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EXECUTIVE CONTROL DEFICITS IN DEPRESSION

Abstract

Depressed individuals show a wide range of difficulties in executive functioning (incl.
working memory), which can be a significant burden on everyday mental processes.
Theoretical models of depression have proposed these difficulties to be especially
pronounced in affective contexts. However, evidence investigating affective working
memory capacity (WMC) in depressed individuals has shown mixed results. The pre-
registered study used a complex span task, the Affective Picture Span Paradigm (APSP),
which has been shown to be sensitive to difficulties with WMC in affective relative to neutral
contexts in other clinical groups to explore affective WMC in clinical depression. Affective
WMC was compared between individuals with current depression (n = 25), individuals in
remission from depression (n = 25), and healthy controls (n = 30). The results showed that
overall, WMC was more impaired in the context of negative distractor images, relative to
neutral images. Furthermore, those with a lifetime history of depression (individuals with
current depression and individuals remitted from depression), performed worse on the APSP,
compared to healthy controls. However, there was no support for the greater disruption of
WMC in affective compared to neutral contexts in those with a lifetime history of depression.
These findings’ implications for current models of depression are discussed.
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Cognitive impairments are core characteristics frequently observed in depressed
individuals (Rock et al., 2014; Snyder, 2013), often persisting in patients remitted from
depression (Bhalla et al. 2006; Bora et al. 2013; Hasselbalch, et al., 2011; Reppermund et al.
2009). These difficulties contribute to the maintenance of depressive states, by limiting the
cognitive resources available to engage in adaptive emotion regulatory processes (Tanovic &
Joorman, 2015). Specifically, working memory capacity (WMC) has been proposed to be
central to maintaining emotion regulatory goals and holding affective information in mind
when it is helpful to an individuals’ current goals, while ignoring it when affective distractors
are detrimental to these goals (Schweizer et al., 2019). Understanding affective WMC in

depression is important as it may pose a promising target for interventions.

Cognitive impairments in patients with major depressive disorder (MDD) have been
attributed to dysfunctions in the central executive component of working memory (WM)
(Baddley, 2003) and the frontoparietal control network that subserves higher order cognition
(Nee et al., 2013). That is, depressed individuals tend to allocate processing resources
towards affective information, which consumes the limited cognitive resources available in
the central executive system, thus reducing WMC to perform other cognitive operations.
Studies investigating the impact of affective information on WMC have used complex span
tasks, which are thought to reflect a natural representation of everyday difficulties
experienced by individuals suffering from emotional disorders (Schweizer & Dalgleish, 2011,
2016). Specifically, complex span tasks require individuals to simultaneously engage in two
tasks competing for shared cognitive resources. An example of a complex span task is the
reading span task (Daneman & Carpenter, 1980). This task requires individuals to make a
semantic judgement about a sentence, whilst maintaining an unrelated word presented at the
end of the sentence in WM for later recall. Using a modified affective reading span task, we

showed that the affective enhancement effect observed in healthy individuals was preserved
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in depressed individuals (Schweizer et al., 2018). Specifically, depressed individuals showed
better for words following affective compared to neutral sentences. Other studies, however,
have shown emotion impairment effects using similar variants of the reading span task
(Garrison & Schmeichel, 2019; Hubbard et al., 2016a, 2016b). Whilst research using simple
span and n-back tasks have failed to show differential effects of affective relative stimuli on
WM accuracy in depression, some have shown effects on reaction time (Berman et al., 2011,
Bertocci et al., 2012; Foland-Ross et al., 2013; Joormann et al., 2011; Tavitian et al., 2014;
Yoon, LeMoult, & Joormann, 2014). Therefore, the current study conducted a pre-registered
investigation of affective WMC in individuals with depression, in remission from depression,
and healthy controls using a complex span task including a perceptual operation component

that has been shown to be sensitive in clinical groups (Schweizer & Dalgleish, 2016).

The Present Study

The present study used the Affective Picture Span Paradigm (APSP) to measure
affective WMC. In line with previous studies (Schweizer & Dalgleish, 2016), we predicted
that overall, individuals would remember fewer words when presented in the context of

negative distractor images (valence hypothesis; see Hla pre-registration, https://osf.io/escdr).

Next, we predicted that individuals with a lifetime history of depression would recall fewer
words overall compared to never-depressed controls (depression hypothesis; H1b). We
further hypothesised the main effects of valence and depression to interact, with individuals
with a lifetime history of depression performing worse compared to never-depressed
individuals on the negative relative to the neutral condition of the APSP (valence x
depression hypothesis; H1c). Furthermore, we expected depression status to have an effect,
with currently depressed individuals remembering the fewest words overall, never-depressed

individuals remembering the most words, and individuals in remission from depression


https://osf.io/escdr
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showing intermediate performance (group hypothesis; H2a). Finally, we predicted that the
effect of group would interact with valence, with the effect of affective relative to neutral
distractors being greatest in currently depressed individuals and weakest in never-depressed

individuals (group x valence hypothesis; H2b).

Method
Participants

Eighty participants (M age = 38.99, SD = 14.97; 63% females) were recruited from
the University of Cambridge, as well as via community advertisements. Participants met
study inclusion if they were above 18 years old, fluent in English, had no history of head
injury or current neurological disorders, normal or corrected hearing and vision, and if they

had a diagnosis of MDD that was not part of bipolar disorder and not due to bereavement.

Participants were recruited from across a range of depressive scores on the BDI-II
(Beck et al., 1996) and comprised of individuals with current MDD (N = 25), remitted-
recurrent MDD (N = 25), and never-depressed controls (N = 30). As indicated in the pre-
registration, the sample size was based on an effect size of having 90% power to detect a
group (current MDD, remitted-recurrent MDD, never-depressed) by valence (negative,
neutral) interaction as reported in our previous study (Schweizer & Dalgleish, 2016; np® =
0.19). Groups did not differ in age (F(2, 77) = 1.33, p =.270), gender (x*(4)) = 4.80, p = .309)
or verbal 1Q F(2, 76) = 1.50, p = .229. In addition, there were no significant differences
between groups in education, ethnicity, household income, trait anxiety, or WM as assessed
with the Digit Span (all ps >.05). As expected, there were significant differences between
groups in depressive symptomology (F(2, 76) = 60.132, p = <.005) and state anxiety (F(2,

76) = 15.350, p <.005). Data was missing for one participant due to a technical error and nine
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participants were excluded in order to match participants based on education and 1Q (see

update to pre-registration protocol).

Measures

Working memory. Affective WMC was measured with the Affective Picture Span
Paradigm (APSP; Schweizer & Dalgleish, 2016). The APSP comprised of two components, a
target storage task and an operation task, which were performed simultaneously in the
presence of either neutral or negative background images. For the target storage task,
participants were required to retain a set of 4-7 words (trial size), presented one word at a
time against a background image. Each trial size was presented twice for each valence
condition (neutral, negative), resulting in 16 blocks. The valence of the APSP was
manipulated by presenting emotionally negative or neutral background images, which were
selected from the International Affective Picture System. For the operation task, participants
counted shapes (4-6 shapes per trial) that appeared before and after a word was presented.
Participants were prompted to accurately enter the number of target shapes that appeared
after each trial using the computer keyboard (e.g., ‘How many pink squares did you see?’).
At the end of each block, participants were instructed to recall as many words as they could
remember. The proportion of words recalled correctly were computed for each trial size (4 -
7) and valence (neutral, negative), then proportions were calculated for the neutral and
depressed conditions across all trials, irrespective of whether words were recalled in the

correct position.

Depression. Depressive symptoms were assessed using Beck’s Depression Inventory
(BDI-I1; Beck et al., 1996), a well-validated measure of affective, cognitive, and physical

symptoms of depression (Arnau et al., 2001).
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Anxiety. The State-Trait Anxiety Inventory (Spielberger et al., 1983) was used to
assess state and trait anxiety (STAI-S/T). Both scales are well-validated with good internal

consistency and excellent test-retest reliability.

Verbal 1Q. The National Adult Reading Test (NART; Nelson, 1982) was used to

assess whether group differences in WMC were due to verbal intelligence.
Procedure

Prior to the study, participants provided written informed consent. Participants then
completed a demographic questionnaire followed by the BDI-1I, STAI, and NART, before
performing on the APSP. The presentation of the neutral and negative conditions of the APSP
were counterbalanced. Testing sessions were conducted in a soundproof cubicle on a desktop

computer and after completion participants were compensated for their time (£6 per hour).
Data analysis

To investigate the first research question, a group (lifetime history of MDD, never-
depressed) by valence (neutral, negative) repeated measures mixed-model ANOVA was
conducted. Valence was entered as the within-subjects factor and group entered as the
between-subjects factor. The lifetime history of MDD group was derived from a combination
of individuals with current MDD and remitted-recurrent MDD. This analysis was repeated to
investigate the second research question with group (current MDD, remitted-recurrent MDD,
never-depressed) as the between-subjects factor and valence (neutral, negative) as the within-

subjects factor. All assumptions for the models were met.
Results

In line with the valence hypothesis (H1a), there was a significant effect of valence

(F(1, 77) =5.593, p = .021, np? = .068) on WMC, with performance being more impaired in
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the context of negative images (M = .50, SD = .22) relative to neutral images (M = .53, SD =
.21). Supporting the depression hypothesis (H1b), there was a significant effect of depression
(F(1, 77) = 6.676, p = .012, np?> =.080). WMC in participants with a lifetime history of
depression was more lower compared to never-depressed participants (Table 1). However,
contrary to our depression x valence hypothesis (H2c), there was no significant interaction

(F(1, 77) = 1.513, p = .222, 02 = .019).

Table 1

WM Performance in Participants with a Lifetime History of MDD and Never-depressed

Controls

Never-depressed Lifetime history of MDD

n=30 n=49 Total
Neutral M (SD) 61 (.17) 48 (.21) 53 (.21)
Negative M (SD) .56 (.19) 46 (.23) 50 (.22)

Note. Neutral = proportion of words recalled correctly in the context of neutral images;
Negative = proportion of words recalled correctly in the context of negative images; Never-
depressed = individuals with no history of MDD; Lifetime history of MDD = combined
Current MDD and Remitted MDD groups; Total = total words recalled correctly across

neutral and negative trials

The second research question investigated whether performance on the APSP differed
in participants with current MDD compared to remitted MDD and never-depressed controls.

There was a significant effect of group (F(2, 76) = 3.298, p = .042, np?> = .080), in line with
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our group hypothesis (H2a). Never-depressed participants performed better on the APSP and
recalled the most words compared to current MDD participants who recalled the fewest
words (Table 2). Finally, again contrary to our group x valence hypothesis (H2b), there was

no significant interaction (F(2, 76) = 1.144, p = .324, np?>~.029).

Table 2

WM Performance in Current MDD, Remitted MDD, and Never-depressed Participants

Never-depressed  Remitted MDD Current MDD

n=230 n=25 n=24 Total
Neutral M (SD) 61 (.17) 47 (.23) .48 (.20) 53 (.21)
Negative M (SD) .56 (.19) 47 (.25) 45 (.21) 50 (.22)

Note. Neutral = proportion of words recalled correctly in the context of neutral images;
Negative = proportion of words recalled correctly in the context of negative images; Never-
depressed = individuals with no history of MDD; Remitted MDD = individuals in
remission from MDD; Current MDD = individuals currently suffering from MDD; Total =

total words recalled correctly across neutral and negative trials

Operation task performance. To control that the effects were not accounted for by a
trade-off between accuracy on the storage versus operation task, the group analyses were
repeated with accuracy on the operation task as the outcome. There was a significant

difference in accuracy across valence (F(1, 76) = 7.72, p = .007, np?> =.092), with higher
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accuracy in the neutral condition (M = .69, SD = .20) relative to the negative condition (M =
.65, SD = .20). However, there was no significant difference on the accuracy of the operation
task across groups (F(2, 76) = .699, p = .500, np?>= .018) and no significant interaction of
valence x group (F(2, 76) = .268, p = .765, np?> =.007). Furthermore, correlations revealed
that accuracy on the operation task was unrelated to WMC (all ps > .05), irrespective of

whether overall performance was investigated or performance split by valence.

Discussion

The present study investigated the impact of affective information on WMC in
depressed individuals. Replicating previous findings in psychologically healthy individuals
and individuals with PTSD (Schweizer & Dalgleish, 2016), individuals performed worse on
the APSP in the context of negative, relative to neutral distractor images. Furthermore, as
predicted, individuals with a lifetime history of depression showed lower overall WMC and
recalled fewer words on the APSP, compared to never-depressed individuals. When
comparing the groups across depression status, results revealed that in line with our
predictions, currently depressed individuals recalled the fewest words whilst never-depressed
individuals had the best recall performance. Individuals in remission from depression
performed at an intermediate level. However, there was no support for our depression x
valence hypothesis, with no differences found in WM performance in affective versus neutral
contexts between individuals with a lifetime history of depression and never-depressed
individuals. The interaction effect remained non-significant when exploring the effect of

current depression status (i.e., current, remitted, never-depressed).

The results demonstrate that affective distraction on the ASPS introduced through

task-irrelevant background images reliably reduces WMC compared to neutral background
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images. This is noteworthy as our meta-analysis of the relevant literature revealed that WM
tasks performed in affective compared to neutral contexts (i.e., including affective and neutral
stimuli respectively) do not reduce WM performance in health individuals (Schweizer et al.,
2019). The dual-task demands of the complex span task (i.e., visuospatial search and word
maintenance) completed in the context of task-irrelevant affective versus neutral distraction
provide an ecologically-valid analogue of completing higher order mental processes whilst

confronted with goal-irrelevant affective information (e.g., feelings, thoughts or memories).

In contrast with our predictions depressive state did not appear to interact with the
impact of these affective distractors. That is, while WMC was lower in individuals with a
lifetime history of depression compared to never-depressed individuals, the difference in
performance was not greater in the affective compared to the neutral condition. This finding
suggests that individuals with a history of depression were as able to ignore affective
distractors as psychologically healthy individuals. These findings are in contrast with studies
that have found valence specific deficits (e.g., Garrison & Schmeichel, 2019; Hubbard et al.,
2016a, 2016b). Moreover, meta-analytic evidence showing moderate to large differences
between healthy individuals and those with symptoms of depression in attention maintenance
toward negative images (Suslow et al., 2020) suggest sustained processing of the aversive
background images should interfere with WM encoding and maintenance as well as the
operation task in individuals with depression. However, as for WMC there was no evidence
of greater impairment on the shape detection operational task in individuals with a lifetime
history of depression compared to those who had never been depressed. Two potential
accounts of the current findings are: limited affective salience (Pessoa, 2009) and high

cognitive load.

The limited affective salience argument is that the negative stimuli included in the

current study, generic aversive images, may not have triggered deep self-referential
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processing that would take away cognitive resources from the goal-relevant task components
in individuals with a history of depression. In support of this account studies that facilitated
depth of processing using affective version of the reading span task, which required
depressed individuals to read negative sentences and semantically evaluate them, showed
reduced recall of unrelated words on these negative trials compared to healthy individuals
(Garrison & Schmeichel, 2019; Hubbard et al., 2016a, 2016b). However, a modified version
of the reading span task that where the operation component of the task explicitly required
self-referential processing of depressogenic sentences derived from the Dysfunctional
Attitude Scale (Weissman & Beck, 1978) showed no interaction effect between depressive
status and valence. Suggesting that limited affective salience may not, or only partially,

account for the lack of an interaction between depression status and valence.

An alternative account for the absence of greater impairment for negative trials in
individuals with a lifetime history of depression compared to never depressed individuals is
the high cognitive load imposed by the ASPS. The task is made cognitively demanding by
simultaneously engaging participants in two mentally challenging tasks. The task demands
may have been sufficient to reduce content processing prohibiting any depressogenic
rumination about the content of the affective images’ content. Research on anxiety has
previously shown that high cognitive load can reduce or even eliminate the effects of fear
conditioning (Yates et al., 2010) and encoding of highly aversive (trauma-analogue)
information (Holmes et al., 2010). Similarly, Hu and Wang (2021) showed that individuals
with subthreshold depression showed greater directed forgetting of negative information
under conditions of high load. Arguably again limiting more elaborate processing of the
negative stimulus material. Together these findings suggest that under high cognitive load
individuals with depression appear able to inhibit distraction from goal-irrelevant affective

information. Preliminary work suggests that an intervention increasing cognitive load as part
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of psychological therapy leads to greater reduction in depressive symptoms compared to a
control group that received psychological therapy without added cognitive load (Hu & Wang,

2021).

The current study constitutes a significant addition to the discourse about the nature of
the affective WMC in individuals with depression. The study was pre-registered and
adequately powered to detect an interaction effect based on work using this task in another
clinical sample. In line with a growing number of studies (Berman et al., 2011; Bertocci et
al., 2012; Foland-Ross et al., 2013; Joormann & Gotlib, 2008; Joormann, Levens, & Gotlib,
2011; Joormann, Nee, Berman, Jonides, & Gotlib, 2010; Ladouceur et al., 2005; Levens &
Gotlib, 2009, 2010; Tavitian et al., 2014; Yoon, LeMoult, & Joormann, 2014) the results
show no greater impairment in affective compared to neutral contexts in depressed
individuals. The mounting evidence suggests that theoretical models on the role of WM in
depression need to consider that WM problems in depression are not valence specific. That is,
there is a more generic reduction in cognitive capacity in individuals with a lifetime history

of depression.
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