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ARTICLE
Childhood maltreatment and cognitive functioning: the role of

depression, parental education, and polygenic predisposition
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Childhood maltreatment is associated with cognitive deficits that in turn have been predictive for therapeutic outcome in
psychiatric patients. However, previous studies have either investigated maltreatment associations with single cognitive domains or
failed to adequately control for confounders such as depression, socioeconomic environment, and genetic predisposition. We
aimed to isolate the relationship between childhood maltreatment and dysfunction in diverse cognitive domains, while estimating
the contribution of potential confounders to this relationship, and to investigate gene-environment interactions. We included 547
depressive disorder and 670 healthy control participants (mean age: 34.7 years, SD = 13.2). Cognitive functioning was assessed for
the domains of working memory, executive functioning, processing speed, attention, memory, and verbal intelligence using
neuropsychological tests. Childhood maltreatment and parental education were assessed using self-reports, and psychiatric
diagnosis was based on DSM-IV criteria. Polygenic scores for depression and for educational attainment were calculated.
Multivariate analysis of cognitive domains yielded significant associations with childhood maltreatment (n*, = 0.083, P < 0.001),
depression (n°, = 0.097, P < 0.001), parental education (n?,= 0.085, P < 0.001), and polygenic scores for depression (n*, = 0.021,
P =0.005) and educational attainment (n?, = 0.031, P < 0.001). Each of these associations remained significant when including all of
the predictors in one model. Univariate tests revealed that maltreatment was associated with poorer performance in all cognitive
domains. Thus, environmental, psychopathological, and genetic risk factors each independently affect cognition. The insights of the
current study may aid in estimating the potential impact of different loci of interventions for cognitive dysfunction. Future research
should investigate if customized interventions, informed by individual risk profiles and related cognitive preconditions, might
enhance response to therapeutic treatments.

Neuropsychopharmacology (2021) 46:891-899; https://doi.org/10.1038/s41386-020-00794-6

INTRODUCTION limbic and prefrontal areas, that persist until adulthood [5-9].

Childhood maltreatment (CM) has been discussed as a major
vulnerability factor for various psychiatric disorders, including
affective disorders, anxiety disorders, and posttraumatic stress
disorder (PTSD) [1], as well as personality disorders [2]. Regarding
major depressive disorder (MDD), there is growing evidence that
CM is associated with higher risk to develop MDD, higher
symptom severity, an unfavorable disease trajectory, and lower
treatment response [3, 4]. While these findings stress the
relevance of CM to psychiatric research, it is uncertain what
mechanisms drive these adverse effects.

Research suggests that repeated or enduring stress during
sensitive developmental stages of childhood or adolescence
promotes biological long-term adverse effects, particularly in

These neurobiological alterations are accompanied by functional
deficits in various cognitive domains. While deteriorating effects of
CM on working memory, attention, and intelligence have been
reported consistently [10-12], there are mixed results regarding
episodic memory, processing speed, and executive functioning
[10, 11, 13]. Previous meta-analyses seem to disagree on whether
CM associations with cognitive functioning are evident non-
specifically across cognitive domains or differ across domains. One
meta-analysis comparing healthy CM and non-CM groups found
widespread cognitive deficits in the CM group irrespective of the
cognitive domains [11]. Another meta-analysis investigating
samples with several psychiatric diagnoses found that largest
effects of CM on cognition were evident in the attention and
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visual episodic memory domains, while no associations were
observed for visuospatial working memory and executive
functioning [13]. On the contrary, Masson et al. found in their
meta-analysis that the strongest associations between CM and
cognition were evident in the executive functioning domain [14].
Thus, findings are inconsistent in regard to the cognitive domains
where effects emerge. Generally, CM-related cognitive deficits can
already be found in children, seem to persist until adulthood [11],
and can be associated with CM in PTSD and non-PTSD samples
[15]. Further, it is unclear to what extent the association between
CM and cognitive functioning may be produced by common
environmental and genetic factors.

Many of the CM-related cognitive deficits are also reported in
MDD samples [16]. Grassi-Oliveira et al. found lower memory
performance in a group of physically neglected MDD patients
compared to MDD and healthy control (HC) groups without
maltreatment experiences indicating that maltreatment has an
adverse effect beyond psychiatric diagnosis [17]. However, despite
an extensive literature investigating the link between CM and
cognition, many studies do not control or screen for psychiatric
comorbidities [12]. Further, there is evidence that points to a
crucial role of cognitive dysfunction for the treatment of MDD as it
(similar to CM) has been predictive for poorer treatment response
in antidepressive pharmacotherapy and cognitive-behavioral
psychotherapy [18]. Due to these interrelations, it is difficult to
ascribe whether cognitive deficits are due to CM or merely reflect
a higher percentage of MDD in maltreated samples.

Another variable that is associated with both CM and cognitive
functioning is the familial socioeconomic status (SES) that defines
a child’s environment, e.g. determined by family income,
occupational status, or parental education (PE). Children from
low SES families are at an increased risk to experience abuse and
neglect compared to children from high SES families [19]. Further,
low parental SES has been linked to cognitive deficits in various
domains already at young age [19], and educational attainment
(EdA) later in life [20]. Thus, familial SES may also confound the
relationship between CM and cognitive abilities. However, ~41%
of studies investigating CM-related cognitive dysfunction do not
methodologically or statistically control for SES [15]. Previous
meta-analytic analysis indicated that there is no crucial relevance
of SES for the relationship between CM and cognition [11].
However, more recent work investigating two large prospective
cohorts, reported that effect sizes of CM on cognition decreased
considerably when controlling for SES [21]. The authors argue that
there is no causal relationship between CM and cognition but that
familial SES confounds this association.

It is further unclear if effects of familial SES on cognition are
brought about purely by environmental disadvantages or might
have a substantial genetic component. Data from 3000 genotyped
children showed a common genetic influence on family SES and
cognition [22]. Therefore, it is possible that a genetic predisposi-
tion might confound the relationship between CM and cognition.

Similarly, the suggested importance of MDD for the association
between CM and cognition may be confounded by a genetic
vulnerability for MDD. Familial liability for affective disorders has
been associated with higher prevalence and more detrimental
effects of CM (i.e, a gene—environment interaction) [23].

The aim of the current work is to disentangle the complex
interplay between maltreatment, depression, familial SES, genetic
predisposition, and cognitive abilities. Therefore, we examine the
individual and combined influence of MDD diagnosis, PE, and
genetic variables on the association between CM and cognitive
dysfunction. Further, potential interaction effects between mal-
treatment and the above variables on cognition are investigated,
including gene-environment interactions.

Based on the literature outlined above, we expect that CM,
MDD diagnosis, and the genetic predisposition for MDD are all
negatively associated with cognitive abilities, while higher PE and
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the genetic predisposition for EJA are both positively associated
with cognitive performance. We further test the hypothesis that
there is an independent effect of CM on cognition even when
controlling for MDD diagnosis, PE and genetic variables. In
addition to the hypothesis-based analyses, potential interaction
effects of CM with age, sex, MDD diagnosis, PE, and genetic
predisposition are explored.

METHODS
Participants
For the present analyses all MDD and HC participants from the
FOR2107 Marburg-Minster Affective Disorders Cohort Study
(MACS) [24] with complete assessments of CM, psychiatric
diagnosis, PE, genetics, and at least one neurocognitive measure
were included. This resulted in a study sample of n =547 MDD
and n =670 HC participants (total N= 1217, mean age: 34.7, SD =
13.2; 62.4% female). The MACS includes adults with age 18-65
years. Sample characteristics are displayed in Table 1.

All participants gave written and informed consent and
received financial compensation. Exclusion criteria and participant
recruitment are described in the Supplementary.

Materials and procedure

Assessment of childhood maltreatment and parental education.
The childhood trauma questionnaire (CTQ) was used to assess CM
[25]—a retrospective self-report questionnaire with good psycho-
metric qualities [25]. It allows the calculation of a CTQ sum score
(indicating the general burden of maltreatment experiences
during childhood) and five subtype scores.

PE of participants was used as a proxy for the socioeconomic
environment during childhood and adolescence. PE was oper-
ationalized as the parental years of education assessed by self-
report of the participants.

Neurocognitive assessment. A neurocognitive test battery was
employed containing measures of working memory (Corsi A, Corsi
B [26], and the letter-number sequencing test [LNST] [27]),
executive functioning (trailmaking test [TMT] A-B [28]), processing
speed (TMT A and digit symbol substitution test [DSST] [27]),
sustained attention (d2 test [29]), declarative short-term memory
(verbal learning and memory test [VLMT] A [30]), declarative long-
term memory (VLMT B), and verbal 1Q (multiple choice vocabulary
test [MWT-B] [31]). The neurocognitive tests were applied in the
following fixed order: VLMT A, TMT A, TMT B, Corsi A, Corsi B, LNST,
DSST, d2 test, VLMT B, and MWT-B. See Supplementary for details
on the operationalization of cognitive performance measures.

Clinical assessment. A structured clinical interview for DSM-IV
(SCID-I) [32] was conducted with each participant in order to
assess current and lifetime psychiatric diagnoses. Subjects from
the MDD group fulfilled the DSM-IV criteria for either an acute or a
lifetime history major depressive episode. It was secured that all
HC subjects were free from any acute or history of psychiatric
disorders based on the SCID-l. Current depression severity
was additionally assessed using the Hamilton Depression Rating
Scale [33].

Genetic assessment and quality control. A polygenic approach
was applied in order to operationalize the genetic predispositions
for MDD and EdA. The resulting polygenic scores (PGS) can be
seen as the genetic propensity equivalents to the actual presence
of an MDD diagnosis and PE.

To this end, DNA extraction and genome-wide genotyping, as
well as quality control of the genotype data and the calculation of
PGS were conducted as described elsewhere [34]. Quality-
controlled single nucleotide polymorphisms (SNPs) were clumped
in PLINK v1.9 [35] to create a set of linkage disequilibrium-
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Table 1. Study sample characteristics by diagnosis groups.
MDD HC
N Mean SD Mean SD p value

Demographics

Sex (f/m)  760/457 336/211 424/246 0.506

Age 1217 3728 1353 32.51 1248 <0.001

PE 1217 11.95 2.89 13.25 3.09 <0.001
Maltreatment

CTQ sum 1217 46.13 15.99 32.13 8.31 <0.001

CTQ EA 1217 11.26 5.22 6.96 2.86 <0.001

CTQ PA 1217 7.07 335 5.55 1.55 <0.001

CTQ SA 1217 6.35 3.19 5.22 1.15 <0.001

CTQEN 1217 13.39 5.30 8.25 3.52 <0.001

CTQ PN 1217 8.07 3.21 6.15 1.79 <0.001
Cognitive measures

Corsi A 1214 8.61 1.90 9.34 1.96 <0.001

Corsi B 1214 8.03 1.94 8.90 1.73  <0.001

LNST 1212 15.68 3.36 16.73 3.09 <0.001

TMT A-B 1210 —3260 2235 —2555 16.38 <0.001

TMT A 1214 —2636 1024 —23.09 8.00 <0.001

DSST 1215 55.58 1252 64.35 1145 <0.001

d2 1211 166.59 43.64 191.04 4285 <0.001

VLMT A 1215 55.23 10.32 59.41 8.56 <0.001

VLMT B 1214 13.02 3.10 13.83 1.95 <0.001

MWT-B 1214 112.75 13.76 11406  13.57 0.097
Polygenic scores

MDD PGS 1217 0.10 094  —0.09 1.03  0.001

EdA PGS 1217 —0.06 1.02 0.06 0.98 0.039
Depression severity

HDRS 1212 9.85 7.55 1.43 2.13  <0.001

A x?-test was used to test for significance of group differences regarding
sex and t tests were used to test for significance of group differences in
other variables. Statistics are presented assuming unequal variances in
groups as most dependent variables produced a significant Levene’s test.
Both PGS’ are presented z-standardized. For all cognitive measures, higher
scores represent better performance.

MDD major depressive disorder, HC healthy controls, f female, m male, CTQ
childhood trauma questionnaire, EA emotional abuse, PA physical abuse, SA
sexual abuse, EN emotional neglect, PN physical neglect, PE parental
education, Corsi A Corsi block tapping task forward, Corsi B Corsi block
tapping task backward, LNST letter-number sequencing test, TMT trailmak-
ing test (versions A and B), DSST digit symbol substitution test, d2 d2 test,
VLMT verbal learning and memory test (VLMT A short-term memory, VLMT B
long-term memory), MWT-B multiple choice vocabulary test B, PGS
polygenic score, HDRS Hamilton Depression Rating Scale.

independent variants, based on p values from published genome-
wide association studies (GWAS). Clumping parameters were:—
clump-p1 T—clump-p2 1—clump-r2 0.1—clump-kb 250. For each
participant, PGS for MDD and EdA were generated using all
available SNPs (threshold P = 1.0) from published large-scale MDD
[36] and EdA [37] GWAS. Both GWAS samples are completely
independent of the MACS sample used in this study. The PGS were
calculated as the sum of independent SNPs (genotype dosage
from 0 to 2) weighted by effect sizes for the reference allele
obtained from the respective GWAS, and subsequently z-standar-
dized. The first four multi-dimensional scaling (MDS) components
calculated on the identity-by-state matrix of the genotype data in
PLINK were used to adjust for population substructure.
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Statistical analyses. Cognitive performance was analyzed aggre-
gating all ten cognitive measures (multivariate analyses), as well as
for each measure separately (univariate analyses).

General linear models were used for multivariate analyses. A
base model (multivariate model 1) was constructed with CTQ sum
as a predictor and all cognitive measures as dependent variables,
while controlling for age and sex (as nuisance variables). In
multivariate model 2, MDD diagnosis, PE, and PGS for MDD and
EdA were then simultaneously added as predictors to this base
model in order to control for all potentially confounding variables.
This inclusive statistical approach provides a conservative estimate
of the association between CM and cognition, because each
additional control variable decreases the independent predictive
value of CM (even for variables that may be completely
independent of CM due to unsystematic error variance that can
co-vary with CM).

Potential interaction effects of CTQ sum with age, sex, MDD
diagnosis, PE, and both PGS variables were additionally tested in
exploratory multivariate models. Multivariate models in which
each potentially confounding variable is included separately (in
order to delineate the role of each for the association between
maltreatment and cognition), and analyses regarding the influ-
ence of current depression severity and medication to the above
models are reported in the Supplementary. Multivariate partial eta
squared (n°,) was used as a measure of effect size for all
multivariate analyses.

Exploratory univariate follow-up analyses for each cognitive
measure were subsequently conducted using multiple regression
models for differentiation of domain-specific associations. Again, a
base model was constructed with CTQ sum as a predictor,
controlling for age and sex (univariate model 1) for each cognitive
measure respectively. MDD diagnosis, PE, and PGS for MDD and
EdA were then added separately to this base model resulting in
univariate models 2, 3, 4, and 5, as well as all combined in model 6
(Table 2). This allows for an estimation of the role of these
variables in the relationship between CM and cognitive abilities
relative to each other and combined. Due to the large number of
statistical tests in these analyses, an FDR-corrected significance
threshold (g = 0.05) was applied across all 140 significance tests
including variables of interest (including effects of CTQ sum, MDD
diagnosis, PE and both PGS, while excluding nuisance variables
age and sex from the correction) in all univariate models following
the Benjamini-Hochberg procedure [38].

Additional analyses regarding associations of cognition with
specific types of CM (subscales of the CTQ) are provided in the
Supplementary (Table S4).

Absence of multicollinearity and normal distribution of residuals
of dependent variables are the two major statistical assumptions
for using general linear models [39]. Due to low squared multiple
correlations (SMCs) between all predictors (all R* < 0.282) and low
variance inflation factors (all < 1.394) multicollinearity was not
considered problematic for our analyses (Supplementary, Table S2)
[39]. A more detailed examination of statistical assumptions
(including distribution of the residuals of all dependent variables
in Fig. S1) is presented in the Supplementary.

All statistical analyses were conducted using SPSS (IBM) version
25. An a priori significance threshold of P <0.05 (g = 0.05 for FDR-
corrected threshold) was defined.

RESULTS

Multivariate analyses

In multivariate model 1 higher CTQ scores were significantly
associated with lower multivariate cognitive performance (Fio,11s7
=10.766, P <0.001, nzpz 0.083). Further, a significant interaction
of CTQ sum with sex (Fy¢ 1186 = 2.085, P=0.023, nzp =0.017) was
found (post hoc tests across sex: males: F;g437 = 4.076, P < 0.001,
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n’p = 0.085; females: Fiq730=7.983, P<0.001, n’,=0.097). The
interaction of CTQ sum with age was not significant (P = 0.063).

Multivariate model 2 (including all variables) also yielded a
significant effect of CTQ sum (F10,1183 = 2.763, P=0.002, nzp:
0.023). Further, significant effects were found for MDD diagnosis
(Fi01183 = 5.537, P<0.001, n*, =0.045), PE (101183 = 7.178, P<
0.001, n?,=0.057), MDD PGS (Fi01183 =2.267, P=0.013, n’, =
0.019), and EdA PGS (F01183 = 2.139, P = 0.019, n*, = 0.018), all in
the expected directions. A significant interaction of CTQ sum with
sex (F10,1182 =2.188, P=10.016, an =0.018) and with age (F1O,1182
=1.977, P=0.033, n°, = 0.016) were found (post hoc tests per sex:
males: Fi0433=2.156, P=0.019, nzp =0.047; females: Fio735=
2,060, P=0.025, i, = 0.027). No interaction effects of CTQ sum
with MDD diagnosis, PE or either PGS was found (all P> 0.105).
Multivariate results of models including each of the predictors
separately (while controlling for age and sex) are presented in
Fig. 1 and in further detail in Supplementary Table S3.

Adding MDS scores as covariates to any of the multivariate
models did not qualitatively alter any statistical conclusions.

Male and female participants did not differ in age, PE, CTQ sum,
either PGS, depression severity or most cognitive measures. Small
but significant differences with higher scores in females were
found in two of five maltreatment subscales (emotional and sexual
abuse), but in no other subscales (Supplementary, Table S1).
Further exploratory analyses yielded a significant CTQ sum X sex x
diagnosis interaction, driven by a non-significant CTQ sum X sex
interaction in HCs and a trend interaction between CTQ sum and
sex in MDD participants (Supplementary and Fig. S3).

Univariate follow-up analyses of separate cognitive measures
The FDR correction as described above, resulted in a corrected
significance threshold of P<0.036. The pattern of univariate
results (Table 2) shows that when controlling for age and sex (base
model), the relationship between CTQ sum and cognitive
performance was significant for all cognitive measures in the
expected direction (all P<0.010) with a mean effect size of 8=
—0.098 (ranging from B = —0.070 for VLMT B to 8= —0.216 for
the DSST).

When MDD diagnosis was added to the base model the effects
of CTQ sum on TMT A and VLMT B became non-significant (both P
>0.251) but was still significant for all other domains (all P<
0.024). Mean reduction in CTQ sum beta values in model 2
compared to model 1 was 36.24%, ranging from 19.27% (MWT-B)
to 56.40% (VLMT B). A negative main effect of MDD diagnosis was
significant for all cognitive measures (all P<0.026) except the
MWT-B (P=0.111).

The negative relationship between CTQ sum and VLMT B
was no longer significant when adding PE to the base model
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(P=10.045). The association of CTQ sum with all other cognitive
measures was still significant when adding PE (all P < 0.028). Mean
standardized beta reductions of CTQ sum in the model with PE
(model 3) compared to model 1 was 17.18%, ranging from 10.99%
(LNST) to 40.20% (MWT-B). Further, results show that a positive
main effect of PE was significant for all cognitive domains (all P <
0.014).

Adding MDD PGS in univariate model 4 did not qualitatively
alter the effects of CTQ sum in any domain when compared to
model 1. In model 4 CTQ sum was still a significant predictor for all
univariate cognitive measures. Mean standardized beta reduction
of CTQ sum from model 1 to model 4 was 1.58%. Model 4 further
yielded a significant negative association of MDD PGS with Corsi A
and Corsi B (both P <0.006). No main effect of MDD PGS was
found for any other domain (all P> 0.077).

EdA PGS was added as a predictor to the base model in
univariate model 5 which did not alter CTQ effects substantially in
any cognitive domain when comparing model 1 and model 5. The
negative association between CTQ sum and cognitive ability was
still significant for all cognitive measures (all P<0.018). Mean
standardized beta reduction in CTQ sum effects from model 1 to
model 5 was 5.26% (ranging from 1.30% in TMT-A to 10.56% in
MWT-B). Results further yielded a significant positive relationship
between EdA PGS and LNST, d2, VLMT A, and the MWT-B (all P <
0.001), and a trend in the same direction for TMT A-B (P =0.051).
No significant effect of EJA PGS for any other cognitive measure
was found (all P> 0.051).

In model 6 all variables are included. A negative association of
CM with cognitive performance was still significant in this model
for 6 out of the 10 cognitive measures (Corsi B, LNST, TMT A-B,
DSST, d2, and VLMT A; all P<0.020). Mean standardized beta
reduction in CTQ sum effects from model 1 to model 6 was
53.18% (ranging from 35.25% in LNST to 77.33% in VLMT B).

DISCUSSION
We find that environmental (CM and PE), psychopathological
(MDD diagnosis), and genetic variables (PGS for MDD and EdA) are
all independently associated with cognitive functioning even
when comprehensively controlling for each other. Our findings
suggest that CM is associated with lower performance in a variety
of cognitive domains. However, we show that a large portion of
this association is explained particularly by MDD diagnosis and PE.
These insights may aid an estimation of the potential impact of
different loci of interventions for cognitive dysfunction.

In line with previous studies [10-12], we observed negative
associations of CM with cognitive performance. Strongest CM-
related deficits were found for working memory, sustained
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attention, and short-term memory. Weak but consistent associa-
tions between maltreatment and cognition were still present
when statistically controlling for age, sex, MDD diagnosis, PE, and
genetic predispositions for MDD and EdA. However, including
MDD diagnosis and PE in our analyses revealed that both
explained a substantial portion of the negative CM-cognition
association, corroborating the notion that researchers are strongly
advised to rigorously take these variables into account.

MDD, PE, and CM each show associations with cognitive
dysfunction independent of each other. Further, we did not find
that the CM association with cognition was moderated by MDD
diagnosis or PE. Thus, the association of CM with cognitive ability
was comparably pronounced across MDD and HC individuals, as
well as across different parental educational contexts.

While our results suggest that CM is independently associated
with cognition, an additional indirect influence of CM on cognitive
ability may be mediated by an increased vulnerability to develop a
MDD which in turn is associated with cognitive dysfunction [16].
Thus, the models that include MDD diagnoses factor out the
additional impact of CM on cognition conveyed by a higher
propensity for MDD.

Regarding the role of PE, our findings are in line with previous
evidence that CM associations with cognition are still present
when controlling for determinants of SES [11]. Danese et al. also
report extensive associations of retrospectively and prospectively
assessed CM with cognitive dysfunction in two large longitudinal
cohorts, which however are drastically reduced or eliminated
when controlling for SES and early age 1Q of participants, thus
questioning a causal link between CM and cognition [21]. In
contrast, we still find this link even when controlling for PE and
several other variables. Sample characteristics and differing
assessment methods for CM, as well as differing determinants of
SES may account for differences between studies and study
subsamples. Agreement between retrospective and prospective
measures of CM has been shown to be poor and both
methodologies may be sensitive for different groups of subjects
with maltreatment experiences [40]. Noteworthy, in a subsample
that is comparable to our sample, regarding age at the time of
assessment and type of CM assessment (retrospective self-
reports), Danese et al. report results that are more similar to our
findings, in that CM associations with cognition are reduced but
not eliminated when controlling for SES [21]. In addition the
assessment of SES differed from ours: while we used PE as a proxy
for familial SES, Danese et al. operationalized SES as composite PE,
income and occupation status in one cohort and as occupation
status in a second cohort [21]. Although, these components of SES
seem to be highly correlated [21], they may be differentially
associated with adverse outcomes [41]. Further, we included a
subsample of MDD subjects which may further account for
differences in results. Together both studies underline the
importance of controlling for the influence of SES determinants,
and emphasize caution in the causal interpretation of CM
associations with cognition.

In contrast, the inclusion of the PGS for MDD and EdA in our
models did not alter the CM association with cognition. Polygenic
variables did neither confound nor moderate this relationship.
Interestingly, this was not due to a lacking association between
PGS and cognitive measures per se. We found that a genetic
predisposition for MDD was associated with lower performance in
the visuospatial working memory domain. Further, the PGS for
EdA was positively associated with measures of working memory,
attention, short-term memory, and verbal intelligence. Effect sizes
for both PGS were rather small, however comparable with genetic
effect sizes regarding other complex phenotypes [42]. While the
association between the EJA PGS and cognition has been
documented previously [37], to our knowledge we are the first
to report a relationship between a MDD PGS with phenotypical
cognitive dysfunction. This finding raises the question if
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premorbid cognitive deficits may mediate the genetic propensity
for MDD, or if the association between genetics and cognition is
mediated by a higher vulnerability for depression. There is
evidence for both causal pathways [43, 44], pointing to a
potentially mutually dependent relationship. The missing CM by
PGS interactions indicate, that the genetic predispositions for
MDD and EdA seem to be associated with cognition indepen-
dently from the environmental effect of CM. However, this
conclusion is limited to the distinct PGS utilized in this study.
Specific candidate genes or different PGS for different phenotypes
may moderate associations of CM with cognition as previously
suggested [1].

Despite the remaining CM associations with cognitive dysfunc-
tion when controlling for various variables, the question of clinical
significance remains. Dichotomous statistical significance has
been discussed intensively and controversially [45]. Particularly
in light of large samples, effects may become statistically
significant while effect sizes may be negligible regarding their
clinical implications. Cognitive dysfunction in remitted MDD
subjects of comparable effect sizes as we found for CM has been
reported previously and such remission-state cognitive deficits
have further been associated with difficulties in occupational
reintegration [46]. This evidence supports the notion of clinical
significance of our findings, suggesting that even small to
medium-scale cognitive dysfunction can be related to relevant
real-life outcomes. These considerations underline the importance
to target cognitive deficits in populations with maltreatment
experiences.

It has been discussed if sex differences in CM incidence rates or
differing stress reactivity mechanisms as a function of sex could
account for differing prevalence rates in affective disorders
[47, 48]. While we find slightly higher reports of sexual and
emotional abuse by women, the overall maltreatment load does
not seem to differ in our sample. These results complement
previous findings of prevalence estimates within a community
sample that show similar results [49]. Further, we find evidence
that sex seems to marginally moderate associations between CM
and cognitive functioning, particularly in adults without a
psychiatric condition. These findings point to a complex relation-
ship between maltreatment, sex, psychopathology, and later
adverse outcomes as cognitive functioning, and inform future
studies that investigate sex differences in this field of research.

Overall, our results may implicate that a large portion of CM-
associated cognitive dysfunction may be alleviated when effec-
tively treating depression. Correspondingly, it is well known that
MDD-related cognitive dysfunction seems to be at least partially
reversible in the course of antidepressant treatment [50].
However, findings also suggest an association between cognitive
dysfunction and inferior treatment response to pharmacother-
apeutic and psychotherapeutic interventions in MDD [18], as well
as lower treatment response for MDD cases with maltreatment
experiences [3, 4]. Although initial evidence suggests the general
effectivity of cognitive trainings in the treatment of MDD [51], little
is known about the mechanisms of the relationship between
cognitive dysfunction and treatment outcome in patient groups
that have experienced CM. Future studies should investigate the
benefit of customized interventions that take into account or
directly target cognitive deficits for this patient group.

A clear limitation of our findings is the cross-sectional nature of
the data. Although intuitive, inferences about a causal link
between CM and cognitive functioning remain speculative. A
possible alternative causal pathway could originate from a third
variable that equally affects CM and cognition. Such a third
variable could be embodied by one of the candidate variables
under investigation in the current study (i.e., PE or MDD diagnosis)
or by other possibly unknown variables. Another limitation is, that
CM was assessed using retrospective self-reports which may be
biased by state psychiatric condition or memory effects [40]. While
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we did control for psychiatric condition, memory bias may limit
the validity of our findings. Although this would suggest an
increase of noise in the CM assessment there is no reason to
assume this additional error variance to be systematic, thus not
posing a fundamental limitation to our conclusions. Further, it is
noteworthy that CM-cognition effects that we often refer to as
dysfunctional may include adaptive components, yielding benefits
to deal with hostile environments [52].

In summary, our study provides insights in individual portions of
variance in cognitive dysfunction associated with CM, MDD, PE,
and genetic predisposition. Our findings may have implications
about the potential scope of effects of interventions addressing
these variables, and add to the understanding of their complex
interplay. It remains to be investigated if this knowledge can be
translated into tangible benefits of customized therapeutic
approaches that take into account individual cognitive profiles
in the sense of personalized medicine.
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