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Abstract

The aim of this study was to examine the neurocognitive deficits associated with the first episode of major depressive disorder
(recent onset depression, ROD) in adolescents as compared to adult patients. Cross-sectional neurocognitive data from the
baseline assessments of the PRONIA study with N=650 (55.31% females) were analyzed. Based on a principal component
analysis of eleven neurocognitive tests, we constructed an overall neurocognitive performance (NP) score. We examined
mean score differences in NP between the groups of healthy controls (HC) and ROD and between adolescents (15-21 years)
and adults (22—40 years) within a GLM approach. This accounts for unbalanced data with focus on interaction effects while
controlling for effects of medication and educational years. Our results show lower NP for the ROD as compared to the HC
group (d=— 0.29, p=.046) and lower NP for the adolescent group as compared to the adult group (d=— 0.29; p <.039).
There was no interaction between these two group effects (F=1.11; p=.29). Our findings suggest that the detrimental effect
of ROD on neurocognitive functioning is comparable in adolescent and adult patients, since lower scores in adolescent
patients are explained by effects of age and education. Neurocognitive impairment is an under addressed issue in clinical
treatment guidelines for adolescent MDD. We suggest efficient monitoring in clinical practice by using an aggregate of the
Digit Symbol Substitution Test and the Trail Making Test B, which highly correlated with the overall score of NP (r=0.82).
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Introduction

Major depressive disorder (MDD) represents one of the most
common psychiatric diseases and has debilitating effects on
communities worldwide. In Europe, it has a point prevalence
of 6.38% [1]. While the first onset of MDD often occurs
between 20-30 years of age, it also peaks in adolescence,
during which the 1 year prevalence is estimated at 8% [2, 3].

In addition to the mood-altering symptoms of MDD, neu-
rocognitive impairments are very common and have been
identified as core symptoms of MDD [4-6]. Commonly
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MDD affects multiple cognitive domains, including work-
ing memory, attention, and psychomotor processing speed,
occurring in up to 30% of patients [7-9]. Patients report sub-
jective symptoms such as problems with concentration and
memory, often causing a loss of self-esteem in the context
of working performance, loss of productivity at work and
loss of employment [10, 11]. Neurocognitive deficits are
associated with poor treatment response and poorer social
and occupational outcomes [11-14]. Detecting neurocogni-
tive impairment is therefore highly relevant for treatment,
as neurocognitive impairment has been shown to persist in
MDD for several years [10].
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Adolescence and neurocognitive impairment

Despite this well-documented relevance of neurocogni-
tive impairment for the overall sequelae of MDD, little
attention has been paid to this aspect of MDD regarding
diagnostic and treatment guidelines of MDD in the field
of child and adolescent psychiatry.

There are few studies that have examined neurocog-
nitive impairment in young adults and adolescents with
MDD [6, 15]. They have shown that an early onset of
depression in adolescence is associated with a worse
prognosis, more severe symptoms and is more resistant to
treatment than adult onset MDD [16-19]. It also increases
the risk for relapse, and each episode increases the risk of
further recurrence [20-23].

Impairments in executive functions in adolescent MDD
seem to represent a state which correlates with the sever-
ity of the depressive episode and fluctuates accordingly
[24, 25]. These results are consistent with findings in adult
patients with MDD. Some findings suggest that there are
differences in the persistence of neurocognitive impair-
ments between adults and adolescents with MDD. Accord-
ing to a study by Maalouf and colleagues [24], adolescents
with neurocognitive impairment during an MDD episode
were unimpaired after remission from their affective symp-
toms, while in the adult patient group the neurocognitive
impairments persisted. However, samples of adult patients
with MDD in previous studies were confounded with
longer durations of disease. Therefore, it is impossible to
determine wherever such differences are due to the shorter
duration of disease in previous adolescent samples or the
greater plasticity of the juvenile brain.

Neurocognitive impairment as treatment target

Regarding treatment recommendations addressing neu-
rocognitive impairment in MDD, the evidence is sparse.
Cognitive remediation is a common therapy element in
diseases such as e.g. schizophrenia, but it is not a standard
recommendation in the treatment of MDD. Some studies
suggest that it might have beneficial effects in the treat-
ment of MDD [26, 27]. Neurocognitive impairments may
interfere with the efficacy of other therapies, e.g. cognitive
behavioral therapy, which requires a certain level of cogni-
tive functioning [28].

Regarding the use of medication, neurocognitive per-
formance (NP) is usually not a primary outcome target in
therapy studies, especially those that include adolescents
with MDD. SSRIs (selective serotonin reuptake inhibitors)
and SNRIs (serotonin and norepinephrine reuptake inhibi-
tors) have been shown to correlate with improvements in
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working memory and psychomotor speed, and executive
function such as inhibition of automated responses and
planning [29, 30].

Objectives of the study

Our main research question was whether differences in
neurocognitive impairments exist between adolescent
(15-21 years old) and adult (22—40 years old) patients pre-
senting with a first episode of MDD. Studies have shown
that adolescent brain maturation continues up to an age of
24 years [31]. However, in clinical settings, patients above
18 years of age are mostly treated as adults. We applied the
definition used by both the American Academy of Pediatrics
and the German medical system, which allows for medical
treatment in pediatric health care up to the age of 21 years
[32]. Therefore, our age groups were formed based on dif-
ferent neurodevelopmental stages and on a differing access
to medical and mental health care. We hypothesized that an
onset of MDD in the critical neurodevelopmental stage of
adolescence may have more detrimental effects on neurocog-
nitive function than a later onset of MDD, due to a longer
period of unaffected brain development into adulthood. We
also examined the various domains of neurocognitive func-
tion in which neurocognitive impairments may occur. Our
sample was well suited to this objective, as the PRONIA data
exclusively included individuals with first onset MDD. This
notably allowed us to rule out cumulative effects that are
inherent in a longer duration of the disease in adult patients.

Methods
Sample

For our study, we used the data derived from the PRONIA
project (Personalized Prognostic Tools for Early Psychosis
Management), a study designed to profile and predict the
outcome of patients with early detected risks for and first
episodes of psychosis and MDD. We combined the discov-
ery (N=441) and replication subsamples (N=311) of the
PRONIA sample into one data set (N =752) in the age range
of 15-40 years old [33].

For analysis, we only included the cross-sectional data
of participants in the PRONIA sample classified as healthy
controls (HC) or recent onset depression (ROD) at baseline.
For HC, exclusion criteria included a diagnosed axis 1 psy-
chiatric disorder, having a first degree relative with an affec-
tive or non-affective psychotic disease and taking any antip-
sychotic or psychotropic medications (any time in the month
preceding the trial or more than 5 times a year). Partici-
pants in the ROD group had to fulfill the criteria for MDD
for the first time within the last 3 months, as described by
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the Structured Clinical Interview for DSM-IV-TR (SCID).
Exclusion criteria included prior MDD episodes predating
the current episode and a duration of the episode of more
than 24 months, as well as an IQ lower than 70 points. Par-
ticipants taking antipsychotic medication above a certain
dosage were excluded by the original study. Additionally,
we excluded participants taking stimulating medication (e.g.
methylphenidate). We retained the participants taking anti-
depressants or any centrally sedating medication, i.e. pre-
dominantly neuroleptics or benzodiazepines (see Appendix
A for alist of substances) [33]. This distribution of patients
with medication is described in Table 1. Because medica-
tion may influence NP, it is treated as a covariate within our
analysis. Furthermore, we excluded N =9 participants within
the HC group with increased depression scores in the BDI-II
above the cut-off suggested by Dolle et al. (2012) from our
analysis to strengthen the internal validity of the planned
comparison [34]. N =89 participants were excluded due
to missing data. Our analysis is based on N =650 subjects
which show singular missing data on different variables.

Neurocognitive measures

The eleven neurocognitive tests of the PRONIA battery,
which were applied no later than 3 months after the first
onset of the depressive episode, were comprised of the fol-
lowing subset: Digit Symbol Substitution Test, Trail Making
Test A and B, the Digit Span Test, the Self-Ordered Pointing
Task, the Continuous Performance Test, the Rey-Auditory
Verbal Learning Test, The Verbal Fluency Tasks, The Rey-
Osterrieth Complex Figure Test, The Diagnostic Analysis
of Non-Verbal Accuracy. A short description for each test is
given in Appendix A.

Data preprocessing

After excluding the salience-attribution test due to missing
data, we checked the remaining missing data by running
our analysis without any imputation, with mean score impu-
tation and with multiple imputation. We did not observe
any differences with respect to our main hypothesis testing
results. In Table 2 the descriptive test scores are reported
without imputation, but the multivariate analyses are based
on a mean score imputation. All neurocognitive tests scores
were checked for severe deviation from a normal distribution
and transformed accordingly. Scores for the neurocognitive
domains and the overall score are based on neurocognitive
tests in z-scored metric. To facilitate interpretation, some
scores were mirrored; thus, higher scores always reflect bet-
ter neurocognitive performance.

Data analysis strategy

We aimed to test mean score differences in NP between ado-
lescent vs. adult and health status HC vs. ROD and their
interaction (HC_adol, HC_adult, ROD_adol, ROD_adult).
Generalized Linear Models with SAS GLM (SAS 9.4; Type
III) were applied with a Tukey—Kramer adjustment for mul-
tiple testing and to account for unbalanced data. The number
of educational years and antidepressive or sedating medica-
tion were covariate variables. We report mean scores for
the tests according to the factors named above both for the
original (not imputed and not adjusted for covariates) as well
as the GLM estimated mean scores. These were adjusted for
all remaining variables in the model and Cohens effect size
D, which was based on mean score differences and pooled
variance estimates. The hypothesis testing was applied on
the adjusted mean score.

Table 1 Clinical and

X L Total HC ROD
demographic sample description

Adolescent  Adult Adolescent Adult
N 650 56 356 22 216
Female, N (%) 55.31 53.57 60.11 54.55 50.93
Mean years of age (SD) 28.40 (6.23)  19.82(0.97) 29.69 (5.55) 19.59 (1.62) 29.38 (5.90)
BDI-II mean score (SD) 11.61 (14.24) 6.07 (4.75) 2.89(3.65) 24.29 (17.39) 26.57 (13.60)
Mean years of education (SD) 15.42 (3.16)  11.27 (1.46) 16.62 (2.72) 10.94 (1.76)  14.65 (2.91)
Medication (% by column)
no medication % 69.38 100 96.35 68.19 17.13
Antidepressants % 27.54 0 1.40 27.27 78.78
sedating % 16.00 0 2.25 22.73 42.13
Antidepressants +sedating %  12.92 0 0 18.18 37.04

HC healthy control, ROD recent onset depression, SD standard deviation
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Table 2 Basic descriptive of eleven neurocognitive test scores for total and subsamples

Total Healthy control Recent onset depression
Adolescent Adult Adolescent Adult

N M SD M SD M SD M SD M SD
1. Digit symbol substitution test [correct responses] 648  63.82 1149 62.00 10.15 65.68 10.81 61.24 13.14 6147 1224
2. Trail making test A [seconds] 650 2890 10.57 32.62 942 2731 881 3094 12.74 3035 12.66
3. Trail making test B [seconds] 649 60.14 2228 66.10 18.72 5620 1891 72.52 28.56 63.85 25.96
4. Digit span test [correct responses] 647 17.31 397 1645 330 1798 3.80 1541 4.00 16.63 4.19
5. Self-ordered pointing test [errors] 648 743  5.03 7.96  5.69 6.85 4.68 9.14 457 8.06 5.34
6. Continuous performance test [correct responses] 649 272.46 1543 266.82 14.26 274.68 1297 26223 16.77 271.31 18.23
7. Rey-auditory _total [correct repetition] 575 5982 795 5643 829 6145 7.13 5638 8.86 5871 8.37
8. Rey-auditory _learning [correct repetition] 576 5.14 234 579 194 492 238 548 2.82 524 230
9. Verbal fluency test [word count] 649 1523 500 1373 405 16.10 5.15 12.14 381 1450 4.76
10. Rey-osterrieth figure [correct features] 640 3459 228 3507 1.74 3477 203 3441 275 3419 2.66
11. Non-verbal accuracy [correct responses] 650 1945 2,19 1954 210 19.52 222 1882 2.67 1938 2.11
N number, M mean, SD standard deviation
Level of outcome and scoring Results

For a parsimony hypothesis testing we built an overall NP
score based on the eleven neurocognitive tests and per-
formed a principal component analysis [35]. The eigen-
values (3,60; 1,12) based on the eleven neurocognitive
tests exceeded random eigenvalues from a parallel analysis
(1,21; 1,16) only for the first eigenvalue [35]. Therefore,
only one factor was retained, which represents the overall
neurocognitive performance score [35]. Additionally we
described the NP on domain scores according to the Cat-
tell-Horn-Carroll (CHC) model [36] and allocated the tests
to the following domains: processing speed by the Digit
Symbol Substitution Test and the Trail Making Test A
and B, working memory by the Digit Span Test, the Self-
Ordered Pointing and the Continuous Performance Test,
long-term memory by the Rey-Auditory Verbal Learning
Test, word fluency by the Verbal Fluency Test. However,
the Rey-Osterrieth Complex Figure Test and the Diag-
nostic Analysis of Non-Verbal Accuracy Test represent
domains outside the CHC model, so they were assigned
their own domains: visuospatial ability was defined by the
Rey-Osterrieth Complex Figure Test and non-verbal social
information processing, which included the correct inter-
pretation of facial expressions, was defined by the diag-
nostic analysis of non-verbal accuracy. We handled their
contents as separate domains and checked in an explora-
tory manner if specific domains were especially affected
by ROD. Finally, we reported the outcome for each neu-
rocognitive test, which was performed within 3 months of
the onset of symptoms.
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Basic descriptives of the eleven neurocognitive test scores
for total and both main factors related to age and health,
which define the subsamples ROD-Ado, ROD-Adu and HC-
Ado, HC-Adu, are presented in Table 2.

Main hypothesis testing

The main hypothesis testing was conducted within a GLM
approach with two classifying variables (age, health sta-
tus) and the two covariates (educational years; sedating
and antidepressive medication). We applied it first for the
overall NP score and subsequently for each neurocognitive
domain. There were statistically significant differences in
neurocognitive impairment explained by the model (F (6,
643)=13.00, p<0.0001; R%?=0.11). Because of unbal-
anced data, when using GLM Type III estimates it is rec-
ommended that any presented effect should be adjusted for
all the remaining variables in the model. There, they show
only incremental effects. The detailed results for the overall
neurocognitive performance and domain-specific deficits are
presented in Table 3. To illustrate the results visually, we
present the mean z-score estimates in Fig. 1 [37]. These are
adjusted for all covariates and show mean score differences
in a Cohens d score metric.

As shown in Table 3, we found significant effects for both
age groups, when comparing ROD patients with HC, such
as that NP was reduced in the ROD groups. As to our key
research question concerning a hypothesized interaction
between age and clinical status, we did not find significant
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Table 3 Results of a GLM Type III to explain overall NP for influences of age (adolescent vs. adult), health status (ROD vs. HC) and interaction
including medication and educational years

Overall Age Health-ROD  Age x Medication  Medication  Educational
health-ROD  anti-depres- sedation years
sants

F P F p F p F p F p F o p F p
Overall NP 13.00 <0.0001 4.28 0.039 4.00 0.046 1.11 0292 272 0.099 446 0.035 1843 <0.001
Processing speed 797 <0.0001 290 0.089 244 0.119 130 0255 237 0.124 479 0.029 7.03 0.008
Working memory 9.63 <0.0001 3.52 0.061 335 0.068 0.01 0938 1.02 0.312 099 0.319 2136 <0.001
Long-term memory 5776 <0.0001 4.58 0.033 096 0.329 3.18 0.075 290 0.089 0.60 0.440 2.80 0.095
Word fluency 10.37 <0.0001 2.08 0.150 2.31 0.130 0.00 0968 0.07 0.790 0.14 0.712 30.80 <0.001
Visual spatial 3.54 0.0019 1.52 0219 049 0483 0.18 0.674 0.11 0.741 3.88 0.049 5.34 0.021
Non-verbal social information ~ 1.44 0.1965 0.06 0.812 250 0.114 043 0513 3.03 0082 245 0.118 135 0.246

F value: F (6, 643)=13.00, p value: p<0.0001

effects. Adults in our samples performed better throughout
than adolescents irrespective of their clinical status, but
there were no differences in the effects of ROD on neuro-
cognitive impairment between adults and adolescents when
we controlled for a general age effect. This was also true for
the two HC groups (Fig. 1). No medication effect was found
in our sample, but a strong effect of the covariate “years of
education”. These overall findings apply to both the overall
NP score as well as any domain of the CHC model.

The second finding is that ROD participants from both
age groups performed worse than the respective HC sub-
group. Our data showed that in the adult ROD group more
individuals were treated with medication, albeit with partly
contrary influences related to sedating and antidepressive
medication. Concerning the medication, we observed that
participants taking antidepressants performed better with
an effect size of d=0.23 in the overall NP score, which was
particularly greater for long-term memory, non-verbal social
information, and processing speed. Participants taking sedat-
ing medications showed lower scores in overall NP, which
especially affected the domains processing speed, visual
spatial ability, and non-verbal social information processing.

The overall NP and the varying effect sizes in the CHC
domains are described in Table 4. Our results show that
adults performed better across the most neurocognitive
tests and domains, except for visual spatial ability, which
is outside the CHC model. No single domain emerged as
particularly affected.

m mean, D cohens D.

An exploratory factor analysis of the data from all neuro-
cognitive tests of our battery revealed that two subtests, the
Digit Symbol Substitution Test, and the Trail Making Test
B, emerged as particularly valid in predicting the overall NP
score. An aggregation score of these two subtests highly cor-
related with the overall score of all subtests (r=0.82). Thus,
a combination of these two subtests may be suitable for both

economic and valid detecting and monitoring of neurocogni-
tive impairment in MDD.

Discussion

This study aimed to shed light on neurocognitive impair-
ments in adolescents with recent onset MDD as compared
to adults with recent onset MDD. We hypothesized that in
adolescents with ROD, who are still in a particularly vul-
nerable stage of brain development, the impeding effects of
depression on neurocognitive impairment would be stronger
than in adults. Thus, we hypothesized that adults with recent
onset MDD would be more resilient due to their longer dura-
tion of unaffected brain development into adulthood prior to
their first depressive episode[38].

Our research confirms that cognitive impairments were
significant in the clinical ROD group across both age groups,
both globally and in a range of specific domains. Thus, we
observed a significantly lower NP score for the ROD group,
however, the effect size was small (d=— 0.29).

In negation of our hypothesis, our results suggest that an
adolescent onset of MDD does not have more detrimental
effects than an onset in adulthood.

We observed a strong effect of educational years: Longer
education was correlated with higher cognitive performance,
both in the ROD and HC groups. We surmised that higher
cognitive performance might be a result of academic exer-
cise, which is longer and more intense for adults. But higher
cognitive performance may also be a precondition for longer
education, as cognitive performance is known to show a con-
siderable overlap to measures of intelligence [39]. Further-
more, a general age effect must be considered: The common
peak of cognitive performance is in early adulthood [40, 41].
Therefore, the different results in adolescents, both in the HC
and the ROD subgroups, can be explained independently
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Table4 GLM estimated mean
z-scores (adjusted for all
included variables) and Cohens

D for the main factors age
(adolescent vs. adult) and health
status (ROD vs. HC) [37]

Adolescent  Adults Cohens D HC ROD Cohens D
m d m m d
Overall NP - 0.34 —0.05 0.29 —0.05 -034 -029
Processing speed —-0.30 - 0.06 0.24 —0.06 -030 -0.24
Working memory -0.29 —-0.01 0.28 —0.01 —-0.28 -0.27
Long-term memory -0.29 0.02 0.31 —0.06 -0.21 —-0.15
Word fluency —-0.19 0.02 0.21 0.03 -020 -0.23
Visual spatial 0.05 —-0.13 —0.08 0.02 -0.09 —-0.11
Non-verbal social information - 0.07 —0.03 0.04 0.08 -0.17 -0.25

from the impact of the disease, only by effects of age and
educational training.

Another factor is the impact of medication. Our data
showed that the adult ROD subgroup received far more anti-
depressive medication than the adolescent ROD subgroup.
After adjusting for this variable, we found that the NP scores
in the adult ROD subgroup were lower. Our sampling did not
allow us to examine the effect of medication in further detail.

Regarding the two suggested subtests, further research is
needed to determine why and to which degree these tests are
sensitive towards MDD-associated neurocognitive impair-
ment. One hypothesis would be that both tests are fairly
complex and therefore screen for a variety of impairments.

Strengths and limitations

Our study allows a unique comparison between adolescents
and adults, since all participants are experiencing their first
MDD episode. This precludes any confounding due to dura-
tion of disease, which has been a major limitation in previ-
ous studies.

By design, our study does not provide insight into the
origin of neurocognitive impairment. Additionally, our study
lacks data that describe the participants’ neurocognitive per-
formance prior to the onset of MDD. We cannot rule out that
neurocognitive impairments were already present prior to
the onset of MDD or might have contributed to the develop-
ment of MDD. Our design also did not allow for longitu-
dinal analyses of the long-term development of NP of the
ROD participants. The effects of medication were examined
solely for the participants taking sedating or antidepressive
medication. Because of the strong covariation of age and
medication the analysis probably could not fully entangle
confounding effects. In the future, more research is needed
on the specific effects of pharmacological treatment on NP.

Implications for future research and clinical practice
Diagnostic and treatment standards for adolescent MDD to

date have mainly focused on detecting and treating affective
symptoms, as well as on addressing impairments in social

functioning. Our study shows that adolescents with MDD
have similar impairments in their neurocognitive functions
as compared to adult patients. Some studies suggest that
antidepressive medication can have a positive effect on neu-
rocognitive performance [29, 30]. Our results also point to
this effect.

Our research underlines that appropriate detection and
monitoring of neurocognitive impairment should be paid
more systematic attention to in adolescent mental health
care. More systematic research is needed so that future clini-
cal treatment guidelines in child and adolescent psychiatry
may include standardized testing and monitoring of neuro-
cognitive functioning, as well as including specific neuro-
cognitive training in treatment plans. This may be beneficial
for educational and social achievements of adolescents with
MDD and their long-term mental health prognosis, as neuro-
cognitive impairments in MDD increase the risk of reduced
long-term participation in education and employment [10,
42]. In Table 5 our explorative findings regarding the Digit
Symbol Substitution Test and the Trail Making Test B sug-
gest that these two subtests may serve as a both valid and
efficient tool for detecting and monitoring neurocognitive
performance. Still, further studies are needed to test and con-
firm their usefulness in every day clinical practice.

Table 5 Item loadings of eleven neurocognitive tests on the first com-
ponent of a principal component analysis

Neurocognitive test

1. Trail making test B 0.74
2. Digit symbol substitution test 0.73
3. Rey-auditory verbal learning test _learning 0.67
4. Digit span test 0.67
5. Continuous performance test 0.63
6. Trail making test A 0.58
7. Self-ordered pointing test 0.58
8. Verbal fluency test 0.47
9. Diagnostic analysis of non-verbal accuracy 0.32
10. Rey-osterrieth complex figure test 0.31
11. Rey-auditory verbal learning test_total 0.21
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Summary and conclusions

In summary, patients with ROD showed lower NP scores
than HC across both age groups. Differences between the
two ROD age groups were equally found between the two
HC age groups. No interaction effects between clinical status
and age were found. These neurocognitive impairments were
visible across all neurocognitive domains we examined.
No specific profiles of neurocognitive impairment in ROD
groups emerged from our data. Among the tests we used in
our battery, a combination of the Digit Symbol Substitution
Test and the Trail Making Test B emerged as highly pre-
dictive for the overall score of neurocognitive impairment.
We also found that, irrespective of their HC or ROD status,
adults generally performed better in neurocognitive tasks
than adolescents. This can be explained as an effect of age
and cumulative educational years. Further research is needed
to determine to which degree antidepressive medication can
improve neurocognitive impairment in adolescent MDD
patients, as our results point to a similar effect as compared
to adult ROD participants. This is particularly relevant, as
in current clinical practice adolescents with depressive dis-
orders are less frequently treated with antidepressants than
adult patients. More systematic attention should be paid
to neurocognitive impairment in adolescent MDD both in
research and clinical practice. Further research is needed to
provide confirming evidence that may inform future clini-
cal recommendations for standard tools and procedures that
are suitable for detection and monitoring of neurocognitive
impairment in adolescent depression.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00787-024-02599-0.
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