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Cognitive impairment in Major Depressive Disorder (MDD) has been postulated to persist into remission.
However, inconsistent definitions of clinical remission, patterns and influencing factors, isolated cognitive tasks,
and the lack of appropriately matched controls (HCs) present significant limitations of previous studies.
Furthermore, studies investigating cognition in partially remitted patients are particularly scarce. This study
compares the cognition of MDD patients (N = 65) and HCs (N = 65), matched by one-to-one recruitment
strategy for age, sex, and education (ages 19-60). The neuropsychological (NPS) performance was measured via
an extensive NPS-test battery and analysed retrospectively, accounting for demographic and clinical variables.
Full remission was defined as HAMD cut off <7, partial remission as HAMD 8-18. The findings show entire MDD
group and partially remitted MDD with significantly poorer NPS performance compared to HCs, while remitted
MDD patients did not differ significantly from HCs. This underscores how critical a clear definition of remission
is to compare studies on MDD. The clinical variable ‘number of hospitalizations’ had a significant effect on
cognition, whereas current symptom severity did not correlate with performance on any cognitive domain.
Higher number of hospitalizations may be associated with higher burden of illness and greater neurobiological

“scar effects”.

1. Introduction

Cognitive impairment is an important characteristic of Major
Depressive Disorder (MDD) (Ravnkilde et al., 2002) and is associated
with poor treatment response and deteriorated everyday-functioning
(e.g., Rock et al., 2014). However, the extent of cognitive impairment in
MDD is disputed, and to date no specific profile has been found (Afridi
et al., 2011; Beblo, 2016). Cognitive deficits are mostly described for
the domains of memory, executive function, attention and psychomotor
speed (e.g., Lee et al., 2012). Persistence of deficits has been demon-
strated to last into remission (e.g., Hasselbalch et al., 2011). Some
studies report impairment (attention and executive functions) and re-
mission-related improvement (information processing speed and memory)
in specific cognitive domains (Douglas and Porter, 2009; Rock et al.,
2014). Other studies propose a generalized impairment profile in re-
mission, rather than the existence of selective deficits in specific cog-
nitive domains (Reppermund et al., 2009). Moreover, an unresolved
question remains whether cognitive deficits are attributable to mood
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symptoms, or arise rather out of underlying neurobiological alterations
(Murrough et al., 2011). Diverse patterns of cognitive impairment can
be found in remission, attributable to (a) state (during episodes of de-
pressed mood, e.g. psychomotor speed and memory performance;
(Lee et al., 2012); (b) trait (persistence into recovery, e.g. attention and
executive function) markers (Douglas and Porter, 2009); and (c) scar
features (progressive decline in cognitive function associated with the
onset/progression of MDD) (Allott et al., 2016).

Some demographic and clinical variables have been found to be
associated with cognitive impairment in MDD, such as onset of dis-
order, duration of illness, number of hospitalizations, depression se-
verity, subtype of depression (e.g., Elderkin-Thompson et al., 2003;
Hasselbalch et al, 2011; Nandrino et al., 2002), age (e.g.,
Hasselbalch et al., 2011), sex (e.g., Sarosi et al., 2008) and education
(e.g., McLaren et al., 2015). Various hypotheses exist regarding altered
neurobiological mechanisms in pathogenesis of MDD (e.g., hormonal
and structural brain changes as reviewed by aan het Rot et al., 2009,
which have been further associated with cognitive impairment (e.g.,
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Flow Chart 1. Participant flow chart with the original study (parent study) and sample for this retrospective re-analysis. Note. MDD = Major Depressive Disorder

group. HC = healthy control group.

Nissen et al., 2010; Schatzberg, 2015). Cognitive deficits have been
reported to be predictive of poor response to antidepressant treatment,
and to be associated with a higher risk of relapse (Dunkin et al., 2000;
Majer et al., 2004; Story et al., 2008). Persistent cognitive deficits in
remitted patients are assumed to contribute to poor psychosocial
functioning, to diminished workforce performance (Trivedi and
Greer, 2014), and possibly to poorer quality of life (Rock et al., 2014).
To address these conditions and develop new treatment strategies,
better knowledge about cognitive deficits in MDD is vital.

In this study, we investigated cognitive deficits in (partially) re-
mitted MDD patients, compared with healthy controls (HCs) who were
individually matched for age, sex and education by one-to-one re-
cruitment strategy. Most studies that examined cognitive impairment in
MDD vs. HCs compared the performance only of acute (e.g.,
(Baune et al., 2010) or remitted MDD patients (Bora et al., 2013;
Hasselbalch et al., 2011; Lee et al., 2012; Rock et al., 2014). The only
study with MDD patients in state of remission, from the aforementioned
meta-analyses that investigated neuropsychological (NPS) performance
in a wide age-range (19-60 years) and examined a large sample size,
employed a relatively small number of neuropsychological tests
(Preiss et al., 2009). Systematic studies on partially remitted MDD pa-
tients are still scarce, despite the obvious clinical relevance of remis-
sion-state, the fact that full recovery rates are very low, and the
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majority of patients who meet criteria of remission still suffer from
residual depressive symptoms (e.g., lovieno et al., 2011). Studies in-
vestigating NPS performance in partially remitted patients (age-range
19-60 years) have so far included only a small matched-sample size
(Biringer et al., 2007; Elderkin-Thompson et al., 2006; Hammar and
Ardal, 2013; Kaneda, 2009; Merens et al., 2008; Ruchsow et al., 2008;
Schmid et al., 2011; Strand et al., 2013; Westheide et al., 2007), lacked
an individualized matching for multiple demographic categories
(Merens et al., 2008), or didn't employ a wide NPS test battery
(Elderkin-Thompson et al., 2006; Hammar and Ardal, 2013; Kaneda,
2009; Lee et al., 2013; Ruchsow et al., 2008). However, differentiating
between full and partial remission seems to be of importance in ac-
quiring better knowledge about characteristics of cognitive deficits in
MDD remission. To our knowledge, this is the first study which over-
comes the above pitfalls with a large sample size to investigate differ-
ences between (partially) remitted MDD patients compared to matched
HCs, based on a one-to-one recruitment and matching strategy. The
NPS test battery used in this study tests a wide range of cognitive do-
mains. Moreover, all included domains are well defined and have a
short processing time, making the battery suitable for patients with
MDD (WTS, (Wiener Testsystem, 2012).

In sum, there is evidence for persistence of cognitive impairment in
(partially) remitted MDD patients. However, profile and clinical
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Sociodemographic and clinical variables for partially remitted and remitted group and healthy control group.

b

Group N Age® Sex Education®  Employ-Ment ~HAMD BDI-II MWT-B  Antidepressant M.  Remission duration'
MDD (total) 65 38.89 (14.26) 13M 52F SS=7 Yes = 46 8.78 (5.1) 15.56 (9.93) 32.08 Yes = 31 23 month
HE = 58 No? =19 (2.92) No = 34
Hc (total) 65 38.89 13 M 52F SS=7 Yes = 59 1.85 (1.99) 2.62 (3.17) 31.45
(14.20) HE = 58 No’=6 (2.75)
MDD (partial rem.) 37 39.49 (13.76) 10M 27F S§S=3 Yes = 25 12.59 (2.8) 20.21 (7.03) 32.35 Yes = 21" 23 month
HE = 34 No‘ = 12 (2.68) No = 16
MDD (rem) 28 38.11 (15.11) 3M 25F SS=4 Yes = 21 3.75 (2.19) 9.75 (10.06) 31.71 Yes = 108 23 month
HE = 24 No‘=7 (3.23) No =18

Note. N = number of cases; HAMD = Hamilton Rating Scale for Depression; BDI-II = Beck Depression Inventory II; MWT-B = Multiple Choice Vocabulary
Intelligence Test; MDD = patient group (Major depressive disorder); Hc = Healthy control group.

2 Age in years.

b Sex: M = male, F = female.
c
d Unemployed and on sick leave.
¢ Antidepressant medication.

Educational level: SS = Secondary school, HE = higher education entrance qualification.

f SSRI (n = 10), SNRI (n = 7), NaSSa (n = 2), TCA (n = 2), St John's Wort (n = 2), Agomelatin (n = 2), lithium (n = 1), antipsychotics (Quetiapine extended

release) (n = 1).
% SSRI (n = 7), SNRI (n = 2), TCA (n = 2), SMS (n = 1), SNDRI (n = 1).
! Mean Remission duration in month.

variables associated with these persistent cognitive deficits are not fully

understood, and studies lack a systematic analysis of clinical and de-

mographic variables regarding (partially) remitted patients.
Therefore, the aims of the current study were:

1) to verify and extend previously reported results of persistence of
cognitive impairment into (partial) remission of MDD vs. HCs with a
large, well-matched controlled sample;

2) to examine effects of clinical variables on the relationship between
MDD and NPS performance;

3) at the exploratory level to compare NPS performance of MDD pa-
tients vs. HCs when applying a HAMD cut-off for remission state
(<7) into two subgroups (fully vs. partially remitted group).

We predict worse cognitive performance in the entire MDD group
versus HCs, as well as in the partially remitted MDD group and remitted
MDD group.

2. Methods
2.1. Participants

The present inquiry is based on data originally collected within a
study investigating the correlation between serum calcium levels and
NPS performance in patients with MDD and matched HCs. It analyses
the data of Grutzner et al., 2018 from a different angle. MDD patients
(n = 109) and healthy controls (n = 79) were assessed between March
2016 and July 2017 (parent study), of whom a total of 130 individuals
entered the final sample for the current analysis (total MDD group:
n = 65, HC group: n = 65), see Flow Chart 1. In contrast to the calcium-
study (Grutzner et al., 2018), the present study also includes partici-
pants who took calcium and vitamin D supplementations and those who
didn't provide a blood sample (see, Flow Chart 1). All participants were
outpatients and recruited from contact with doctors and psychothera-
pists, flyer distribution, advertisements, newspaper articles, etc.

Patients (n = 65) received a main diagnosis of depressive disorder
(296.35/36 and 296.25/26) without psychotic symptoms according to
DSM-IV criteria (Sal} et al., 2003) for a singular depressive episode
(n = 18), a recurrent depressive episode (n = 47), or additional dys-
thymia (300.4) (n = 11) in full or partial remission. Diagnosis of MDD
was established previously by psychiatrists and confirmed by us with
structured clinical interview for DSM-IV (SCID-I) for past MDD
(Wittchen et al.,, 1997) and Mini International Neuropsychiatric

Interview (M.LN.L.) (Ackenheil et al., 1999) for current MDD or co-
morbidities.

Exclusion criteria to avoid potential effects on cognition other than
(partially) remitted MDD diagnosis were: acute depressive symptoms
using the 24-item Hamilton Rating Scale for Depression (HAMD) scores
=20 (Guy and Bonato, 1970) (adaption of Hamilton's original version;
(Hamilton, 1960); comorbid psychiatric disorders (DSM-IV axis 1)
within the previous 6 months; any history of psychotic symptoms;
current/past substance abuse (e.g., drugs, alcohol); suspected major
brain damage or other neurological diseases; dementia and any diag-
nosis of intellectual disability; estimated IQ less than 80 according to
the Multiple Choice Vocabulary Intelligence Test (MWT-B) (Lehrl, 2005);
physical illnesses or therapeutic interventions with potential effects on
cognition.

The HC group was individually recruited, matched for each MDD
participant by sex, age within a +/— 2-year range, and education level.
The same inclusion/ exclusion criteria applied, except none of the HCs
had any history of psychiatric disorders (screened via M.LN.L).

Based on these exclusion criteria, 44 MDD patients and 8 HCs were
excluded from further analysis, and additional 6 HCs did not enter
analysis because of missing matched pairs. In the MDD group co-
morbidities before the last 6 months prior to assessment included an-
orexia (n = 5), bulimia (n = 1) and anxiety disorders (n = 1). From the
entire MDD group (n = 65) n = 13 were proven to have personality
disorders assessed by structured clinical interview for personality dis-
orders (SCID-II) (Fydrich et al., 1997), n = 28 were full remitters (de-
fined by HAMD cut off <7, see Section 2.5.2.), while n = 37 were
partial remitters (HAMD 8-18, see Section 2.5.2.). For a detailed de-
scription of participant characteristics, see Section 3.1 and Table 1.

The study design was approved by the local medical ethics com-
mittee (S-106/2012) in accordance with the World Medical
Association's Declaration of Helsinki (October 2013). It was ensured
that all participants provided written informed consent at the beginning
of assessment.

2.2. Questionnaires and interviews

Clinical assessment and NPS testing were conducted individually by
one examiner (psychologists or trained researcher under supervision of
an experienced clinician). Assessments took place in the morning and
lasted about 4-5 hours for MDD group and approximately 3 h for HCs,
including a break halfway through the session. For both groups the
order of presented tests was held the same. Prior to NPS testing,
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assessment started with getting informed consent, drawing the blood
sample for the calcium-study, and administering a socio- demographic
interview and interviews/tests relevant for exclusion/inclusion criteria:
MWT-B (Lehrl, 2005), 24-item HAMD (Guy and Bonato, 1970), SCID-I
for past MDD (Wittchen et al., 1997), SCID-II (Fydrich et al., 1997),
M.LN.L (Ackenheil et al., 1999) and Beck Depression Inventory (BDI-II)
(Hautzinger et al., 2006) for participants’ subjective symptom severity.

2.3. Neuropsychological assessment

NPS assessment started with the computerized test battery CogBat’
and WAF-S test of the Vienna test system (WTS,
(Wiener Testsystem, 2012). After a short break, paper-pencil tests were
conducted. All tests were selected based on previous research on cog-
nitive impairment in MDD and according to recommendations of the
German “Gesellschaft fiir Neuropsychologie” (GNP; engl. Society for
Neuropsychology) (Gauggel and Sturm, 2005).

Following cognitive domains were assessed:

1) Information Processing Speed via subtest Trail Making Test A
(Langensteinbach version; TMT-A) of WTS
(Wiener Testsystem, 2013) and additional paper-pencil version of
Symbol Coding Task, taken from the Wechsler intelligence scale for
adults (Aster et al., 2009);

2) Attention via subtest Alertness (WAF-A), Divided attention (WAF-G)
and Selective attention (WAF-S) of WTS;

3) Working Memory via subtest Nback verbal (NBV) of WTS;

4) Learning and Memory — Figural memory via Figural Memory Test
(FGT) of WTS and Verbal memory via the German version of the
California Verbal Learning Test (CVLT) (Niemann et al., 2008);

5) Executive function — Response Inhibition via subtest Go-Nogo-INHIB,
Cognitive Flexibility via Trail Making Test- B (TMT-B) and Planning
ability via Tower of London-TOL (TOL-F) of WTS. For detailed de-
scription of tests, see supplementary material S1 in Grutzner et al.,
2018. In order to combine the different tests into broader cognitive
domains, all raw NPS test parameter scores were transformed into
standardized (z) scores, using the sample of the parent study as the
norm group, and polarised into one direction with higher z-scores
indicating better NPS performance. Relevant z-scores of the in-
dividual tests were then further averaged to yield respective cog-
nitive domain z-transformed scores (Liao et al., 2017; Yeh et al.,
2011). For measuring a generalized cognitive deficit, a composite
score was calculated by averaging all domain scores (NPS compo-
site). We preferred this procedure over analysing every single one of
our 19 raw test parameter scores (Grutzner et al., 2018) in order to
(1) examine broader neurocognitive domains, (2) to reflect under-
lying theoretical cognitive constructs, rather than single tests, (3) to
limit multiple testing issues by formulating directed hypotheses for
performances in the most important cognitive domains described in
literature.

2.4. Medication

Of all MDD patients, N = 31 took antidepressant medication.
Among those, n = 17 took Selective Serotonin Reuptake Inhibitors
(SSRI), n=9 Selective Serotonin-Noradrenalin-Reuptake-Inhibitors
(SNRI), n = 2 Noradrenergic and Specific Serotonergic Antidepressant
(NaSSa), n = 4 Tricyclic antidepressants (TCA), n = 2 St John's Wort,
n = 2 Agomelatin, n = 1 Serotonin Modulators and Stimulators (SMS),
n =1 Selective Norepinephrine and Dopamine Reuptake Inhibitors
(SNDRI), n = 1 lithium, and n = 1 antipsychotics (Quetiapine extended
release). For a detailed overview of antidepressant medication among
remitted and partially remitted patients, see Table 1.
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2.5. Data analysis

2.5.1. MANOVA and regression analysis

Data analyses were performed using SPSS, version 25. The sig-
nificance threshold was set at p < 0.05. Overall performance on neu-
ropsychological testing among MDD vs. HC was compared using mul-
tivariate analysis of variance (MANOVA) with neuropsychological
performance (five domain scores) as repeated measure factor, and
group (whole MDD group vs. HC group) as group factor, followed by
univariate ANOVAs. To select appropriate predictor variables for the
following regression analyses, correlation (two-tailed Pearson's corre-
lation) was examined between dependent variables — NPS composite —
and all possibly relevant clinical variables selected on the basis of ex-
isting literature (illness duration, number of hospitalizations, number of
previous episodes, age of onset, comorbidities, dysthymia and HAMD)
(Elderkin-Thompson et al., 2003; Hasselbalch et al., 2011; Nandrino
et al, 2002) and demographic variables (age and education)
(Hasselbalch et al., 2011; McLaren et al., 2015; Sarosi et al., 2008) for
the entire MDD group (n = 65), see supplementary material Table S1.
Only when NPS composite correlated statistical significant, correlation
between domain scores and clinical variables was examined (nested
testing), applying Bonferroni-Holms correction. Subsequently, back-
ward stepwise regression analysis was employed with NPS composite
and the domains of executive function, learning and memory and in-
formation processing speed as dependent variables. This was done to
examine the unique contribution of each factor from the nested testing
approach (age, number of hospitalizations and age of onset) that was
significantly correlated with NPS performance to the percentage of
variance explained by the model. Since attention and working memory
did not correlate with any of the three clinical variables, no regression
analysis was calculated. Influence of medication on cognition was in-
vestigated via correlation between NPS domains and medication, and in
the backward stepwise regression model.

2.5.2. Exploratory analysis

To explore the possible influence of full remission on NPS perfor-
mance, the total MDD group (n = 65) was divided by 24-item HAMD-
cut off <7, as employed in previous studies (Hasselbalch et al., 2012;
Rush et al., 2006), into remitted (HAMD <7, n = 28) and partially
remitted patients (HAMD 8-18, n = 37) (HAMD range in the whole
sample: 0-18, mean remission-duration see Table 1). Since most clinical
studies have cited the Hamilton's original 1960 or 1967 HAMD-version,
yet using new versions without specifying which version they really
used, comparability among studies and implementing cut offs is quite
difficult (Williams, 2001). In this study, we used the 24-item HAMD
version as it covers more areas of symptoms, has a wider variance and
was clinically used as rating instrument in the university hospital of
Heidelberg where the study was conducted. These considerations had
more weight even though HAMD-6 has been found to be superior in
terms of scalability and discriminating antidepressants from placebo
(Kyle et al., 2016). It has been argued that 17-item HAMD cut off <7 is
set too high and should be lowered (Zimmerman et al., 2012), since
many patients still show residual depressive symptoms (Kaneda, 2009).
Although cut off score for remission for the 24-item HAMD has been
proposed to be <10 (Kellner et al., 2006; Kyle et al., 2016), we still
decided to use a more stringent cut-off score <7 to eliminate residual
depressive symptoms. The HAMD cut-off score for partial remission was
set 8-18, as has been done in existing literature (Paykel, 2008). Overall
performance on neuropsychological testing among the three groups
(remitted versus partially remitted versus healthy controls) was com-
pared using multivariate analysis of variance (MANOVA), followed by
Bonferroni post hoc analysis to identify between group differences.
Before conducting the MANOVA, group differences for socio-demo-
graphic characteristics (age, sex, education) between the three groups
(remitted versus partially remitted versus healthy controls) were ex-
amined using ANOVAs and chi square tests (for categorical variables).
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Comparison of clinical variables between partially remitted and remitted patients.
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Variable Partially R. (n = 37) M, SD (for metric v.) / frequency Remitted (n = 28) M, SD (for metric v.) / frequency ~ Test statistics and p-values®
(for categorial v.) (for categorial v.)

HAMD 12.59 = 2.81 3.75 = 2.19 F(1,63) = 189.655, p < 0.001“***
BDI-II 20.21 + 7.03 9.75 + 10.06 F(1,61) = 23.540, p < 0.001°***
Previous episodes 3.22 + 2.26 3.07 = 3.04 F(1,62) = 0.046, p = 0.831
Comorbidities™ 0.11 = 0.315 0.18 = 0.390 F(1,63) = 0.650, p = 0.423
Personality disorder 0.32 + 0.580 0.11 + 0.315 F(1,63) = 3.203, p = 0.078
Number of hospitalizations® 1.08 + 1.34 0.57 *= 0.920 F(1,63) = 2.977, p = 0.089
Illness duration® 10.05 =+ 8.41 6.48 + 8.04 F(1,62) = 2.922, p = 0.092

Age of onset 27.22 = 11.66 28.19 = 12.2 F(1,62) = 0.104, p = 0.749

Dysthymia
Antidepressant medication

Yes = 10, No = 27
Yes = 21, No = 16

Yes =1, No = 27
Yes = 10, No = 18

x*(1) = 6.237, p = 0.013
x%(1) = 2.829, p = 0.093

Note. M = mean; SD = standard deviation. p < 0.05, two-tailed.
@ Previous to the last six month before assessment.

b Fyll MDD group: range 0-5, M = 0.86, SD = 1.2; partial remitted: range 0-5, M = 1.08, SD = 1.34; remitted: range 0-3, M = 0.57, SD = 0.92).

¢ From beginning of first diagnose.
Remitted versus partially remitted MDD patients.

Remitted and partially remitted groups (from exploratory re-analysis)
were compared for clinical characteristics using univariate one-way
ANOVAs (and additional chi-square test for categorical variables).

3. Results
3.1. Demographic and clinical characteristics of the sample

The entire MDD group (remitted and partially remitted MDD pa-
tients together) and HC group did not differ significantly with regard to
socio-demographic characteristics due to matching strategy. Details of
socio-demographic characteristics of the entire MDD group and the HC
group are provided in Table 1. The three groups in the exploratory
analysis—remitted, partially remitted, and healthy controls—did not
differ significantly with regard to socio-demographic characteristics
either. Univariate one-way ANOVA and additional chi-square test for
the categorical variables found no significant differences between these
groups for age, sex, or education (age: F(2,127) = 0,074 p = 0.928, sex:
x%(2) = 0.141, p = 0.266, education: x%(2) = 0.070, p = 0.729).
Table 2 shows clinical characteristics (including medication) for the
partially and remitted MDD groups. Furthermore, medication had no
statistically significant influence on differences between remitted and
partially remitted patients (see Table 2), nor on cognition in the whole
MDD group, the partially remitted MDD group, or the remitted MDD
group.

3.2. Differences of NPS performance between total MDD vs. HC group

MANOVA revealed a statistically significant difference in neu-
ropsychological performance based on illness state (MDD vs. HCs), [F
(5, 124) = 2.722, p = 0.023; Wilk's A = 0.901, partial n2 = 0.099
d = 0.66]. Illness state had a statistically significant effect on attention
[F(1, 128) = 7.14; p = 0.009; partial n2 = 0.053 d = 0.47], learning
and memory [F(1, 128) = 9.37; p = 0.003; partial n2 = 0.068 d = 0.54]
and working memory [F(1, 128) = 3.96; p = 0.049; partial n2 = 0.03
d = 0.35], with lower performance for the MDD group. Illness state did
not have a statistically significant effect on information processing speed
[F(1, 128) = 3.9; p = 0.05; partial n2 = 0.03 d = 0.35] and on execu-
tive function. Mean z-scores, standard deviations and test statistics for
NPS performance of total MDD group and HCs (n = 65; n = 65) are
given in Table 3.

3.3. Impact of clinical variables on NPS performances in MDD

Factors that showed significant correlation with NPS performance in

Significant with Bonferroni- Holm correction: * p < 0.05, ** p < 0.01, *** p < 0.001.

the entire (partially and remitted) MDD group on the nested testing
approach were age, number of hospitalizations and age of onset (for
detail see supplementary table S1). HAMD measuring symptom severity
did not reach significance for correlation (supplementary table S1).
Medication had no influence on any target variable. The backward
stepwise regression model (with following integrated factors: age,
number of hospitalizations and age of onset) for NPS composite was
significant (F(2,61) = 13.904, p < 0.001, adjusted R? =0.291). In the
final model only age of onset (§ = —0.436, p < 0.001) and number of
hospitalizations (8 = —0.316, p = 0.004) remained significant pre-
dictors. For learning and memory the backward stepwise regression
model was significant (F(1,62) = 15.974, p < 0.001, adjusted
R?=0.192) with age (8 = —0.453, p < 0.001) as significant con-
tributor in the final model. For executive function the backward stepwise
regression model was significant (F(2,61) = 11.314, p < 0.001, adjusted
R? = 0.247) with hospitalizations (8 = —0.298, p = 0.010) and age
(8 = —0.367, p = 0.002) as significant contributors. The backward
stepwise regression model for information processing speed was sig-
nificant (F(2,61) = 25.424, p < 0.001, adjusted R? = 0.437) with age
(8 = —0.582, p < 0.001) and number of hospitalizations (8 = —0.238,
p = 0.017) as significant contributors in the final model. The backward
stepwise regression model for working memory and attention did not
reach significance. For detailed information about regression analysis
see supplementary Tables S2-S5. Range, mean and standard deviation of
the number of hospitalizations for the partially remitted, remitted and
entire MDD group are given in Table 2. Scatter plots showing trend
lines for correlation between NPS performance (attention, learning and
memory, executive function, Information processing speed, working memory
and NPS composite) and number of hospitalizations are provided in sup-
plementary material Fig. S2.

3.4. Exploratory analysis: Differences in NPS performance due to remission
state

MANOVA showed significant difference between the three groups
(remitted vs. partial remitted vs. HCs) on overall cognitive functioning
[F(10, 246) = 2.080, p = 0.027; Wilk's A. = 0.850, partial n2 = 0.078
d = 0.58]. Bonferroni post hoc comparisons revealed statistically sig-
nificant difference for attention [F(2, 127) = 4.176; p = 0.018; partial
n2 = 0.062 d = 0.51], with significantly lower scores (p = 0.015) for
partial remitted patients compared to HCs (—0.3187, %- CI
[—0.5898,—0.0476]); for learning and memory [F(2, 127) = 5.015;
p = 0.008; partial n2 = 0.073 d = 0.56], with significantly lower scores
(p = 0.009) for partial remitted patients compared to HCs (—0.4117,
%- CI [—0.7407,—0.0828]); and information processing speed [F
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Table 3
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MANOVA for comparison of NPS performance between total MDD group (n = 65) and HCs (n = 65).

Dependent variable total MDD group (n = 65) M, SD

Controls (n = 65) M, SD

Independent variable (illness-state)

NPS Performance®

[F(5, 124) = 2.722, p = 0.023; Wilk's A = 0.901, d = 0.66]

Attention —0.0114 + 0.587 0.2431 = 0.495 F(1, 128) = 7.14; p = 0.009; d = 0.47
Learning and memory —0.0002 *= 0.795 0.3529 + 0.483 F(1, 128) = 9.37; p = 0.003; d = 0.54
Executive function 0.0572 + 0.378 0.1651 + 0.368 F(1,128) = 2.725,p = 0.101 d = 0.29
Information processing speed 0.0663 + 0.763 0.3129 + 0.658 F(1, 128) = 3.9; p = 0.05; d = 0.35

Working memory —0.0194 = 0.705 0.243 + 0.797 F(1, 128) = 3.96; p = 0.049; d = 0.35

Note. M = mean; SD = standard deviation.
Overall Model of neuropsychological performance.
*p < 0.05, two-tailed

(2,127) = 3.592 p = 0.03, partial n2 = 0.054, d = 0.48], with sig-
nificant lower scores (p = 0.028) for partial remitted patients compared
to HCs (—0.3833, %- CI [—0.7360,—0.0306]). Performance in execu-
tive function and working memory did not differ statistically significant
for the three different groups. For detail see bar figures in supplemen-
tary material Fig. S1.

4. Discussion

The present study aimed to investigate NPS performance in (par-
tially) remitted MDD patients and HCs and examined clinical factors
that might contribute to their cognitive performance. Since persistence
of cognitive deficits into remission has been described in literature to
affect approximately between one-third and one-half of remitted pa-
tients (e.g., Jaeger et al., 2006; Reppermund et al., 2009), we expected
worse cognitive performance in the entire MDD group versus HCs. Our
results confirmed cognitive deficits in the entire MDD group with sig-
nificantly worse performance in the domains of attention, learning and
memory, working memory as well as overall neuropsychological perfor-
mance, compared to individually matched HCs. The post hoc analysis
for the separate groups based on remission state (partially remitted and
remitted patients) compared to HCs showed the expected significant
poorer performance of partially remitted patients compared to HCs in
almost all cognitive domains. Our results did not detect significant
differences between remitted MDD patients and HCs for NPS perfor-
mance, even though remitted patients performed worse than HCs.
When comparing partially remitted and remitted MDD patients, groups
did not differ significantly. Also for this group comparison, it was evi-
dent from mean values for NPS performance that partially remitted
patients exhibited poorer performance compared to remitted patients,
although differences did not reach significance. Nevertheless, compar-
ison with HCs indicate possible differences in cognitive performance in
remitted vs. partially remitted state.

Existing discrepancies in literature about persistent cognitive defi-
cits in remitted state, especially in the domain of attention and in-
formation processing speed, (Hasselbalch et al., 2012; Majer et al.,
2004) and/or improvement of cognitive deficits in full remission
(HAMD <7) (e.g., Biringer et al., 2005; Roca et al., 2015) might be due
to several factors. One reason may be the heterogeneity in defining
clinical remission (as shown in the three full, partial and full/partial
remission together) “remission-state” groups in this study. Several
studies report deficits in assumed ‘full’ remission (or at least not defined
partial remission) included samples that might be defined more as
‘partially’ remitted patients: HAMD <9 the last week before discharge
(Reppermund et al., 2009); 21-item HADRS <10 at discharge
(Majer et al., 2004); just recovered after six weeks of treatment with
unstable state (Xu et al., 2012). Likewise, studies reporting varying
severity of cognitive deficits in remission could have been influenced by
the length of reassessment interval in longitudinal designs (e.g.,
Biringer et al., 2005; Roca et al., 2015).

Another reason for existing discrepancies about persistent cognitive
deficits might be the variability of clinical characteristics of the sample
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(e.g., number and duration of episodes, medication) (Elgamal et al.,
2010). Worse performance might be due to higher impact of severity-
related factors like longer duration of inpatient hospitalization
(Neu et al.,, 2001). Our results showed clinical factors influencing
cognitive performance, since higher number of hospitalizations, and
earlier age of onset exerted a negative effect on NPS performance (see
supplementary table S1). These results are in line with several other
studies (Elgamal et al., 2010; Gorwood et al., 2008; Purcell et al., 1997;
Westheide et al., 2007).

Other reasons might be the overall inconsistency in the measure-
ment of symptom severity among studies (McClintock et al., 2010).
Interestingly in our sample, severity of residual depressive symptoms,
measured by HAMD and BDI-II, was not correlated with any of the NPS
performances. These findings are in line with previous studies that
found no measures (Elgamal et al., 2010) or only one measure (SWM
test- executive function) (Reppermund et al., 2009) to be correlated
with severity of symptoms. It may be that relatively low intensity of
psychopathological symptoms in partial or full remission do not con-
tribute to cognitive impairment (Reppermund et al., 2009), but may
influence cognition at a higher level of symptom severity. Finally, there
is a relatively lack of longitudinal studies measuring NPS performance
in acute as well as partially and/or fully remitted states in the same
individual.

In sum, the heterogeneity in defining clinical remission and the
variability of clinical characteristics among samples might contribute to
the lack of a definitive neuropsychological profile following MDD re-
mission. As the cognitive profile and influencing factors might be dif-
ferent between remitted and partially remitted patients, an overall
equivalent definition of partially remitted and remitted patients is
lacking. This, too, might mask the differences in MDD remission
throughout existing studies. Therefore, future studies should focus on
these differences and employ more stringent remission definitions to
acquire a better knowledge.

Further exploratory regression analyses in the entire MDD group
revealed the number of hospitalizations as a clinical factor with sig-
nificant independent contribution to performance on NPS composite,
executive function and information processing speed.

This study indicates in a rather exploratory way that cognitive
deficits in MDD and differences in performance between remitted and
partially remitted MDD patients could be mediated by factors that
contribute to a higher number of hospitalizations rather than by actual
residual symptom severity. However, in the acute phase of MDD, cur-
rent symptom severity may have a greater impact on cognition
(Elderkin-Thompson et al., 2003; McDermott and Ebmeier, 2009). Our
findings that the number of hospitalizations is associated with worse
NPS performance is in agreement with existing literature, which re-
ported patients with past hospitalization to be more impaired in ex-
ecutive function (Purcell et al., 1997) and information processing speed
(Elgamal et al., 2010), compared to non-hospitalized patients or those
with fewer hospitalizations. The covariate number of hospitalizations
could therefore be an indicator for an underlying disease dimension,
which may introduce greater scar effects (Allott et al., 2016) and



T.M. Griitzner et al.

therefore mediate cognitive deficits in the pathogenesis of MDD.
Number of hospitalizations was independent from acute symptom se-
verity as measured by HAMD/BDI-II.

Various neurobiological alterations or causes of progressive neuro-
cognitive scarring (Allott et al., 2016) that have been postulated to
cause cognitive deficits could also be involved in the factor number of
hospitalizations. Scarring associates the progressive decline in cognitive
function with the onset/progression of MDD, and may represents a
greater burden of illness with more severe underlying neurobiological
alterations that cause the cognitive deficits rather than the current
symptom severity (at least in different remission states) (Allott et al.,
2016).

Neurobiological alterations could be, for instance, hypercortiso-
laemia (e.g., Gomez et al., 2009), low serum levels of brain-derived
neurotrophic factor (e.g., Diniz et al., 2014), alterations in long-term
synaptic plasticity (Nissen et al., 2010), and/or earlier cognitive decline
due to potential early reversed calcium signalling (Grutzner et al.,
2018). These various conditions may explain the unspecific impairment
profile in MDD (Reppermund et al., 2009).

4.1. Limitations, directions for future research and conclusions

Causality between neurobiological alterations and remission state
cannot be determined in this study. The factors that contribute to the
variable number of hospitalizations could be various, and we are not
aware of factors such as certain life events or higher burden of illness.
As we cannot measure these possible other factors contributing to the
variable number of hospitalizations, this has to be considered as a lim-
itation of this study. Other limitations to be taken into account are the
cross-sectional design of the study, that ‘remission state’ has not been
the primary outcome variable, the possible contribution of age and sex,
multiple comparisons and the risk of masking profile differences by
pooling different test to a single domain as well as unknown effects of
treatment.

The present study has several strengths such as the large total
sample size (MDD group: n = 65), the one-to-one recruitment and
matching strategy (on age, sex and education) (n = 65), and an ex-
tensive NPS test battery well-normed and suited for patients with MDD.
In sum, the present results add important knowledge about the degree
to which cognitive impairment persists into remission, and it outlines
clinical variables influencing cognition in MDD. The topic of cognitive
deficits in remission is important due to negative impacts on psycho-
social functioning and possibly poorer quality of life (Rock et al., 2014)
and the evidence that recovering from depression does not necessarily
mean normalization of neuropsychological function. However, there is
still a lack of knowledge about a definitive neuropsychological profile
in remission of MDD. Therefore, more information is needed about
cognitive function in remission and clinical variables influencing cog-
nition in MDD. The results show poorer cognition in the entire MDD
group, and in particular the partially remitted MDD group, compared to
healthy controls, indicating that different MDD groups are affected
differently by cognitive deficits. Furthermore, the results indicate that
cognitive deficits in remission states do not depend on acute symptom
severity, but rather on ‘underlying disorder severity’ or so called ‘scar
effects” (Allott et al., 2016) that may be reflected in the number of
hospitalizations. If neurocognitive scarring is a mechanism of cognitive
deficits in MDD, future research should focus on neuropsychological
and biological interventions targeting these pathological mechanisms.
Future studies should collect data on clinical variables in a more stan-
dardized way and should aim to include homogenous patient groups,
taking into account illness-severity-related factors along the course of
the disease. Furthermore, future studies should investigate differences
between remitted and partially remitted patients in a longitudinal de-
sign, employing larger sample size. They should also examine the
contribution of biological markers to their illness state, stimulating
research on new drugs and neuropsychological treatments, see review
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on intervention in this area (Listunova et al., 2018), that target various
underlying neurobiological alterations of MDD.
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