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A B S T R A C T

Background: Executive function and psychomotor speed are consistently impaired in patients with major de-
pressive disorder (MDD). Persistent cognitive impairments after depression remission are thought to reflect
“scarring” from the neurotoxic effects of hypothalamic-pituitary-adrenal axis activity during a depressive epi-
sode. As sleep also deteriorates with depression and restores daytime executive functions, we examined whether
adequate sleep could be protective against task-switching and psychomotor impairments associated with a
history of MDD.
Methods: This cross-sectional study tested task-switching associations with MDD history, sleep, and their in-
teraction to determine whether sleep continuity and sleep duration moderate the relationship between MDD
history and task-switching performance.
Results: After adjusting for age, sex, education, current depressive symptoms, and use of anti-depressants, a
history of MDD, particularly recurrent MDD, was associated with slower response speed and disproportionately
lower accuracy on repetition trials compared to switch trials, reflecting impaired adoption of a task-set.
Regardless of MDD history, higher wake after sleep onset and shorter total sleep time were associated with
slower response times, but neither sleep measure moderated the association between depression history and
task-switching performance.
Limitations: This cross-sectional study cannot assess the causal direction of associations. One night of sleep in the
laboratory was used to assess sleep and a single task-switching paradigm was used to assess executive function.
Conclusions: These results suggest that longer, more continuous sleep is associated with greater psychomotor
speed across healthy controls and those with a history of MDD, but MDD-task-switching associations are not
mitigated by longer or more continuous sleep.

1. Introduction

Cognitive function is commonly impaired in patients with major
depressive disorder (MDD) with the most common deficits in sustained
attention, short-term memory, psychomotor slowing (Gorwood et al.,
2014; Paelecke-Habermann et al., 2005), and executive functions, such
as task-switching or set-shifting (Austin et al., 2001; Snyder, 2013;
Vanderhasselt and De Raedt, 2009). Beyond impairments concurrent
with depression, a major depressive episode is thought to have lasting
neurotoxic effects, or “scarring” (Santesso et al., 2008), within brain

regions responsible for regulating the hypothalamic-pituitary-adrenal
(HPA) axis through executive control, including the frontal cortex,
anterior cingulate, basal ganglia, and hippocampus (Jacobson and
Sapolsky, 1991; Schmaal et al., 2015; Sheline et al., 1999).

Prolonged HPA axis activity during a depressive episode leads to
changes in cortical and hippocampal serotonin receptors and loss of
trophic support from brain derived neurotrophic factor (BDNF) protein
(Willner, 2017), leading to shrinkage of dendritic spines, loss of granule
cells, and suppression of hippocampal neurogenesis (Willner, 2017), as
well as reduced density and length of apical dendrites of the anterior
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cingulate cortex (Radley et al., 2004). Such cortical reorganization may
contribute to cognitive impairments following a depressive episode.
Accordingly, many studies have shown that patients with remitted
depression continue to show impairments in executive function and
psychomotor speed (Hasselbalch et al., 2011), and more numerous
depressive episodes may be associated with greater impairments
(Vanderhasselt and De Raedt, 2009). As MDD is the leading cause of
disease burden world-wide (Moussavi et al., 2007), identification of
factors that moderate the cognitive effects of MDD history may be
promising in mitigating functional impairments, as well as minimizing
risk for subsequent MDD episodes (Vanderhasselt and De Raedt, 2009),
by suppressing the response of the HPA axis to stress (Radley et al.,
2004).

As sleep disturbances are often co-morbid with depression
(Bei et al., 2018; Franzen and Buysse, 2008; Sadler et al., 2018) and
adequate sleep supports cognitive functions including executive func-
tion and attention (Anderson and Horne, 2003; Basner et al., 2013;
Couyoumdjian et al., 2010; Killgore, 2010; Muzur et al., 2002; Pace-
Schott and Spencer, 2011; Wilckens et al., 2018, 2016, 2014b), better
sleep could be protective against executive function and psychomotor
impairments arising from a history of MDD (Mander et al., 2016). We
tested this hypothesis in 28 adults with no history of MDD and 25 re-
mitted adults with a history of MDD. Measures included polysomno-
graphic (PSG) sleep assessments of wake after sleep onset (WASO) and
total sleep time (TST), clinician-based assessments of depression history
and current depressive symptoms, and an objective task-switching
paradigm. This paradigm assessed overall accuracy and response speed
to assess overall performance and psychomotor speed, and effects of
switching on accuracy and response speed as measures of executive
function.

2. Methods

2.1. Study overview

This report reflects a secondary analysis from a study of major de-
pression history and cardiovascular disease risk (HL104607) that was a
follow-up to four larger cohort studies as described previously
(Brindle et al., 2018). We briefly describe these procedures below. At
the time of the follow-up study, participants completed a clinician-
based psychiatric interview including the Hamilton Depression Rating
Scale (HDRS), a computer-based task-switching experiment, and two
nights of overnight polysomnographic (PSG) sleep assessments in the
laboratory.

2.2. Participants

Participants were originally recruited for four cohort studies at the
University of Pittsburgh between 1982 and 1999. One study was fo-
cused on sleep in adults without personal or first-degree family history
of psychiatric disorders (MH024652) (Ehlers et al., 1998). The other
three studies were focused on sleep in individuals with MDD
(MH029618, MH049115, MH041884) (Carrier et al., 2001;
Ehlers et al., 1998; Frank et al., 2008; Thase et al., 1997). Three hun-
dred and thirty-nine participants were re-contacted between 2010 and
2014 to participate in a study of sleep, depression, and cardiovascular
disease risk. Of the 177 that consented to the follow-up study, 70
participated in a task-switching experiment that was added to the
protocol in 2012.

For the purposes of the present analyses which focused on MDD
history in middle and older age, we excluded participants with current
MDD (n = 7), participants with a history of psychosis or bipolar dis-
order (n = 7), and participants younger than 40 years of age (n = 3).
Three participants opted not to complete the PSG assessment, but
otherwise had both task-switching and MDD history data; these parti-
cipants were included in all possible analyses to optimize statistical

power for main effects of MDD history. The remaining 50 participants
included in the present analyses ranged from 48 to 79 years of age.

Participants were grouped based on MDD history in two ways:
lifetime MDD history and recurrent MDD history. Participants who had
at least one major depressive episode in their lifetime were categorized
into the lifetime MDD history group (n = 25). Participants included in
the no lifetime MDD history group reported no history of major de-
pression in their lifetime (n = 28). One control participant was diag-
nosed with depression not otherwise specified at the time of the PSG
study and one participant with an MDD history was diagnosed with
post-traumatic stress disorder at the time of the PSG study. Sensitivity
analyses on significant results excluding these two participants did not
lead to any changes (data not shown). Participants were also grouped
based on recurrent MDD history. Participants who had more than one
major depressive episode were categorized into the recurrent MDD
history group (n = 17). Participants who had one or less major de-
pressive episode were categorized in the no recurrent MDD history
group (n = 36). This study was approved by the University of
Pittsburgh Institutional Review Board. All participants provided written
informed consent and were compensated for their participation.

2.3. Assessments

2.3.1. Clinical interview
Participants completed a mental health assessment upon entering

the follow-up study. This assessed lifetime psychiatric history through a
Structural Clinical Interview for DSM-IV Axis I Disorders (Spitzer et al.,
2002) with a trained clinician. Clinicians also completed the 17-item
HDRS to assess current depressive symptoms.

2.3.2. Task-switching paradigm
The task-switching paradigm has been described elsewhere

(Wilckens et al., 2017, 2014b) (Fig. 1). Briefly, participants were asked
to view a single-digit number on the screen and perform one of two
tasks on a trial-by-trial basis. In one task they judged whether the single
digit number was greater than or less than 5 (the probe number was
never 5); in the other task, they judged whether the number was odd or
even. For each trial, the number was inside a circle or a square. The

Fig. 1. Task-switching paradigm. A sample sequence of trials from the
switching block of the task-switching paradigm. A circle cues the participant to
judge whether the subsequent number is greater than or less than 5. On the first
trial, the number is 6, so the response is “greater than 5″. The next trial (a
switch trial) cues the participant with a square to judge whether the number is
odd or even, the number is 2, so the response is “even”. The subsequent trial is a
repeat, and the answer is “odd” for 9. The cue-target interval varied (0, 750,
and 1500 ms). The cue-target interval was included as a covariate in the present
analyses. Figure adapted from (Wilckens et al., 2017, 2014b).
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circle cued the participant to perform the greater than/less than task,
and the square cued the participant to perform the odd/even task.
Participants had a practice block to familiarize themselves with the
experiment and the task cues. They subsequently completed a single
task block of each of the two tasks, and then completed a switching
block where the shape task cue varied trial-by-trial. The cue was either
the same as the previous trial (repeat) or was different from the pre-
vious trial (switch). Time to prepare on each trial was manipulated by
varying the interval between the shape cue and the probe number
(0 ms, 750 ms, or 1500 ms).

2.3.3. Polysomnography (PSG)
Participants completed a two-night PSG sleep assessment. The first

night served as an adaptation night and apnea screen. The second night
was used in the current analyses to avoid first-night effects
(Agnew et al., 1966). Wake after sleep onset (WASO) was calculated as
the number of minutes spent awake after sleep onset. Total sleep time
(TST) was calculated as the number of minutes spent sleeping across the
night. WASO and TST were chosen as sleep variables of interest because
these two measures are most consistently associated with executive
function in middle age and older populations (Scullin and
Bliwise, 2015; Wilckens et al., 2014a,b).

2.4. Statistical analyses

Multivariate analyses of variance (MANOVA) and chi square tests
were used to characterize the sample in terms of demographic, clinical,
and sleep variables as a function of lifetime MDD history and recurrent
MDD status (Table 1). Continuous demographic and clinical variables
(age, education, and HDRS) were included as dependent variables in
one MANOVA testing MDD history group differences. Categorical de-
mographic and clinical variables (sex and antidepressant usage) were
tested as a function of MDD history with chi square tests. A second
MANOVA to characterize the MDD history groups in terms of sleep
dependent variables (WASO, TST, and AHI) included all demographic
and clinical variables as covariates (age, sex, education, HDRS, and
antidepressant usage).

The main analyses consisted of two sets of repeated measures
ANOVAs to assess main effects and interactions between depression
history, sleep measures, and task-switching performance as a function
of overall accuracy and response time and interactions with block type
(single task block or switching block). A second set of repeated mea-
sures ANOVAs tested interactions with switch condition (repeat or
switch trial). Interactions with block type allowed us to assess global
switch costs which reflect the costs associated with managing two tasks
within the switching block compared with the single task block
(Kray and Lindenberger, 2000). Interactions with switch condition al-
lowed us to assess local switch costs within the switching block which

reflect the costs associated with adopting and maintaining a task-set on
repeat trials, and disengaging from a task-set on switch trials (Kray and
Lindenberger, 2000). Overall response speed across single and
switching blocks was considered a proxy for condition-independent
psychomotor slowing (White et al., 1997). Although the task-switching
paradigm also varied in preparation time, we chose to simply account
for preparation time but not test for preparation time interactions for
the current analyses as this would involve three-way interactions with a
three-level factor that would be difficult to interpret and may be
spurious with the current sample size. Preparation condition was ac-
counted for by including it as a repeated measure in the ANOVAs
testing effects of switch condition in the switching block, without as-
sessing preparation condition interactions. Post-hoc simple slope ana-
lyses were tested for significant associations involving sleep variables.

Analyses were run with age, sex, and education as covariates, as
these factors are commonly associated with task-switching performance
and the sleep measures examined here. For significant associations in-
volving depression history, sensitivity analyses additionally adjusted
for current depressive symptoms with the HDRS excluding sleep ques-
tions and current antidepressant use. Significant associations involving
sleep variables additionally adjusted for apnea hypopnea index (AHI) to
minimize the likelihood that sleep-cognition associations were driven
by cognitive impairments arising from sleep-disordered breathing.
Results are reported before and after Holm-Sidak multiple comparisons
correction to account for the four factors (lifetime and recurrent MDD
history and WASO and TST) assessed. Data from analyses reported here
will be made available upon request.

3. Results

3.1. Demographic, clinical, and sleep characteristics

Table 1 displays the demographic, clinical, and sleep characteristics
for study participants. Compared to control participants, those with a
history of MDD had higher current depressive symptoms and they were
more likely to be taking antidepressants at the time of the study. Similar
differences were found between those with and without recurrent de-
pression. In addition, those with recurrent depression were more likely
to be female.

3.2. MDD history

Main effects of MDD history on performance and interactions with
block (single-task versus switching) and switch condition (repeat versus
switch) are displayed in Table 2 for accuracy and Table 3 for response
time. Both lifetime MDD history and recurrent MDD history showed
significant associations with conditions of task-switching performance
after adjusting for age, sex, and education. Overall accuracy and

Table 1
Demographic, clinical, and sleep characteristics as a function of lifetime depression status and recurrent depression status.

No lifetime MDD Lifetime MDD F/Chi square p No recurrent MDD Recurrent MDD F/Chi square p
n 28 25 36 17

Age 59 (7.95) 63 (9.23) 2.79 0.10 59 (8.43) 64 (8.62) 3.87 0.06†
Sex% Female 50% 72% 2.67 0.10 50% 82.4% 5.05 0.025
Education 6.75 (1.21) 6.20 (1.73) 1.83 0.18 6.58 (1.20) 6.29 (1.99) 0.43 0.51
HDRS (no sleep) 1.18 (1.61) 4.96 (3.34) 28.58 <0.001 2.06 (2.74) 4.88 (3.28) 10.85 0.002
% Current Antidepressants 8% 44% 8.96 0.011 8.3% 64.7% 20.52 <0.001
PSG WASO 52.14 (50.24) 74.74 (40.74) 0.49 0.49 54.92 (46.82) 79.97 (43.01) 1.51 0.23
PSG TST 387.08 (64.78) 408.94 (66.65) 0.003 0.96 397.48 (12.06) 399.05 (17.26) 0.69 0.41
PSG AHI 7.31 (10.01) 9.44 (12.13) 0.33 0.57 7.26 (10.10) 10.54 (12.76) 2.70 0.11

Means with standard deviations in parentheses are presented unless otherwise noted. F and p values represent main effects of MDD history based on MANOVA or chi
square. One MANOVA tested group differences in continuous covariates (age, education, and HDRS). Chi square was used to test group differences in dichotomous
covariates (sex and current use of antidepressants). A second MANOVA controlled for all covariates while testing PSG variables. For PSG variables, n = 25 for no
lifetime MDD, n = 25 for lifetime MDD, n = 33 for no recurrent MDD and n = 17 for recurrent MDD. Degrees of freedom (df) are 1,51 for covariates, and 1,44 for
PSG variables. Bold font denotes significant between group differences, p < 0.05.
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response time were significantly poorer in the recurrent MDD history
group (Fig. 2a). Both lifetime MDD history and recurrent MDD history
showed a significant interaction with switch condition, whereby those
with an MDD history had significantly poorer accuracy particularly in
the repeat condition (Fig. 2b), which measures successful adoption of a
task-set (Morcom and Rugg, 2002; Wilckens et al., 2011). These re-
lationships persisted after accounting for HDRS-assessed current
symptoms of depression and current use of antidepressants, with the
exception of a marginally significant lifetime MDD history × switch
interaction after adjusting for antidepressant use (p < 0.1 [Table 2]).
Effects of MDD history on accuracy persisted after correcting for mul-
tiple comparisons.

3.3. Sleep and interactions with MDD history

Both higher WASO and shorter TST were linearly associated with
slower response times across task blocks (single-task and switching
blocks) (Table 3, Fig. 3a), and this relationship was moderated by block
for WASO (Table 3). The relationship with WASO was stronger for
switching block response time (Fig. 3b) (β = 0.336, t = 2.98,
p = 0.005 for the switching block, and β = 0.203, t = 1.681, p = 0.10
for the single task blocks). Significance was unchanged after adjusting
for AHI. Only the association between WASO and response time sur-
vived Holm-Sidak multiple comparisons correction. Although WASO
had one outlier > 3 standard deviations above the mean, the
block × WASO interaction on response time was marginally significant
in the same direction after removing this outlier (F(1,42) = 3.47,
p = 0.07). Both WASO and TST relationships with response time were
not moderated by switch condition (switch versus repeat) (Table 3) and
there were no significant linear relationships between PSG-assessed
sleep and accuracy (Table 2).

Contrary to our hypotheses, there were no significant interactions
between WASO or TST with MDD history for accuracy or response time
(Tables 2 and 3), irrespective of whether analyses did or did not adjust
for current depression symptoms. The simple slopes for the relationship
between sleep and response time across blocks and within the switching
block separated by recurrent MDD history status are presented in Fig. 3.

3.4. Summary of results

A history of MDD, particularly recurrent MDD, was associated with
slower response speed and disproportionately lower repeat condition
accuracy. Across patient types, higher WASO and shorter TST were each
associated with slower response times regardless of MDD history. MDD
history and PSG-assessed sleep did not interact in their association with
task-switching accuracy or response speed.

4. Discussion

4.1. Effects of MDD

A history of major depression may have persistent neurotoxic effects
that impair executive functions and lead to cognitive slowing even after
patients are remitted. Here we found that individuals with a history of
MDD, particularly recurrent MDD, showed significantly poorer perfor-
mance in terms of overall accuracy and response speed, as well as im-
paired task-set adoption when switching between tasks (lower accuracy
boost on repeat trials). These associations persisted after adjusting for
current depressive symptoms. Specifically, recurrent MDD history was
associated with overall slowing, unmoderated by block (single task or
switching), and poorer overall performance across task blocks.
Moreover, lifetime MDD history and recurrent MDD history were also

Table 2
Associations with accuracy adjusting for age, sex, and education.

Overall accuracy Interaction with block (Single vs Switching) Interaction with switch condition (Switch vs Repeat Trial)
F p value F p value F p value

Lifetime MDD 1.26 0.268 0.00 0.990 6.30 0.015⁎⁎

Recurrent MDD 7.28 0.010*,⁎⁎ 0.05 0.833 19.00 <0.001*,⁎⁎

PSG WASO 0.31 0.581 0.97 0.330 1.76 0.191
PSG TST 0.05 0.827 1.21 0.277 1.22 0.276
Lifetime MDD* PSG WASO 0.15 0.699 0.69 0.410 0.23 0.631
Recurrent MDD*PSG WASO 0.32 0.577 0.49 0.490 0.04 0.851
Lifetime MDD* PSG TST 0.01 0.919 0.01 0.932 0.05 0.827
Recurrent MDD*PSG TST 0.13 0.724 0.07 0.797 0.65 0.425

F and p values represent main effects and interactions involving task-switching accuracy based on repeated measures ANOVA. Bold font denotes significant asso-
ciations, p < 0.05.

⁎ Denotes significance after adjusting for antidepressants.
⁎⁎ Denotes significance after adjusting for current depression symptoms.

Table 3
Associations with Response Time (RT) controlling for age, sex, and education.

Overall RT Interaction with block (Single vs. Switching) Interaction with switch condition (Switch vs Repeat Trial)
F p value F p value

Lifetime MDD 1.12 0.295 0.28 0.599 0.13 0.718
Recurrent MDD 5.17 0.028*,⁎⁎ 2.01 0.163 0.13 0.718
PSG WASO 6.79 0.012a 6.55 0.014a 1.83 0.183
PSG TST 5.73 0.021a 1.65 0.205 0.61 0.441
Lifetime MDD* PSG WASO 0.03 0.862 0.06 0.809 0.63 0.432
Recurrent MDD*PSG WASO 0.06 0.804 0.54 0.465 0.84 0.366
Lifetime MDD* PSG TST 0.02 0.903 0.02 0.881 1.25 0.271
Recurrent MDD*PSG TST 0.02 0.896 0.002 0.968 0.70 0.408

F and p values represent main effects and interactions involving task-switching RT based on repeated measures ANOVA. Bold font denotes significant associations,
p < 0.05.

⁎ Denotes significance after adjusting for antidepressants.
⁎⁎ Denotes significance after adjusting for current depression symptoms.
a denotes significance after controlling for AHI in analyses with sleep variables.
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associated with impaired task-set adoption, as evidenced by the absence
of a boost in performance on repeat trials compared to switch trials, as
is expected in the current paradigm (Kray and Lindenberger, 2000;
Monsell, 2003; Wilckens et al., 2014a). These findings are consistent

with other studies showing lasting effects of depression on set-shifting
(Austin et al., 2001; Snyder, 2013; Vanderhasselt and De Raedt, 2009)
and psychomotor speed (Hasselbalch et al., 2011) in remitted patients.
Our findings extend these data by showing that these effects are most

Fig. 2. Main effects and interactions with
MDD history group. A) Overall accuracy (left)
and overall response time (right) were sig-
nificantly poorer in the recurrent MDD group.
B) Lifetime MDD history and recurrent MDD
history significantly interacted with switch
condition in accuracy. The expected perfor-
mance boost associated with repeat trials was
attenuated in participants with an MDD his-
tory.

Fig. 3. Simple slopes for response time with
WASO and TST stratified by MDD recur-
rence. WASO (left) and TST (right) are asso-
ciated with overall response time (RT) across
both the single task and switching blocks (A)
and limited to the switching block (B). The
main effect of recurrent MDD history group
and sleep did not significantly interact in their
relationship with performance (response time
shown here). Simple slopes are significant at
the sample mean for WASO and TST,
*p < 0.05.
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consistent in individuals with a recurrent MDD history and are not
driven by current depression symptoms, as participants with current
MDD were excluded and analyses adjusted for current symptoms of
depression. Overall, the main effects of MDD history suggest a deficit in
both psychomotor speed as well as executive function characterized by
impaired task-set adoption when task-switching for individuals with a
history of MDD.

It is worth noting that in this sample we did not find significant
effects of MDD history on the sleep variables tested. This finding is
consistent with a meta-analysis which demonstrated that despite sig-
nificant disturbances in sleep efficiency and duration (Mayers and
Baldwin, 2006) during a depressive episode, after remission only sleep
architecture variables (slow-wave sleep and rapid eye movement sleep)
show persistent effects (Pillai et al., 2011).

In line with the view that a history of MDD is associated with long-
lasting executive and psychomotor impairments, one study found im-
pairments on a Stroop inhibition task both during a depressive episode
and after significant depressive symptom improvements six months
later (Hammar et al., 2010). Moreover, a meta-analysis of depression
history and brain volume showed that recurrent MDD, but not single-
episode MDD, was associated with smaller hippocampal volume
(Schmaal et al., 2015). These studies, combined with our current
findings, may suggest a dose-response relationship whereby more fre-
quent depressive episodes lead to longer lasting neurocognitive deficits,
even after remission. Alternatively, executive function and psycho-
motor impairments may interfere with top-down regulation of the HPA-
axis, contributing to relapses in depression, in line with the view that
attention-based cognitive therapies are promising for avoiding relapse
(Davidson, 2016; Teasdale et al., 1995).

4.2. Associations with sleep

Across MDD history groups, higher WASO and shorter TST were
associated with slower response speed, with WASO showing stronger
relationships with response speed in the switching block. This finding
suggests that WASO is associated with greater global switch costs.
These costs reflect the effort to coordinate and manage two tasks in a
switching block, compared to managing one task in a single task block
(Kray and Lindenberger, 2000). Associations among impaired sleep
continuity and shorter sleep durations and response speed in the pre-
sent study are consistent with our and others’ prior studies showing a
specific association between WASO and task-switching (Bratzke et al.,
2009; Couyoumdjian et al., 2010; Wilckens et al., 2017, 2014b), and
specifically the task-coordination process captured by global switch
costs (Wilckens et al., 2014b), as well as our prior findings of a re-
lationship between shorter TST and slower response time
(Wilckens et al., 2014b). Moreover, the fact that associations with re-
sponse time were stronger than associations with accuracy is consistent
with our prior study of actigraphy-assessed sleep and task-switching
(Wilckens et al., 2014b).

Contrary to our hypotheses, the association between MDD history
and task-switching was not moderated by WASO or TST across any of
the cognitive conditions assessed. These results fail to support our hy-
pothesis that adequate sleep may be protective against executive and
psychomotor impairments associated with recurrent depression.
Instead, our results suggest that a history of recurrent MDD is associated
with cognitive impairments despite remission, and that cognitive im-
pairments relative to controls are not tempered with more adequate
sleep. Nonetheless, the significant main associations with WASO and
TST suggest that participants with and without a history of MDD benefit
similarly in psychomotor speed and task coordination from lower
WASO and longer TST.

Two prior studies of sleep-cognition relationships suggest differ-
ences in the sleep-cognition association depending on current depres-
sion symptoms. One study (Mellor et al., 2018) found significant
moderating effects of current depression on the association between

shorter TST and slower working memory speed and higher WASO and
slower executive function speed (response inhibition), whereby sleep-
response time associations were stronger in participants with current
MDD. These findings are broadly consistent with our linear associations
with WASO and TST across MDD history status. Another study
(Sutter et al., 2012) found that individuals with greater symptoms of
subclinical depression showed a stronger relationship between sub-
jective sleep quality and several domains of cognition, including set-
shifting, reasoning, and fluency. These prior studies, though testing
effects of current depression, converge with the present results to sug-
gest that higher WASO and shorter TST are associated with executive
function and psychomotor speed in individuals with depression as well
as those with remitted depression.

4.3. Limitations and future directions

The current study has several limitations with respect to assessing
the protective role of sleep in the “scarring” effects of MDD. Although
our findings show more robust and consistent effects with a recurrent
depression history, and although we adjusted for current depressive
symptoms, we cannot confirm the directionality of MDD-cognition as-
sociations due to the study's cross-sectional design. Alternatively, given
that executive function deficits common in MDD are critical for emotion
regulation, associations with MDD history may precede a depressive
episode (i.e., individuals with executive function deficits have poorer
emotion regulation leading to a depressive episode (Snyder, 2013)).
Moreover, participants with a depression history were more likely to be
taking antidepressants at the time of the study, which can affect sleep
(Wichniak et al., 2017) and exhibit some benefits to cognitive function
(Papakostas, 2015). Studies assessing executive function over the
course of the onset and remission of depressive could address some of
these issues.

Higher WASO and shorter TST were linearly associated with slower
response speed across MDD history groups, but these sleep measures
did not moderate the association between MDD history and any of the
assessed task-switching measures. Although these null findings may be
a function of low statistical power due to the size of the sample, the
interactions did not approach significance (e.g., all p-values > 0.27,
and many p-values > 0.90) despite robust main associations with MDD
history and sleep. Nonetheless, the question of whether sleep may
moderate effects of depression on cognition is worth pursuing in other
experimental designs. For instance, in the current study, sleep was
measured while participants were euthymic. Whether high sleep con-
tinuity and adequate sleep time during a depressive episode is protective
against cognitive impairments and neurotoxicity remains an open
question. Moreover, even though the single night of PSG-assessed sleep
measured here was adequate to detect sleep-performance associations,
a single night may be inadequate to assess the moderating role of sleep
in MDD. Future work measuring sleep over longer periods of time
during and after a depressive episode with polysomnography or acti-
graphy may be beneficial in addressing the proposed questions.

The current study had a relatively wide age range (48–79 years),
which likely enhanced variability in relation to age-related cognitive
impairments and underlying cortical atrophy, independent of depres-
sion history. Studies examining cognitive impairments and cortical
atrophy in middle age and older adults separately may help to clarify
the mechanisms of cognitive deficits arising from a history of depres-
sion and provide more experimental control to assess the potential role
of sleep.

Finally, although the current task-switching paradigm used multiple
task conditions to assess task-set adoption and psychomotor speed, it
did not include a wide battery of cognitive testing, nor did it assess
cognitive change over time. Thus, it remains a possibility that other
aspects of cognition not measured here could be associated with MDD,
sleep, and the interaction between the two.

K.A. Wilckens, et al. Journal of Affective Disorders 265 (2020) 216–223

221



5. Conclusions

In a sample of middle age and older adults, MDD history, particu-
larly a history of recurrent MDD, is associated with poorer psychomotor
speed and executive function assessed with adoption of a task-set.
Higher WASO and shorter TST are associated with slower response
speed, particularly when switching tasks, but these sleep measures do
not mitigate the task-switching impairments with an MDD history.
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