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Background
Cognitive impairment is a core feature of depression and has a
negative effect on a person’s functioning, in psychosocial and
interpersonal areas, and on workforce performance. Cognitive
impairment often persists, even with the remittance of mood
symptoms. One potential way of improving treatment of cogni-
tive impairment would be to identify variables that predict
cognitive change in patients with depression.

Aims
To systematically examine findings from studies that investigate
baseline variables and how they predict, or correlate with, cog-
nitive change inmood disorders, and to examinemethodological
issues from these studies.

Method
Studies that directlymeasured associations between at least one
baseline variable and change in cognitive outcome in patients
with current major depressive episode were identified using
PubMed and Web of Science databases. Narrative review tech-
niquewas used because of the heterogeneity of patient samples,
outcome measures and study procedures. The review was
registered on PROSPERO with registration number
CRD42020150975.

Results
Twenty-four studiesmet the inclusion criteria. Evidence from the
present review for prediction of cognitive change from baseline
variables was limited for demographic factors, with some
preliminary evidence for depression, cognitive and biological
factors. Identification of patterns across studies was difficult
because of methodological variability across studies.

Conclusions
Findings from the present review suggest there may be some
baseline variables that are useful in predicting cognitive change in
mood disorders. This is an area warranting further research focus.
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Depressive disorders; bipolar affective disorders; out-patient
treatment; psychological testing; in-patient treatment.
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Major depressive disorder (MDD) is prevalent worldwide, with esti-
mates of 4.4% of the population affected in 2015.1 It is one of the
leading causes of disability internationally.2 Cognitive impairment is
now widely recognised as a core symptom of depression,3–5 within a
MDD or bipolar disorder presentation, and also in euthymia.6

Cognitive domains affected in depression include executive
function, attention/concentration, learning/memory and processing
speed, as well as so called ‘hot’ areas of cognition, which involve
emotion processing.7 Cognitive impairment often persists, even
with resolution of mood symptoms.6,8 Cognitive impairment has
a negative effect on a person’s psychosocial and interpersonal func-
tioning, and on performance in the workforce.9,10 Preliminary evi-
dence also suggests that poor cognitive functioning increases the
rate of relapse for depressive disorders.11,12

Given the effect on patients, and the fact that current treatment
does not adequately address cognitive dysfunction, cognitive
impairment has been identified as an important feature of depres-
sion, and a clear target in treatment and research.6,7,13 One potential
way of improving treatment of cognitive impairment would be to
identify variables that predict cognitive change in patients with
depression. This identification could help target treatment or iden-
tify those who may need extra intervention. It would also identify a
group in whom research is particularly needed to address this
problem. There is particular clinical significance if predictors are
identified that are relatively quick and easy to measure in clinical
practice.

A further issue is that, particularly in the elderly, depression may
be associated with a greater decline in cognitive function over time

than that seen in healthy aging.14 However, the underlying aetiology
of this decline, and what particular aspects of the presentation of
depression predict decline, is not clear. Understanding and being
able to predict which factors predict longer-term cognitive decline in
patients with depression is desirable to utilise and develop treatments
that mitigate this.

Two scenarios are present in the literature: studies examining
predictors of cognitive improvement (usually short-term treatment
trials) and studies examining predictors of worsening cognitive
function (usually longer-term studies in older participants).

A recent systematic review has been conducted to examine
whether cognitive function predicts mood outcomes in treatment
studies of depression;15 however, to date, to our knowledge, there
has been no systematic review to investigate predictors of cognitive
change related to treatment in mood disorders.

Aims

The aims of the present review were therefore as follows: to systemat-
ically examine findings from studies that investigate variables that
predict or correlate with cognitive change in mood disorders, and to
examinemethodological issues from studies examining these variables.

Research question

Are there baseline predictors of cognitive change in patients with
mood disorders?
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Method

Protocol and registration

Details of the protocol for the current systematic review were regis-
tered on PROSPERO with registration number CRD42020150975.
No ethics approval was required, as this is a review using existing
studies only.

Search strategy

Up to 29 August 2019, electronic database searches were conducted
using PubMed. Search terms used in the initial search were a com-
bination of ‘cognitive’ or ‘neuropsychological’ and ‘function’ and
‘change’ or ‘improvement’ and/or ‘treatment’ and ‘depression’ or
‘bipolar’. Reference lists of relevant papers found were reviewed to
find additional papers. Web of Science was used to access articles
that cited the relevant articles found through the mentioned
methods, to obtain more recent studies. Searches were also con-
ducted in EMBASE and PsycINFO, but no additional studies were
identified.

Inclusion criteria

Articles were selected on the basis that they included a sample who
were in a current major depressive episode (as part of MDD or
bipolar disorder) at baseline and included individuals over the age
of 18 years. Studies needed to include assessment of cognitive func-
tioning at baseline, as well as measurement of cognitive functioning
after treatment or at the end of follow-up, in the case of naturalistic
studies. To answer the research question, studies were required to
directly measure associations between change in cognitive
outcome and at least one baseline variable. Studies were able to
use different methodologies to assess associations, for example, cor-
relation or regression. Type of treatment used was not restricted for
inclusion, with the exception of electroconvulsive therapy, which
was excluded. For example, pharmacotherapy, cognitive training,
repetitive transcranial magnetic stimulation (rTMS), standard hos-
pital care or environmental therapies such as exercise were all valid
for inclusion. Naturalistic studies in which no specific treatment was
being investigated were also included.

Exclusion criteria

Reasons for exclusion were (i) the use of a sample with comorbid
major medical, neurological or endocrinological conditions; (ii)
the predictor variable was investigated in relation to changes in
depression, but not cognitive functioning; (iii) a predictor or correl-
ate that was measured at a point other than baseline (e.g. change in
depression severity score) and (iv) the sample was euthymic at the
time of baseline assessment. Only English language articles were
included.

Full study review

Initially, one reviewer screened articles, reviewing the titles and
abstracts to determine whether the full text should be reviewed.
The same reviewer then read the full texts to determine whether
they met the inclusion criteria. If it was unclear whether a study
met the inclusion criteria, this was discussed with a second co-
author, and then a third co-author if further clarification was
required. Data was obtained from eligible studies and collated
in a spreadsheet. The following information was extracted:
sample characteristics, including sample size, gender and age;
study design; mood disorder measurements; cognitive tests
used; baseline predictors of cognitive change; and study out-
comes. The applicable Joanna Briggs Institute checklists were

used as a formal risk-of-bias tool for each study, and checklists
are available from authors on request. Differences in design and
assessment between studies were also discussed between co-
authors, and the quality of each study taken into account when
synthesising the evidence.

Results

Study characteristics

Twenty-four studies met the inclusion criteria (total n = 3403),
Fig. 1 shows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram of studies
retrieved for this review. Of the 24 studies, 12 involved partici-
pants aged between 18 and 64 years old, referred to in this
review as adult samples. In 12 studies, participants recruited
were 65 years or older, referred to as older adult samples (see
Tables 1 and 2).

Overall, the quality of studies as measured with the Joanna
Briggs Institute checklists was good. Across the randomised con-
trolled trials (RCTs), there were several criteria that were most com-
monly not clearly stated in the article if they were met: whether the
studies used true randomisation, whether allocation to treatment
groups was concealed and whether outcome assessors were blind
to treatment assignment. These studies were still included, as they
otherwise met checklist criteria, and these areas were unclear
rather than confirmed not met; for example, stating participants
were randomised to conditions, but not clarifying how this took
place.

Studies used a range of measures of cognitive function. This
included one study with a subjective measure only,26 whereas the
majority used objective cognitive measures. Three studies used
one cognitive test,22,23,26 whereas the remaining 21 studies used
multiple tests. For mood disorder measures, 16 studies used the
Hamilton Rating Scale for Depression (HRSD), although criteria
for entry ranged from a HRSD score of ≥8 to a score of ≥18. To
attempt to separate studies into those that followed only a treatment
course compared with those that followed for a longer period,
studies were divided into ‘shorter’ and ‘longer’ studies. The
studies naturally split into those ≤4 months (shorter studies), and
those ≥48 weeks (longer studies). There were 19 shorter studies
and 5 longer studies.

Adult samples

Of the adult samples, there were 12 shorter studies, across 10
samples (total n = 1123). There were no adult sample longer
studies. Ott et al,24 Miskowiak et al22 and Miskowiak et al23 are
three secondary data analysis papers that used the same sample,
but investigated different outcomes.

Regarding treatment type, within adult samples, six studies used
antidepressant treatment. Another study used standard hospital
care as the treatment, so specifics varied between patients but
involved medication prescribed by psychiatrists, as appropriate.18

Two studies used physical activity as the treatment.16,27 For one
study, the treatment was rTMS,19 and the final study used compen-
satory cognitive training as the treatment.25

Older adult samples

Of the 12 older adult studies (total n = 2307), five were longer and
seven were shorter studies. A total of 9 out of 12 studies used anti-
depressant treatment for the intervention. Two older adult studies
were based on two different training groups from the Advanced
Cognitive Training for Independent and Vital Elderly trial.36,37

These used memory36 and reasoning37 training as treatment.
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The remaining older adult study was a 3-year, naturalistic follow-up
study.39

The following sections are divided by predictor type and will
outline the adult sample studies first, followed by the older adult
samples. It was expected that over the short-term follow-up
studies, while depression was being treated, there would be an
improvement in cognitive function, whereas in the longer-term
follow-up studies, there would be a decrement in cognitive function.
As such, within these sections, studies are discussed by short- and
long-term follow-up.

Demographic factors
Age

Adult samples. Seven adult sample studies (total n = 661) exam-
ined age as a variable related to cognitive change. One shorter
study25 reported mixed significant results.

Thomas et al25 conducted a 12-week RCT for compensatory
cognitive training (n = 77). Age was a significant moderator for cat-
egory fluency, for which younger participants showed more of an
improvement over time. However, results were not analysed separ-
ately for the two broad diagnostic groups of severe mood disorder
(n = 46) and schizophrenia or schizoaffective disorder (n = 31), so
the effect of age on cognitive change for patients withmood disorder
alone cannot be commented on.

The remaining six studies (total n = 584) found no significant
relationship between age and cognitive change.16,17,19,22,23,26 Jeon
et al (n = 164)17 included age in an analysis, but did not report

finding a significant relationship. It is assumed that age did not sig-
nificantly affect cognitive change.

Older adult samples. Four shorter studies (total n = 960) exam-
ined age as a predictor of cognitive change in older adult samples.

One shorter study33 (n = 166) found mixed results depending
on cognitive area. Barch et al33 measured cognitive functioning
before and after a 12-week course of sertraline in adults aged 60
years and older with MDD. Older age was associated with
less improvement for the areas of working memory (r =−0.25,
P < 0.005), executive function (r =−0.17, P < 0.05) and psycho-
motor speed (r =−0.18, P < 0.05). No significant relationship for
language function or episodic memory was found.

The three remaining studies (total n = 794) found no significant
relationship between age and cognitive change.28,29,31

Longer follow-up studies. Pelton et al (n = 35)38 examined age as a
predictor of cognitive change over 48 weeks in their older adult
study, with non-significant results.

Age as a predictor of cognitive change. Only one adult study and
one older adult study found significant results, despite 11 studies
examining age. Thomas et al25 had a sample that was mixed
between patients with mood disorders and patients with schizo-
phrenia, so it is possible this influenced results. They also found
the significant result for one domain only, despite running multiple
cognitive tests. The combined sample size of the studies with
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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Table 1 Adult sample studies included in review

Reference N Mean age, s.d. Study design Treatment
Depression severity

measurement Cognitive outcome measures Predictors tested

Hoffman
et al16

202 out-patients, MDD 51.7 ± 7.6 4-month
randomised
controlled trial

Physical activity:
supervised or
home-based

BDI ≥12 TMT, Stroop, Ruff 2 & 7 Test, DSST, Logical
Memory, Verbal Paired Associate, Animal
Naming, Controlled Oral Word Association Test,
Digit Span

Age, education, baseline cognitive
performance

Jeon et al17 164 out-patients, MDD 58.4 ± 10.8
tianeptine, 57.1 ±
9.8 escitalopram

12-week
randomised
open-label trial

Tianeptine,
escitalopram

HRSD-17 ≥ 16 Continuous Performance Test, Verbal Learning
Test, Raven Progressive Matrices

Age, gender, education, baseline
cognitive performance

Lin et al18 353 in-patients, MDD 34.9 ± 12.9 6-week prospective
semi-
naturalistic
open-label
longitudinal
study

Antidepressants,
psychiatrists
prescribed type and
dosage as saw fit

Psychiatrist diagnosis,
HRSD-17 to
measure change

TMT, Digit Symbol Coding, Digit Span, Modified
Wisconsin Card Sorting Test, Tower of Hanoi,
Animal Naming, Immediate Visual
Reproduction

Depression subtype*

Nadeau
et al19

48 participants,
medically resistant
major depression >6
years

46.6 ± 14.2 2-week
randomised
controlled trial,
3-month follow-
up

Repetitive transcranial
magnetic
stimulation

HRSD-24 ≥ 18 (with ≥3
on item 1)

TMT, Stroop, Boston Naming Test, category
fluency, Block Design, Controlled Oral Word
Association Test, California Verbal Learning
Test, Paced Auditory Serial Addition Test

Age, gender, baseline depression
severity, baseline cognitive
performance*, handedness

Soczynska
et al20

41 out-patients, MDD 34.6 ± 9.9 bupropion,
41.3 ± 12.9
escitalopram

8-week double-
blind
randomised
controlled
comparative
trial

Bupropion XL,
escitalopram

HRSD-17 ≥ 16 California Verbal Learning Test, Logical Memory,
Digit Span, Spatial Span, Letter-Number
Sequencing, Brief Visuospatial Memory Test-
Revised

Education*

Mikoteit
et al21

25 patients, MDD 42.9 ± 12.3 6-week open-label
prospective
clinical study

Duloxetine ICD-10, HRSD-17 ≥ 17 ‘Test zur Aufmerksamkeitsprüfung’ (Test Battery
for Attentional Performance)

Baseline depression severity,
baseline cognitive performance*

Miskowiak
et al22

84 patients, bipolar
disorder in partial
remission or current
unipolar depression

40 ± 10
erythropoietin, 43
± 12 saline

8-week
randomised
controlled trial

Erythropoietin Unipolar depression:
HRDS-17 ≥17;
bipolar disorder
partial remission:
HRSD-17 ≤ 14,
YMRS ≤14

Rey Auditory Verbal Learning Test Age, gender, diagnosis

Miskowiak
et al23

79 patients, bipolar
disorder in partial
remission, or current
unipolar depression

No mean provided;
20–35 years: 12;
35–50 years: 18;
50–70 years 9

8-week
randomised
controlled trial

Erythropoietin Unipolar depression:
HRDS-17 ≥17;
bipolar disorder
partial remission:
HRSD-17 ≤ 14,
YMRS ≤14

Rey Auditory Verbal Learning Test Age, gender, education, longer
illness duration*, diagnosis,
baseline depression severity,
number of mood episodes,
objective memory dysfunction
baseline*, subjective cognitive
complaints*

Ott et al24 79 patients, bipolar
disorder in partial
remission, or current
unipolar depression

41.2 ± 10.8
erythropoietin,
42.6 ± 12.3 saline

8-week
randomised
controlled trial

Erythropoietin Unipolar depression:
HRDS-17 ≥17;
bipolar disorder
partial remission:
HRSD-17 ≤ 14,
YMRS ≤14

Rey Auditory Verbal Learning Test, RBANS, Verbal
Fluency, WAIS-III Letter-Number Sequencing,
TMT, Rapid Visual Information Processing,
Massachusetts General Hospital Cognitive and
Physical Functioning Questionnaire

Baseline objective cognitive
deficits*, subjective cognitive
complaints
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significant results was also small compared with the combined nega-
tive studies. Thus, there is limited evidence from the studies identi-
fied that age is a predictor of cognitive change. A confounding
methodological issue is, however, that none of the studies were con-
ducted over an extended age range.

Gender

Adult samples. Gender in relation to cognitive change was inves-
tigated in five shorter studies (total n = 382). None of these studies
found a significant relationship between gender and cognitive
change.17,19,22,23,26

Older adult samples. In the two studies examining it (total
n = 755),29,31 gender was not found to have a significant relationship
with cognitive change.

Longer follow-up studies. Pelton et al (n = 35)38 examined gender
as a predictor of cognitive change over 48 weeks in older adults, with
non-significant results.

Education

Adult samples. One of six shorter studies (total n = 615) that
examined education as a predictor of cognitive change showed sig-
nificant results. In an RCT of bupropion and escitalopram for
patients with MDD (n = 41), Soczynska et al20 reported that for
immediate verbal memory, higher level of education was correlated
with greater improvement. No significant relationship between edu-
cation and cognitive change was found in the remaining studies
(total n = 574).6,16,17,23,27

Older adult samples. The one older adult study (n = 39) that
examined education found no significant relationship with cogni-
tive change.28

Longer follow-up studies. Pelton et al (n = 35)38 examined educa-
tion as a predictor of cognitive change in their 48-week, older adult
study, with non-significant results.

Ethnicity

Older adult samples. Raskin et al (n = 311)31 reported no signifi-
cant interaction between ethnicity and treatment for change in com-
posite cognitive score.

Handedness

Adult samples. Nadeau et al19 investigated handedness in their
shorter study and found no significant relationship with cognitive
change in the areas of language, visuospatial function, executive
function, verbal episodic memory and attention.

Depression factors
Baseline depression severity

Adult samples. Depression severity as a predictor of cognitive
change was investigated by four studies (total n = 238).19,21,23,26

Lee et al (n = 86)26 found a significant relationship between depres-
sion severity and the subjective Perceived Deficits Questionnaire-
Korean version (PDQ-K), for total score as well as in the domains
of attention/concentration and organisation/planning. For these
areas, greater baseline depression severity was associated with
greater subjective cognitive improvement. A significant relationship
for prospective memory was not found.26

The three remaining studies (n = 152) found no significant rela-
tionship between depression severity at baseline and cognitive
change.19,21,23

Th
om

as
et

al
25

77
pa

rt
ic
ip
an

ts
,4

6
w
ith

se
ve

re
m
oo

d
di
so

rd
er
s,

31
w
ith

sc
hi
zo

ph
re
ni
a
or

sc
hi
zo

af
fe
ct
iv
e

di
so

rd
er

44
.4
3
±
11

.2
7

12
-w

ee
k

ra
nd

om
is
ed

co
nt
ro
lle
d
tr
ia
l

C
om

pe
ns

at
or
y

co
gn

iti
ve

tr
ai
ni
ng

D
SM

-IV
TM

T-
A
,T

M
T-
B,

BA
C
S,

Sy
m
bo

lC
od

in
g,

C
at
eg

or
y

Fl
ue

nc
y,

C
on

tin
uo

us
Pe

rf
or
m
an

ce
Te

st
-

Id
en

tic
al

Pa
irs

,W
A
IS
-II
ID

ig
it
Sp

an
,W

M
S-
III

Sp
at
ia
lS

pa
n,

U
ni
ve

rs
ity

of
M
ar
yl
an

d
Le
tt
er
-

N
um

be
r
Sp

an
,H

VL
T-
R,

Br
ie
f
Vi
su

al
M
em

or
y

Te
st
-R
ev

is
ed

,N
eu

ro
ps

yc
ho

lo
gi
ca

lA
ss
es
sm

en
t

Ba
tt
er
y
M
az
es
,W

is
co

ns
in

C
ar
d
So

rt
in
g
Te

st
,

Le
tt
er

Fl
ue

nc
y,

M
em

or
y
fo
r
In
te
nt
io
ns

Sc
re
en

in
g
Te

st

A
ge

*

Le
e
et

al
26

86
pa

tie
nt
s,

M
D
D

48
.8
±
11

.1
12

w
ee

ks
,

ob
se
rv
at
io
na

l
A
nt
id
ep

re
ss
an

t
m
on

ot
he

ra
py

D
SM

-V
di
ag

no
si
s

Pe
rc
ei
ve

d
D
ef
ic
its

Q
ue

st
io
nn

ai
re
-K
or
ea

n
ve

rs
io
n

A
ge

,g
en

de
r,
ed

uc
at
io
n,

oc
cu

pa
tio

n,
M
A
D
RS

sc
or
e*

,S
D
S,

EQ
-5
D
*,

si
ck

da
ys

be
fo
re

en
tr
y*

Bu
sc
he

rt
et

al
27

43
in
-p
at
ie
nt
s,

un
ip
ol
ar

de
pr
es
si
on

47
.2
7
±
6.
84

ex
pe

rim
en

ta
l,

47
.4
7
±
8.
47

co
nt
ro
ls

4-
w
ee

k
ra
nd

om
is
ed

co
nt
ro
lle
d
tr
ia
l

Ph
ys
ic
al

ac
tiv

ity
:

en
du

ra
nc

e
tr
ai
ni
ng

IC
D
-1
0,

BD
I,
H
RS

D
-7

‘T
es
t
zu

r
A
uf
m
er
ks
am

ke
its
pr
üf
un

g’
(T
es
t
Ba

tt
er
y

fo
r
A
tt
en

tio
na

lP
er
fo
rm

an
ce

)
Ed

uc
at
io
n,

ba
se
lin
e
pe

rf
or
m
an

ce

M
D
D
,m

aj
or

de
pr
es
si
ve

di
so

rd
er
;B

D
I,
Be

ck
D
ep

re
ss
io
n
In
ve

nt
or
y;
TM

T,
Tr
ai
lM

ak
in
g
Te

st
;D

SS
T,
D
ig
it
Sy
m
bo

lS
ub

st
itu

tio
n
Te

st
;H

RS
D
,H

am
ilt
on

Ra
tin

g
Sc

al
e
fo
rD

ep
re
ss
io
n;
YM

RS
,Y

ou
ng

M
an

ia
Ra

tin
g
Sc

al
e;
RB

A
N
S,
Re

pe
at
ab

le
Ba

tt
er
y
fo
rt
he

A
ss
es
sm

en
to

fN
eu

ro
ps

yc
ho

lo
gi
ca

l
St
at
us

;B
A
C
S,

Th
e
Br
ie
fA

ss
es
sm

en
t
of

C
og

ni
tio

n
in

Sc
hi
zo

ph
re
ni
a;

W
A
IS
-II
I,
W
ec

hs
le
r
A
du

lt
In
te
lli
ge

nc
e
Sc

al
e;

W
M
S-
III
,T

he
W
ec

hs
le
r
M
em

or
y
Sc

al
e,

3r
d
ed

iti
on

;H
VL

T-
R,

H
op

ki
ns

Ve
rb
al

Le
ar
ni
ng

Te
st
-R
ev

is
ed

;M
A
D
RS

,M
on

tg
om

er
y–
Å
sb

er
g
D
ep

re
ss
io
n
Ra

tin
g
Sc

al
e;

SD
S,

Sh
ee

ha
n
D
is
ab

ili
ty

Sc
al
e;

EQ
-5
D
,E

ur
oQ

ol
-5

di
m
en

si
on

s
qu

es
tio

nn
ai
re
.

*
P<

0.
05

.

Predictors of cognitive change in depression

5
https://doi.org/10.1192/bjo.2020.114 Published online by Cambridge University Press

https://doi.org/10.1192/bjo.2020.114


Table 2 Older adult sample studies included in review

Reference N Mean age, s.d. Study design Treatment

Depression
severity

measurement Cognitive tests Predictors tested

Shorter studies (≤4 months)
Devanand
et al28

39 out-patients; MDD,
dysthymic or
depression NOS

72.0 ± 10.2 12-week open-label
trial

Sertraline HRSD-17 ≥ 8 DSST, Boston Naming Task, SRT, Animal Naming
& CFL Verbal Fluency, Selective Reminding
Task, Letter & Shape Cancellation Tasks

Age, education

Doraiswamy
et al29

444 out-patients,
MDD

68.0 ± 5.7 12-week double-
blind studies
(pooled from 2)

Sertraline,
fluoxetine,
nortriptyline

HRSD-24 ≥ 18 MMSE, DSST, Shopping List Task Age, depression severity, baseline cognitive
impairment

Nebes et al30 73 in- and out-
patients, MDD

70.3 ± 6.4
depression,
71.0 ± 7.2
controls

12-week randomised
controlled trial

Nortriptyline or
paroxetine

HRSD-17 ≥ 15 MMSE, Dementia Rating Scale, DSST, N-Back
Test, TMT, Rey Auditory Verbal Learning Test

Age at onset, baseline cognitive functioning

Raskin et al31 311 patients, MDD 72.6 ± 5.7
duloxetine,
73.3 ± 5.7
placebo

8-week randomised
controlled trial

Duloxetine HRSD-17 ≥ 18 Rey Auditory Verbal Learning Test, DSST, Two-
Digit Cancellation Test, Letter-Number
Sequencing Test

Age; gender; ethnicity; number of previous drugs/
episodes; GDS total score; CGI severity scale
score; HRSD anxiety and insomnia; comorbid
arthritis, diabetes, vascular disease or any of
these; or mild dementia

Han et al32 281 in-patients with
major, minor, and
without
depression

78.7 ± 7.1 major,
78.4 ± 6.9
minor, 79.9 ±
7.3 without

12-month follow-up
quasi
experimental trial

Antidepressant
treatment as
prescribed

DSM-IV criteria MMSE Depression severity*

Barch et al33 166 out-patients,
MDD

68.1 ± 7.1 12-week open-label
trial

Sertraline SCID TMT, Wisconsin Card Sorting Test, DSST, Boston
Naming Task, Benton Visual Reminding Test,
Stroop, Mattis, World List Learning, Digit
Span, Rey–Osterrieth Complex Figure Test,
Shipley Vocabulary Test

Age*, baseline depression severity*, age at onset*,
baseline cognitive function*, vascular risk
score*, white matter hyperintensities*

Marano et al34 17 patients with MDE,
17 controls

66.9 ± 6.4
depression,
66.0 ± 7.9
comparison

12-week open-label
trial

Citalopram HRSD-17 ≥ 15 California Verbal Learning Test, Delis–Kaplan
Executive Function System

Grey matter volumes*

Pelton et al35 18 out-patients, MDD
or dysthymic
disorder

65.3 ± 8.9 12-week placebo-
controlled pilot
trial

Donepezil HRSD-24 ≥ 14 MMSE, Selective Reminding Task, DSST, TMT,
CFL Verbal Fluency

Olfactory performance*

Longer studies (>4 months)
Lohman
et al36

1401 participants, 310
with elevated
depression
symptoms

73.5 ± 6.0 memory
training, 74.0 ±
6.5 controls

5-year follow-up, 6-
week
randomised
controlled trial

ACTIVE memory
training

CES-D-12 ≥ 9 Rey Auditory Verbal Learning Test, Hopkins
Verbal Learning Test

Baseline depression severity*

Parisi et al37 1375 participants, 322
with elevated
depression
symptoms

74.1 ± 6.0 10-year follow-up, 6-
week
randomised
controlled trial

ACTIVE reasoning
training

CES-D-12 ≥ 9 Word Series, Letter Series, Letter Sets Baseline depression severity
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Older adult samples. Three shorter studies (total n = 921) exam-
ined baseline depression severity in association with cognitive
change, with mixed results.

Barch et al33 found higher baseline Montgomery–Åsberg
Depression Rating Scale score was correlated with less improvement
in visual episodic memory (r =−0.16, P < 0.05); however, they had
non-significant results for working memory, executive function,
language function or psychomotor speed in their 12-week, open-
label trial (n = 166). The remaining two studies found no significant
relationship between depression severity at baseline and cognitive
change.29,31

Longer follow-up studies. Four longer studies (total n = 948)
examined baseline depression severity in association with cognitive
change, with mixed results.

Han et al32 assessed 281 in-patients aged 65 years and older over
12 months. Participants were taking antidepressant medication, and
were pooled from a RCT and an observational cohort study. Han
et al analysed groups separately based on major, minor or no
depression, according to DSM-IV criteria. Only the group with
minor depression showed a significant improvement on the Mini-
Mental State Examination (MMSE) during their trial.

Lohman et al36 examined the relationship between depres-
sive symptoms and memory performance with training, using
participants from a memory training group and a control
group (n = 310) followed up over 5 years. Participants were
community-dwelling adults aged over 65 years. A significant
association between elevated depressive symptoms, measured
with the 12-item version of the Centre for Epidemiological
Studies-Depression Scale (CESD-12), and change in recall and
recognition memory was reported, indicating those with ele-
vated depressive symptoms experienced a faster decline in
memory. Parisi et al37 examined participants from the reason-
ing training arm of the same study (n = 322), at the 10-year
follow-up. CESD-12 scores at baseline were not significantly
associated with change in reasoning performance, which was
the only domain assessed.

Pelton et al (n = 35)38 found no significant correlation between
baseline HRSD scores and changes on cognitive measures.

Depression severity as a predictor of cognitive change. There is
conflicting evidence between age groups. Among the adult
samples, the only study to find significant results for severity
used a subjective measure of cognitive functioning as the
outcome measure.26 The measure being subjective may have
some issues, and the authors acknowledge the lack of objective
tests as a limitation, although they do note that their measure
(PDQ-K) has been reported to significantly correlate with object-
ive measures in the literature.26,40 It might be expected that
greater depression severity is associated with greater cognitive
impairment and therefore greater chance of improvement with
treatment. This may in fact underlie the significant result in Lee
et al26 However, it may also be that greater depression severity
in the elderly is associated with greater neurobiological disturb-
ance, which may be irreversible. For example, vascular changes
may be associated with more severe depression,41 which, as dis-
cussed below, appears to be associated with less cognitive
improvement in response to treatment.33

There was some evidence for baseline depression severity
predicting cognitive change in longer studies. Significant
results indicated that greater severity was associated with wor-
sening cognitive change, i.e. less improvement, quicker decline
or no significant improvement. As the studies were older
adults, this may indicate progression of degenerative disease
or vascular disease.42
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Diagnosis

Adult samples. Three shorter studies (total n = 516) investigated
diagnosis in relation to cognitive change, one of which found a sig-
nificant result.

In 353 in-patients, prescribed antidepressant medications as
appropriate by their psychiatrist, Lin et al18 investigated the effect
of depressive subtypes on cognitive change.43 A significant relation-
ship was found for psychomotor speed. Those with melancholic
depression showed a greater increase in psychomotor speed (Trail
Making Test A) over time than those with atypical or undifferenti-
ated subtypes. There was no significant effect of subtype on the
remaining five domains of cognitive function.

Miskowiak et al22,23 (n = 84) examined diagnosis of unipolar or
bipolar, and found no effect of diagnosis on improvement in cogni-
tive function.

Age at onset

Older adult samples. Two shorter studies (total n = 239) of older
adult samples investigated age at depression onset as a predictor
of cognitive change. One study (n = 166) of the three reported a sig-
nificant relationship across their 12-week, open-label trial. Later age
at onset was correlated with less improvement in executive func-
tioning (r =−0.24, P < 0.005).33 No relationship was found
between age at onset and cognitive change in the areas of working
memory, language function, psychomotor speed or episodic
memory.33 In the remaining study, Nebes et al30 (n = 73) found
no significant relationship between age at depression onset and cog-
nitive change.

Longer follow-up studies. Olaya et al (n = 291)39 investigated age
at onset in their 3-year, naturalistic follow-up study of older
adults, with non-significant results.

Age at onset as a predictor of cognitive change. Late-onset depres-
sion with a first episode after around the age of 65 years is associated
with greater cognitive impairment and brain changes (vascular
changes and hippocampal size44,45), and might therefore predict
less propensity for improvement in cognitive function during
treatment.

The non-significant results from Nebes et al30 and Olaya et al39

were surprising, as later age at onset of depression in elderly patients
tends to be associated with greater cognitive dysfunction.46 Indeed,
Nebes et al did find significant differences in performance between
earlier- and later-onset groups, with later-onset patients performing
worse on two of the cognitive tests.30 The use of self-report may
have affected results of Olaya et al,39 as well as their lack of consid-
eration of dementia ormild cognitive impairment, which could have
been screened for with a short questionnaire such as the MMSE or
the Dementia Rating Scale. Further research could help clarify age at
onset as a predictor of cognitive change.

Other illness variables

Adult samples. Miskowiak et al23 (n = 79) showed that longer dur-
ation of illness was associated with a significant increase in verbal
memory (16%) following erythropoietin infusions when adjusted
for in their logistic regression with baseline subjective cognitive dif-
ficulties, measured with the Cognitive and Physical Functioning
Questionnaire, as the predictor. There was no significant increase
when baseline memory dysfunction was the predictor, as measured
with the Rey Auditory Verbal Learning Test. Number of mood epi-
sodes had no significant association with cognitive change in either
analysis.

Lee et al26 (n = 86) examined three other illness-related factors
in relation to cognitive change: sick days in the past week before

study entry, functional impairment as measured by the Sheehan
Disability Scale (SDS) and quality of life as measured by the
EuroQol-5 dimensions questionnaire (EQ-5D). For their subjective
measure of prospective memory, a higher score on EQ-5D and fewer
sick days were associated with greater cognitive improvement. The
SDS did not have any significant correlations with cognitive change.

Older adult samples. In their eight-week study (n = 311), Raskin
et al31 investigated number of previous episodes of depression,
and number of previous medications received for depression. For
their composite score, no significant interaction of treatment and
these factors was found.

Cognitive factors
Objective baseline performance

Adult samples. Baseline objective cognitive performance as a pre-
dictor of cognitive change was investigated by eight papers for seven
shorter studies (total n = 727); five (total n = 318) reported signifi-
cant results.

Miskowiak et al23 examined objective baseline verbal memory
dysfunction related to cognitive change in an RCT of erythropoietin
infusion formoderately depressed patients with unipolar depression
and patients with bipolar disorder in partial remission (n = 79). For
patients with baseline cognitive dysfunction, when compared with
patients with no dysfunction, the odds of clinically relevant verbal
memory improvement increased by a factor of 290.6. Ott et al24 per-
formed a secondary analysis in the same study.When cognitive dys-
function was defined as a score of >1 s.d. below the norm on more
than two of the eight cognitive tests, there was deemed to be a sig-
nificant relationship, in which baseline cognitive dysfunction
increased chances of achieving clinically relevant improvement.
Patients with cognitive dysfunction were 9.7 and 9.9 times more
likely to achieve this at treatment end (week 9) and at 14 weeks,
respectively.

Mikoteit et al (n = 25)21 examined the relationship between
baseline cognitive performance and cognitive change (alertness:
reaction time r = –0.82, P < 0.001; working memory: correct
responses r = –0.40, P < 0.1, reaction time r = –0.50, P < 0.01, ratio
of correct responses/reaction time r = –0.20, P > 0.1; divided atten-
tion: correct responses r = 0.29, P > 0.1, reaction time r = –0.80,
P < 0.001, ratio of correct responses/reaction time r = –0.50,
P < 0.05). Those who had poorer performance at baseline showed
greater cognitive improvement. Nadeau et al (n = 48)19 reported
mixed results. Stronger executive functioning at baseline was asso-
ciated with greater gains in executive functioning. For language,
visuospatial function, verbal memory and attention, there was no
significant relationship between the baseline score and change
within any domain. Barch et al33 similarly had mixed results.
They found that poorer performance at baseline, as measured by
the MMSE, predicted less improvement for working memory;
however, they found no significant relationship for executive func-
tion, processing speed, episodic memory or language function.33

The three remaining studies found no significant relationship
between baseline cognitive performance and cognitive change
with treatment (total n = 409).16,17,27

Older adult samples. Two shorter studies investigated baseline
cognitive functioning (n = 517) and found no evidence to suggest
baseline cognitive functioning affected cognitive change over their
12-week antidepressant trials.29,30

Subjective baseline performance

Adult samples. Two papers investigated subjective cognitive func-
tion at baseline in relation to cognitive change in one sample of
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patients with current unipolar depression or bipolar disorder in
partial remission (n = 79).23,24 Miskowiak et al23 examined subject-
ive cognitive difficulties as measured by the Massachusetts General
Hospital Cognitive and Physical Functioning Questionnaire
(MGH-CPFQ). Consistent with their own, and Ott et al’s objective
verbal memory findings above, a significant relationship was
reported between subjective baseline dysfunction and objective cog-
nitive outcomes. Odds of the patient having clinically relevant
memory improvement increased if they had subjective cognitive
complaints at baseline. However, subjective cognitive complaints
measured with the MGH-CPFQ, showed no significant relationship
between baseline subjective cognitive complaints and change in sub-
jective cognitive function.24

Baseline cognitive performance as a predictor of cognitive
change. Three studies showed that reduced cognitive perform-
ance at baseline predicted greater improvement. Baseline objective
cognitive performance therefore appears to be one of most consist-
ent predictors of cognitive change. The obvious reason for this is
that patients with impaired cognitive performance at baseline are
more likely to change. This is likely not only for obvious clinical
reasons but also statistically it is more likely improvement can be
shown if there are greater deficits. One study conversely found
that lower baseline performance predicted less improvement,33

although this was a significant result for only one of five domains
investigated, making it more likely that this is a chance finding.
Additionally, just one study found better baseline cognitive per-
formance was associated with greater cognitive gains, a result they
attributed to the phenomenon of those with superior cognitive func-
tion being better able to build on this given recovery from depres-
sion.19 Again, despite examining five domains, only executive
functioning showed a significant result.

Other biological factors

Older adult samples. Barch et al33 found that more severe hyper-
intensities correlated with less improvement in psychomotor speed
(r =−0.16, P < 0.05) in a 12-week trial (n = 166). No significant rela-
tionship was found for working memory, executive function, lan-
guage function or episodic memory. Higher vascular risk score
correlated with less improvement for working memory (r =−0.24,
P < 0.005) and executive function (r = 0.17, P < 0.05), No significant
relationship was found for language function, psychomotor speed
or episodic memory.

One shorter study (n = 17) investigated grey matter volumes in
relation to cognitive change.34 Marano et al34 conducted a 12-week
trial of citalopram in out-patients with late-life depression, aged
over 55 years old. Larger grey matter volumes were associated
with greater cognitive improvement, depending on the test and
brain area. For verbal learning and memory and letter fluency,
greater improvement was associated with larger grey matter
volumes in primarily frontal areas. There was also an association
between greater improvement in verbal learning and memory and
smaller grey matter volumes in the bilateral superior frontal gyrus
(BA 8), and an association between greater improvement in letter
fluency and smaller grey matter volumes in the bilateral praecuneus
(BA 7).

In a 12-week, placebo-controlled trial of donzepil in 18 out-
patients with depression and cognitive impairment, Pelton et al
reported that worse olfactory performance (University of
Pennsylvania Smell Identification Test) at baseline significantly cor-
related with better episodic verbal memory after the trial.35

In one shorter study by Raskin et al31 (n = 311), several
comorbid conditions were investigated as predictors of cognitive
change. These were anxiety, insomnia, arthritis, diabetes, vascular

disease and mild dementia. No significant interaction of treatment
with any of these comorbid disorders was found by their composite
cognitive score.

Biological factors as predictors of cognitive change. There is evi-
dence in older adult samples that a higher vascular risk score,
more severe white matter hyperintensities33 and lower grey matter
volumes40 are associated with less cognitive improvement. Both
may be indicators of greater risk for cognitive decline, but both
studies were short term.

Discussion

The aim of this systematic review was to determine what baseline
factors are related to cognitive change in patients in a current
major depressive episode. The review examined shorter and
longer periods of follow-up across adult and older adult samples.

Predictors of cognitive change

Baseline objective cognitive performance appears to be one of most
consistent predictors of cognitive change. There is also limited evi-
dence from the studies identified for age, age at depression onset
and depression severity as a predictor of cognitive change, as well
as some biological factors. No statements can be made in regards
to predictors of cognitive change over a longer term for adults
because of a lack of identified empirical data.

Methodological issues

This review highlighted substantial methodological variability
across studies, making synthesis of findings into patterns across
studies difficult. The main methodological inconsistencies identi-
fied are as follows.

Healthy controls

Only three studies included a healthy control group. Without a
healthy control group, there is no comparison to ascertain how
much of the improvement in cognitive function is because of prac-
tice effects or, in the case of longer studies, what effects are a natural
progression because of aging. The potential for practice effects may
be particularly relevant in studies such as Nebes et al,30 who tested
their participants on five separate occasions over their 12-week trial.

Cognitive impairment, measurement and severity

Although studies tended to exclude participants with dementia, this
did not always occur. For example, Raskin et al31 allowed ‘mild
dementia’ in participants, but excluded Alzheimer’s disease. This
is clearly important since patients with established dementia will
likely have different predictors of cognitive decline. Screening for
cognitive impairment was also variable, with some older adult
studies using a minimum score on the MMSE as part of inclusion
criteria29,31,33,35,38 and others including a maximum score to rule
out serious cognitive impairment.36,37 The majority of the adult
studies had no criteria for level of cognitive impairment outside of
exclusion of intellectual disability or dementia, and just one had a
maximum MMSE score for inclusion.17

The cognitive domains investigated by each study also varied.
Most studies looked at a variety of cognitive domains, such as execu-
tive functioning, verbal memory and attention. There was a range of
tests used to measure these. One study examined only global cogni-
tive functioning with the MMSE,32 which is likely to be less sensi-
tive. This variety in analysing cognitive performance makes it
more difficult to compare and summarise findings.
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Type of intervention

Around half of the studies used antidepressant therapy, with the
remaining half delivering a variety of interventions such as physical
activity, cognitive training and rTMS. It may be that different inter-
ventions produce different results in cognitive changes, and that dif-
ferent factors predict these cognitive changes. Criteria could have
been limited to studies using only one type of intervention, for
example, antidepressant treatment. However, if restricted to these
studies, results are still very variable, and not sufficiently similar
to combine into meta-analyses. Furthermore, we aimed to
examine what factors predict change in response to a range of treat-
ments and had no a priori hypothesis suggesting that there would be
particular predictors for particular treatments.

Length of study

The length of the study has implications, in that shorter studies may
not be long enough to detect cognitive changes and allow for the
identification of predictors. Longer studies, on the other hand,
allow for more variables to confound results. This was partially miti-
gated by the separation of shorter studies (<6 months) and longer
studies (≥6 months) in assessing the results. The length of the
longer studies, for which follow-up went as long as 10 years,37 is
also of note, having the issue of more potential confounding vari-
ables. Participants may take medications or undergo other therapies
during the study period, or have multiple episodes of depression.

Sample sizes

Many study samples may be underpowered to detect the effects of
predictors. Given the complexity of mood disorders, it is likely
that there are multiple interacting predictors.

Multiple outcome measurements

Caution should be used when interpreting results in which multiple
cognitive outcomes are examined but significant results are reported
in just one domain, or test. Any significant results are potentially
inflated in this situation, as when testing multiple domains there
is more likelihood for type one errors. For example, for age as a pre-
dictor, Thomas et al found a significant result for category fluency
only, from a battery of 14 tests.25

Limitations

There are several limitations of this review. First, it considered
English language papers only. Although this is standard practice
for an English language-based review, it may mean that some rele-
vant studies have been missed. Additionally, meta-analysis has not
been possible given the heterogeneity of outcome measures, treat-
ments and cognitive domains investigated in the studies examined,
and in the variety of ways the data has been analysed and presented.

Future research recommendations

Clearer analysis (e.g. meta-analysis), and the potential identification
of patterns in significance would require more homogeneity
between studies; for example, by standardisation of follow-up inter-
val, standard measurement of depressive symptoms and standard
batteries of cognitive tests. Failing this, greater numbers of studies
performing analysis on what predicts cognitive change would
allow for grouping of studies (e.g. by cognitive domain or depression
severity) and more in-depth analysis. Given that all studies examin-
ing treatment efficacy will be collecting some demographic data at a
minimum, this increase is very achievable, with data pooled
across studies in international collaborations, for example, the
International Consortium Investigating Neurocognition in Bipolar
Disorder.47

Conclusions and clinical significance

Evidence from the present review for prediction of cognitive change
from baseline variables was limited for demographic factors, with
some preliminary evidence for severity of depression and severity
of cognitive impairment at baseline as predictors of cognitive
change. Identification of patterns across studies was difficult
because of methodological variability; for example, variable
sample sizes, heterogeneity of patients and measures, and differing
study procedures. The identification of predictors of cognitive
change could be useful in identifying patients likely to have residual
cognitive impairment despite receiving usual treatment. This may
be a group of patients who, from the outset, should receive add-
itional support, such as detailed cognitive assessment and specific
cognitive rehabilitative therapies.

Zoe A. Barczyk , BA(Hons), Department of Psychological Medicine, University of
Otago, New Zealand;KatieM. Douglas , PhD, Department of Psychological Medicine,
University of Otago, New Zealand; Richard J. Porter , MD, Department of
Psychological Medicine, University of Otago; and Clinical Research Unit, Canterbury
District Health Board, New Zealand

Correspondence: Richard Porter. Email: richard.porter@otago.ac.nz

First received 7 May 2020, final revision 21 Sep 2020, accepted 22 Sep 2020

Data availability

Data availability is not applicable to this article as no new data were created or analysed in this
study.

Author contributions

All authors contributed to the conceptualization of the review. Z.A.B. performed the literature
search, initial screening of articles for inclusion and data extraction. K.M.D. and R.J.P. assisted
with discussion and clarification around articles for inclusion and study quality. All authors con-
tributed to writing and editing the manuscript.

Declaration of interest

R.J.P. and K.M.D. use software for research at no cost provided by SBT-pro, and R.J.P. has
received support for travel to educational meetings from Servier and Lundbeck outside of
the submitted work. Z.A.B has no conflicts of interest or financial disclosures to report.

ICMJE forms are in the supplementary material, available online at https://doi.org/10.1192/
bjo.2020.114.

References

1 World Health Organization. Depression and Other Common Mental Disorders:
Global Health Estimates. World Health Organization, 2017.

2 Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for
328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis
for the Global Burden of Disease Study 2016. Lancet 2017; 390(10100): 1211–
59.

3 Austin M-P, Mitchell P, Goodwin GM. Cognitive deficits in depression: possible
implications for functional neuropathology. Br J Psychiatry 2001; 178(3): 200–6.

4 Hammar Å, Årdal G. Cognitive functioning in major depression-a summary.
Front Hum Neurosci 2009; 3: 26.

5 Castaneda AE, Tuulio-Henriksson A, Marttunen M, Suvisaari J, Lönnqvist J.
A review on cognitive impairments in depressive and anxiety disorders with
a focus on young adults. J Affect Disord 2008; 106(1–2): 1–27.

6 Porter RJ, Robinson LJ, Malhi GS, Gallgher P. The neurocognitive profile of mood
disorders: a review of the evidence and methodological issues. Bipolar Disord
2015; 17: 21–40.

7 Zuckerman H, Pan Z, Park C, Brietzke E, Musial N, Shariq AS, et al. Recognition
and treatment of cognitive dysfunction in major depressive disorder. Front
Psychiatry 2018; 9: 655.

8 Semkovska M, Quinlivan L, O’Grady T, Johnson R, Collins A, O’Connor J, et al.
Cognitive function following a major depressive episode: a systematic review
and meta-analysis. Lancet Psychiatry 2019; 6(10): 851–61.

9 McIntyre RS, Cha DS, Soczynska JK,Woldeyohannes HO, Gallaugher LA, Kudlow
P, et al. Cognitive deficits and functional outcomes in major depressive

Barczyk et al

10
https://doi.org/10.1192/bjo.2020.114 Published online by Cambridge University Press

https://orcid.org/0000-0001-6377-5688
https://orcid.org/0000-0002-5344-2959
https://orcid.org/0000-0002-8695-3966
mailto:richard.porter@otago.ac.nz
https://doi.org/10.1192/bjo.2020.114
https://doi.org/10.1192/bjo.2020.114
https://doi.org/10.1192/bjo.2020.114


disorder: determinants, substrates, and treatment interventions. Depress
Anxiety 2013; 30(6): 515–27.

10 Withall A, Harris L, Cumming S. The relationship between cognitive function
and clinical and functional outcomes in major depressive disorder. Psychol
Med 2009; 39(3): 393–402.

11 Majer M, Ising M, Künzel H, Binder E, Holsboer F, Modell S, et al. Impaired
divided attention predicts delayed response and risk to relapse in subjects
with depressive disorders. Psychol Med 2004; 34(8): 1453–63.

12 SchmidMT, Hammar Å. A follow-up study of first episodemajor depressive dis-
order. Impairment in inhibition and semantic fluency—potential predictors for
relapse? Front Psychol 2013; 4: 633.

13 Porter RJ, Bourke C, Gallagher P. Neuropsychological impairment in major
depression: its nature, origin and clinical significance. Aust N Z J Psychiatry
2007; 41(2): 115–28.

14 Jorm AF. Is depression a risk factor for dementia or cognitive decline?
Gerontology 2000; 46(4): 219–27.

15 Groves SJ, Douglas KM, Porter RJ. A systematic review of cognitive predictors of
treatment outcome in major depression. Front Psychiatry 2018; 9: 382.

16 Hoffman BM, Blumenthal JA, BabyakMA, Smith PJ, Rogers SD, Doraiswamy PM,
et al. Exercise fails to improve neurocognition in depressed middle-aged and
older adults. Med Sci Sports Exerc 2008; 40(7): 1344.

17 Jeon HJ, Woo J-M, Lee S-H, Kim E-J, Chung S, Ha JH, et al. Improvement in sub-
jective and objective neurocognitive functions in patients with major depres-
sive disorder: a 12-week, multicenter, randomized trial of tianeptine versus
escitalopram, the CAMPION study. J Clin Psychopharmacol 2014; 34(2): 218–
25.

18 Lin K, Xu G, Lu W, Ouyang H, Dang Y, Lorenzo-Seva U, et al. Neuropsychological
performance in melancholic, atypical and undifferentiated major depression
during depressed and remitted states: a prospective longitudinal study.
J Affect Disord 2014; 168: 184–91.

19 Nadeau SE, Bowers D, Jones TL, Wu SS, Triggs WJ, Heilman KM. Cognitive
effects of treatment of depression with repetitive transcranial magnetic stimu-
lation. Cogn Behav Neurol 2014; 27(2): 77–87.

20 Soczynska JK, Ravindran LN, Styra R, McIntyre RS, Cyriac A, Manierka MS, et al.
The effect of bupropion XL and escitalopram on memory and functional out-
comes in adults with major depressive disorder: results from a randomized
controlled trial. Psychiatry Res 2014; 220(1–2): 245–50.

21 Mikoteit T, Hemmeter U, Eckert A, Brand S, Bischof R, Delini-Stula A, et al.
Improved alertness is associated with early increase in serum brain-derived
neurotrophic factor and antidepressant treatment outcome in major depres-
sion. Neuropsychobiology 2015; 72(1): 16–28.

22 Miskowiak KW, VinbergM,Macoveanu J, Ehrenreich H, Køster N, Inkster B, et al.
Effects of erythropoietin on hippocampal volume and memory in mood disor-
ders. Biol Psychiatry 2015; 78(4): 270–7.

23 Miskowiak KW, Rush JA, Gerds TA, VinbergM, Kessing LV. Targeting treatments
to improve cognitive function in mood disorder: suggestions from trials using
erythropoietin. J Clin Psychiatry 2016; 77(12): e1639–46.

24 Ott CV, Vinberg M, Kessing LV, Miskowiak KW. The effect of erythropoietin on
cognition in affective disorders–associations with baseline deficits and change
in subjective cognitive complaints. Eur Neuropsychopharmacol 2016; 26(8):
1264–73.

25 Thomas KR, Puig O, Twamley EW. Age as amoderator of change following com-
pensatory cognitive training in individuals with severe mental illnesses.
Psychiatr Rehabil J 2017; 40(1): 70.

26 Lee J-O, Kim J-W, Kang H-J, Hong J-P, Kim J-M. Predictors of cognitive improve-
ment during 12 weeks of antidepressant treatment in patients with major
depressive disorder. Clin Psychopharmacol Neurosci 2018; 16(4): 461.

27 Buschert V, Prochazka D, Bartl H, Diemer J, Malchow B, Zwanzger P, et al.
Effects of physical activity on cognitive performance: a controlled clinical
study in depressive patients. Eur Arch Psychiatry Clin Neurosci 2019; 269(5):
555–63.

28 Devanand DP, Pelton GH, Marston K, Camacho Y, Roose SP, Stern Y, et al.
Sertraline treatment of elderly patients with depression and cognitive impair-
ment. Int J Geriatr Psychiatry 2003; 18(2): 123–30.

29 Doraiswamy PM, Krishnan KRR, Oxman T, Jenkyn LR, Coffey DJ, Burt T, et al.
Does antidepressant therapy improve cognition in elderly depressed patients?
J Gerontol A Biol Sci Med Sci 2003; 58(12): M1137–44.

30 Nebes RD, Pollock BG, Houck PR, Butters MA, Mulsant BH, Zmuda MD, et al.
Persistence of cognitive impairment in geriatric patients following antidepres-
sant treatment: a randomized, double-blind clinical trial with nortriptyline and
paroxetine. J Psychiatr Res 2003; 37(2): 99–108.

31 Raskin J, Wiltse CG, Siegal A, Sheikh J, Xu J, Dinkel JJ, et al. Efficacy of duloxetine
on cognition, depression, and pain in elderly patients with major depressive
disorder: an 8-week, double-blind, placebo-controlled trial. Am J Psychiatry
2007; 164(6): 900–9.
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