget what you talked about after a telephone conversation» (0—4) 1(0—2) 0(0—-0) <0,0001°
PDQ-5 «fell like your mind went totally blank» (0—4) 0(0—2) 0 (0—0) <0,0001°
Performance-based cognition
RAVLT immediate recall total score, number of words (0—75) 49 (44—55) | 63 (58—68) | <0,0001°
RAVLT proactive interference score, number of words (0—15) 6 (5—17) 8 (6—9) <0,0001¢
RAVLT retroactive interference score, number of words (0—15) 11(9-13) | 15(14—15) | <0,0001°
RAVLT delayed recall score, number of words (0—15) 11(9-13) | 15(18—15) | <0,0001°
RAVLT delayed recognition score, number of words (0—15) 15 (14—15) | 15 (15—15) | <0,0001°
TMT-B, number of seconds 74 (60—90) | 58 (43—68) [ <0,0001°
DSST, number of correct symbols 51 (43—59) | 62 (54—68) | <0,0001°

Note: data are presented as median (upper-lower quartile) unless otherwise stated; * data are presented as means

(SD); a Chi-square test; b T-test for independent samples; ¢ Mann—W hitney U—test

The TMT-B test was used to assess alternating
attention. The test revealed significant differences
between groups of patients and healthy individuals.
It was found that the average time spent on the test
wassignificantly higherin the group of patients with
MDD compared with HC (table 3). According to the
normative data of the authors of the test, attention
disorders in patients with MDD were on average
moderate in severity, while HC performed tasks at
an excellent level [28]. Impairments in attention in
patients with current DE were assessed on average
as moderate by the researcher (the MADRS item
«concentration difficulties»), as well as by the
patients themselves (relevant item of PDQ-5).
Similar cognitive impairments on the TMT-B test
were found in a general cohort of patients with MDD

10

in recent studies and two meta-analyses, as well as
in the elderly with MDD [12, 30, 31, 32, 33, 34].

The DSST test was used to objectively assess
executive functions. The results of its completion
in the comparison groups had statistically
significant differences. Thus, patients with MDD
reproduced significantly fewer symbols in the
allotted period than those examined with HC.
The degree of executive dysfunction in patients
with MDD was on average moderate according
to current standards [35] in contrast to healthy
individuals, who have no executive dysfunction.
This generally correlated with patients™ subjective
perceptions of their performance violations (PDQ-
5 option). The mean DSST score in patients with
MDD in our study (51) was similar to that reported
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in Chinese (50,7) and Japanese patients with MDD
(54,3) before starting antidepressant therapy, but
higher than in comparable populations in the US
and Europe (42.0 in the FOCUS study and 43,1 in
the CONNECT study) [18, 19, 36, 37]. This may
partially reflect cultural differences between
different geographical populations.

Separately, it should be noted that significant
differences between the MDD group and HC, found

during the performance of objective cognitive tests,
were maintained for each age category, despite
the general trend of deterioration of cognitive
performance with age (table 4). It is important to
emphasize that in our study the HC performed all
RAVLT subtests with better results than proposed
metanorms by Schmidt [29]. This pattern was also
observed in all age groups HC in the results of
DSST [35].

Table 4
Performance of cognitive tests in different age groups
Age groups, years
" 18—-29 30—-39 40-49 50—59 60—69
Cognitive test
MDD HC MDD HC MDD HC MDD HC MDD HC

n=32 n=22 n=45 n=25 n=27 n=15 n=18 n=_§8 n=_§ n=>5
RAVLT 50,06 61,10 49,77 65,40 50,33 63,33 47,47 53,13 40,13 57,00
immediate recall (7,54)* | (7,56) | (7,63)* | (6,83) | (6,41)* | (5,27) (8,22) 7,77 | (7,567)% | (7,14)
RAVLT proactive 6,58 7,81 5,91 7,80 5,79 8,00 5,48 5,75 5,25 7,20
interference score (1,39)* | (1,83) | (1,22)* | (1,76) | (1,62)* | (2,00) (1,17) (1,67) (1,83) (2,68)
RAVLT retroactive | 10,90 13,43 10,82 14,48 10,92 14,33 10,00 12,63 8,25 12,40
interference score | (2,50)* | (2,32) | (2,59)* | (1,05) | (2,64)* | (0,90) | (2,21)* | (2,56) | (2,12)* | (2,61)
RAVLT 11,10 13,86 11,07 14,40 10,92 14,53 10,00 12,38 7,63 12,40
delayed recall score | (2,94)* | (2,10) | (2,39)* | (1,32) | (2,19)* | (0,92) (2,76) (3,02) | (2,50)* | (1,52)
RAVLT 14,30 14,81 14,27 14,96 14,33 14,80 12,84 14,50 13,50 15,00
delayed recognition | (1,29) | (0,68) | (0,10)* | (0,20) | (0,87)* | (0,56) | (4,66) | (1,07) | (1,69) | (0,00)
TMT-B 71,03 62,67 73,00 50,52 77,76 57,21 90,37 68,00 98,25 71,80

(18,37) | (18,70) | (24,18)* | (21,08) | (17,36)* | (18,78) | (29,91)* | (12,17) | (30,87) | (17,51)
DSST 56,41 63,05 52,61 68,00 47,73 60,00 42,32 54,13 39,88 45,80

9,27)* | (12,50) | (10,86)* | (13,34) | (10,70)* | (9,12) | (11,55)* | (8,15) | (10,04) [ (6,91)

Results of DSST presented as median (upper-lower quartile)

DSST 57 62 51 68 48 61 41 53 40 47

(53—63) | (54—71) | (45—60) | (62—73) | (39—53) | (56—67) | (33—56) | (48—61) | (33—49) | (39—52)

Note: data are presented as means (SD ) unless otherwise stated;* - p < 0,05 according to T-test for independent

samples

Afterward, using ROC analysis, we assessed
the discriminatory ability of different cognitive
tests for separating patients with MDD from
healthy individuals by the scores of cognitive
tests (table 5). The analysis was performed only
for those tests, the performance of which by
patients with an active DE was significantly worse
according to the available normative data. The
PDQ-5 test had an excellent quality of a model for
differentiating patients with MDD from HC in the
total sample, a total score of PDQ-5 > 3,5 provided
the opportunity to separate patients with MDD
from HC with a sensitivity of 90% and specificity
of 91% . The RAVLT subtest for immediate recall
hadaverygooddiagnosticvalue fordifferentiating
patients with MDD throughout the sample, the
threshold score of the subtest < 56,5 words had a
sensitivity of 85% and a specificity of 82% for the
separation of patients with MDD from HC in the
general sample. The RAVLT subtest for proactive
interference showed good diagnostic value for
separating patients with MDD from HC in the

entire sample, the subtest threshold < 6,5 words
with a sensitivity of 66% and a specificity of 72%
separated patients with MDD from HC. The RAVLT
subtest for retroactive interference had a very good
diagnostic value for predicting MDD in the entire
sample, a subtest threshold level < 13,5 words with
optimal sensitivity and specificity of 86% and
76% , respectively, to separate healthy individuals
from patients with MDD.

The TMT-B test demonstrated good diagnostic
value for the separation of patients with MDD
in the entire sample, the threshold level of test
performance > 63 s had optimal sensitivity (70%)
and specificity (68% ) for the separation of healthy
individuals from patients with MDD. The DSST
test showed good diagnostic value for predicting
MDD in the entire sample, the test score < 58,5 had
optimal sensitivity and specificity (74% and 63%)
to separate healthy individuals from patients with
MDD. To the best of our knowledge, we were the first
to obtain cutoff scores of those neuropsychological
tests for discrimination MDD patients from HC.

11
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Table 5
Discriminative validity of cognitive tests in the Ukrainian MDD patients
Age (years) AUC 95% CI P Cutoff scores Sensitivity Specificity
PDQ-5 total score
Whole sample | 0,947 = 0,015 | 0,918-0,977 <0,0001 > 3,5 90% 91%
18-24 0,977+ 0,025 | 0,929-1,000 <0,0001 > 3,5 100% 83%
25-34 0,954 = 0,024 | 0,908-1,000 <0,0001 > 3,5 93% 89%
35—-44 0,913 +0,041 | 0,833-0,994 <0,0001 >2,5 89% 83%
45-54 0,982+ 0,017 | 0,948-1,000 <0,0001 > 2,5 100% 84%
55—65 0,942 = 0,050 | 0,845-1,000 0,003 > 3,0 90% 100%
RAVLT immediate recall (number of words)
Whole sample | 0,875 = 0,026 | 0,825-0,926 <0,0001 <56,5 85% 82%
18-24 0,831 = 0,094 | 0,646—1,000 0,009 <57 100% 73%
25-34 0,895+ 0,038 | 0,820-0,970 <0,0001 <59,5 85% 70%
35—-44 0,956 = 0,031 | 0,894-1,000 <0,0001 <59,5 91% 83%
45-54 0,800 +0,074 | 0,656-0,945 0,001 <57,5 86% 74%
55—65 0,935 + 0,065 [ 0,807—1,000 0,004 <53,5 94% 80%
RAVLT proactive interference (number of words)

Whole sample | 0,738 =0,039 | 0,662—-0,814 <0,0001 <6,5 66% 72%
18-24 0,616 = 0,123 | 0,375-0,856 0,36

25-34 0,758 = 0,066 | 0,628-0,888 <0,0001 <75 83% 63%
35—-44 0,795+ 0,089 | 0,621-0,970 0,003 <6,5 70% 5%
45-54 0,696 = 0,087 | 0,525-0,867 0,03 <6,5 72% 74%
55—65 0,694 =0,119 | 0,462-0,927 0,20

RAVLT retroactive interference (number of words)
Whole sample | 0,855 =0,029 | 0,797-0,913 <0,0001 <13,5 86% 76%
18-24 0,690 = 0,121 | 0,452-0,928 0,13 - -
25-34 0,900 = 0,039 | 0,823-0,976 <0,0001 <13,5 85% 89%
35—-44 0,945 += 0,034 | 0,877-1,000 <0,0001 <13,5 82% 92%
45-54 0,795+0,073 | 0,652-0,939 0,001 <13,5 82% 74%
55—65 0,841 +0,129 | 0,589-1,000 0,023 <12,5 94% 80%
TMT-B (time of completion, s)
Whole sample | 0,751 = 0,036 | 0,681-0,822 <0,0001 > 63 70% 68%
18-24 0,814 += 0,098 | 0,622-1,000 0,01 >61 91% 64%
25-34 0,673 0,069 | 0,539-0,808 0,02 > 58,5 73% 60%
35—-44 0,919 = 0,040 | 0,841-0,997 <0,0001 > 58,0 83% 83%
45-54 0,667 = 0,087 | 0,497-0,836 0,07 - -
55—65 0,821 +0,116 | 0,594-1,000 0,03 >171,5 90% 80%
DSST (number of correct symbols)
Whole sample | 0,747 =0,036 | 0,676-0,817 <0,0001 < 58,5 74% 63%
18-24 0,645+ 0,132 | 0,386—-0,903 0,25 - -
25-34 0,755+ 0,060 | 0,638-0,873 <0,0001 <59,5 1% 67%
35—-44 0,867 = 0,051 | 0,767-0,967 <0,0001 <60,5 78% 83%
45-54 0,739 +0,079 | 0,584-0,893 0,01 <53,5 68% 2%
55—65 0,695 +0,117 | 0,465-0,924 0,19 - -
CONCLUSIONS

1. Patients with an active episode of MDD
demonstrate as subjective as objective cognitive
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impairments as compared to HC.
2. Cognitive dysfunction in the Ukrainian
cohort of MDD patients is characterized by mild
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impairments of working memory; moderate
impairments in alternating attention; and
moderate impairments in executive functioning

3. PDQ-5 and neuropsychological tests, such as
RAVLT (subtests for immediate recall, proactive
and retroactive interference), TMT-B, and DSST
show from excellent to good diagnostic value for
separating patients with MDD from HC

4. PDQ-5, RAVLT, TMT-B, and DSST and

obtained age-adjusted cutoffs of those tests could be
used by clinicians in everyday practice to assess the
presence of cognitive dysfunction in MDD patients
as a method to secure a more valid assessment of
cognitive impairments specific to these patients
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