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Abstract

Executive function (EF) deficits are associated with depression. Given that few prospective studies
have been conducted, it is unclear whether deficits contribute to depression or result from it. The
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present study examined whether self-reported EF prospectively predicted worsening of depression
symptoms. Time 1 (T1) shifting, inhibition, and working memory (WM) were assessed in relation
to T1 and time 2 (T2) depressive symptoms in participants pre-selected to range in risk for
depression. Analyses indicated that poorer EF at T1 predicted increases in depressive symptoms
and furthermore that this relationship was specific to WM. In contrast, a bidirectional relationship
was not evident, as depressive symptoms did not prospectively predict changes in EF. Finally, T1
EF accounted for T2 depressive symptoms beyond two well established predictors of depression:
depressive symptoms at T1 and rumination at T2. These findings suggest that EF deficits play an
active role in depression onset, maintenance, and/or recurrence.
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Introduction

Investigations of cognition-emotion interactions have revealed that cognitive deficits, such
as problems with memory and attention, are common during depressive episodes (Gotlib
and Joormann 2010; Levin et al. 2007). Furthermore, cognitive deficits have been found to
persist beyond depressive episodes (Austin et al. 2001). Cognitive deficits associated with
depression are typically evident during tasks that require effortful, rather than automatic,
processing (Hartlage et al. 1993). Theorized to require effortful rather than automatic
processing, top-down control of behavior is purported to help to guide behavior in line

with one’s intentions and goals (Miller and Cohen 2001). Thus, basic cognitive processes
(e.g., attention) may not be impaired in individuals with depression (Hertel and Rude 1991),
but rather the deployment and control of these processes is impaired, which in turn may
account for at least some of the cognitive impairments and biases associated with depression
(Levin et al. 2007).

Broadly, the processes by which individuals effortfully guide behavior toward a goal have
been referred to collectively as executive functions (EFs; Banich 2009). Deficits purported
to fall within the domain of EF have commonly been found in individuals with depression
using neuropsychological tests (Channon et al. 1993; Gohier, et al. 2009; Porter et al. 2003;
Purcell et al. 1997; for a review see, Snyder 2013), other behavioral tasks (Joormann and
Gotlib 2008; Rose and Ebmeier 2006), and self-report measures (Warren, Heller, and Miller,
under review).

Psychophysiological data also suggest a relationship between depression and EF deficits.
For example, individuals with depression commonly exhibit abnormal brain activity in
brain regions purported to implement EF (Engels et al. 2010; Herrington et al. 2010;
Warren et al. 2013). Hypoactivation in dorsolateral prefrontal cortex (DLPFC) and anterior
cingulate cortex (ACC), brain regions theorized to maintain task set and to select and
evaluate responses respectively (Banich 2009), are common findings in the literature (for
reviews, see Rogers et al. 2004; Murrough et al. 2011). Taken together, these findings
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suggest that depression is associated with a reduced and/or a less efficient ability to engage
cognitive-control networks during tasks that involve EF.

Although EF is not a unitary phenomenon (Miyake et al. 2000; Banich 2009), this is

not always considered in studies of depression. Many processes are thought to fall within
the domain of EF, including maintaining a representation of task goals and prioritizing
behaviors that facilitate achieving task goals (Banich 2009). However, not all purported EF
components are easily distinguished from others (e.g., “planning”), which can make them
difficult to study individually. Of the various processes that have been considered to fall
under the umbrella of EF, one prominent EF framework suggests that there are at least
three clearly definable EF sub-processes that are related but distinct; specifically, shifting,
inhibition, and updating of working memory (WM) representations (Miyake et al. 2000).
These components are defined as the ability to shift attention from one task or mental set
to another (shifting), the ability to override or suppress dominant or automatic responses
(inhibition, possibly not separate from a more general component accounting for shared
variance across all types of EF tasks), and the ability to actively manipulate and/or maintain
information during a brief time period (updating/WM: Miyake et al. 2000; Miyake and
Friedman 2012).

Once considered an epiphenomenon of depression (Austin et al. 2001), it has been suggested
that EF deficits play an active role in depressive episodes (Gotlib and Joormann 2010). For
example, in older adults executive dysfunction has been associated with poorer outcomes,

as well as depression recurrence and relapse (Alexopoulos 2003). One way EF deficits may
contribute to depression over time is by interfering with the ability to complete tasks in daily
life, which could be distressing and disruptive and hence foster depression.

EF deficits may also actively contribute to the course of a depressive episode by interfering
with recovery from negative moods (Gotlib and Joormann 2010). For example, individuals
with clinical depression have exhibited greater switch costs (shift costs) than controls during
tasks involving affective words (Lo and Allen 2011). Difficulties switching or shifting
attention away from affective information may lead to a prolonged focus on negative
material, which could maintain or increase negative affect and in turn maintain or increase
depressive symptoms. A prolonged focus on negative material could also be caused by
inhibition deficits, as suggested by Joormann and Gotlib (2008) to explain findings that
individuals with depression have difficulties preventing negative material from entering
WM.

Finally, EF deficits may actively contribute to depression by playing a role in precipitating
an initial depressive episode. In non-clinical samples, trait negative affect, a well-established
risk factor for depression, has been associated with decreased activity in brain regions
involved in top-down control of attention (an EF function) during emotional distraction
(Crocker et al. 2012) and with disrupted top-down control of attention on a non-emotional,
color-word Stroop in a negative affective context (Hur et al., under review).

Because the relationship between EF deficits and depressive symptoms has typically been
investigated cross-sectionally, it is unclear whether EF deficits predict depressive symptoms
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over time. Therefore, the present study assessed the relationship between EF deficits and
depressive symptoms prospectively. Furthermore, given that specific components of EF are
not always distinguished in studies of depression, the present study examined the predictive
power of shifting, inhibition, and WM. Additionally, because investigating EF deficits using
clinical samples may not provide a sufficient sampling of such relationships in populations
at risk, the present study used a non-clinical sample with a range of risk for depression.
Finally, laboratory tasks of EF can be limited in their ecological validity by providing

more structure and support for focus on a particular task than occurs in typical real-life
settings and thus may not fully capture EF deficits experienced by individuals in daily life
(Barkley and Murphy 2011). Therefore, EF deficits in the present study were assessed with
a well-established self-report measure (the Behavior Rating of Executive Function; BRIEF;
Roth et al. 2005).

The BRIEF provides information on a variety of functional impairments that individuals
experience in their everyday lives. It includes items about behaviors that index commonly-
recognized aspects of EF. Significant relationships between self-reported EF deficits and

a variety of constructs that are associated with deficient implementation of EF in daily

life have been reported, including academic procrastination (e.g., deficits in planning,
organization, and initiation; Rabin et al. 2011), Attention Deficit Hyperactivity Disorder
(ADHD; known to encompass multiple EF deficits, e.g., deficits in attentional control and
inhibition, poor judgment, etc.; Yers et al. 2009), and traumatic brain injury (associated
with documented deficits in EF tasks; see Toplak et al. 2013, for a review of studies that
have used the BRIEF in conjunction with performance-based measures). Furthermore, in a
sample of adults with mild cognitive impairment, BRIEF self-reports and informant reports
revealed similar patterns of EF deficits, indicating that self-reports can capture perceived EF
difficulties that are confirmed by others (Rabin et al. 2006). Thus, the BRIEF may be able
to provide insight into EF deficits that individuals experience in daily life that may not be
manifested on laboratory tasks.

Although EF deficits may predict depressive symptoms over time, a bidirectional
relationship between EF and depressive symptoms may exist, whereby depressive symptoms
contribute to EF impairment over time. Potential support for a bidirectional relationship
between depressive symptoms and EF comes from a longitudinal study by Biringer et al.
(2005), who found that EF was impaired in individuals with major depressive disorder
compared to health controls at time 1 (T1), and that EF improved as individuals recovered.
In addition, there was a direct association between decrease in depressive symptoms

and EF improvement. Furthermore, for individuals who recovered from depression,
neuropsychological task performance no longer significantly differed from that of healthy
controls. An interpretation of these results is that depressive symptoms actively contribute
to EF impairment. Therefore, the present study assessed whether depressive symptoms
predicted change in EF over time.

The present study also assessed whether EF deficits at T1 prospectively predicted depressive
symptoms distinct from variance associated with reported levels of rumination at time

2 (T2). Rumination has been defined as a perserverative focus on one’s symptoms of
distress (Nolen-Hoeksema 1991) and has consistently been associated with higher levels
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of depressive symptoms (Michl et al. 2013; Nolan et al. 1998; Segerstrom et al. 2000).
Given that a strong association between depressive symptoms and rumination has been
established, it would be useful to determine whether prior EF deficits predict current
depressive symptoms above and beyond rumination.

Finally, it has been suggested that some aspects of EF may mature during adolescence (e.g.,
inhibition of perseveration), while others may not mature until early adulthood (e.g., verbal
fluency; Romine and Reynolds 2005). Given that EF deficits may play a role in depressive
symptoms and that cortical immaturity associated with adolescence and early adulthood may
contribute to less efficient EF, the present study examined age as a possible confound in the
relationship between EF deficits and future depressive symptoms.

For the present study, depressive symptoms and perceived EF deficits were assessed at

an initial screening session (T1) and approximately 3 months later (T2). Rumination was
assessed at T2. It was hypothesized that worse EF in each component (shifting, inhibition,
WM) at T1 would be associated with increases in depressive symptoms from T1 to T2.

To investigate whether changes in depressive symptoms are independently associated with
specific EF components, we examined the predictive power of each EF component adjusting
for the others. Next, to investigate whether a bidirectional relationship between depressive
symptoms and EF exists, T1 depressive symptoms were used to predict change in EF.
Finally, EF deficits at T1 were used to predict T2 depressive symptoms controlling for T1
depressive symptoms and T2 rumination.

Of 756 undergraduates screened for the study as a facet of enrollment in an introductory
psychology course, participants were 52 (27 female) paid volunteers (mean age = 19.42
years, SD=1.72) selected based on a range of levels of trait positive and negative affect
using the Positive and Negative Affect Schedule (PANAS; Watson et al. 1988). Participants
were contacted if they 1) scored at or above the 80t percentile on one of the dimensions
and at or below the 50th percentile on the other dimension, or 2) scored at or below the
50t percentile on both dimensions. This recruitment strategy was employed to ensure the
sample would include participants with a range of risk for depression, since with random
sampling it would be less likely that high, low, and average levels of risk would be equally
represented. One recruited participant was excluded from the present study due to missing
data. Of the 51 participants included in this study, 20 had high positive affect, 16 had high
negative affect, and 15 had positive and negative affect scores below the 50t percentile.
Positive and negative affect scores on the PANAS were not targets of interest in present
analyses, so PANAS grouping was not utilized. All participants provided written informed
consent at the initial group screening (T1) and were compensated with course credit. At the
individual follow-up session approximately 3 months later (T2; M= 96 days, SD = 60 days),
participants provided written informed consent and were financially compensated.
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Questionnaires

Results

At T1 and T2, participants completed the 22-item Anhedonic Depression subscale of the
Mood and Anxiety Symptom Questionnaire (MASQ-AD; Watson et al. 1995a, b). The
MASQ-AD allows both categorical and dimensional analytic strategies. For the present
study, a dimensional approach was used to assess changes in depressive symptoms. Change
scores were calculated by subtracting T1 from T2 MASQ-AD scores. A positive change
score represented an increase in depressive symptoms over time.

At T1 and T2 participants completed the 75-item Behavior Rating Inventory of Executive
Function (BRIEF)—Adult Version (Roth et al. 2005). The BRIEF is a self-report measure
intended to assess EF over the past 6 months in an ecologically sensitive manner. The
measure provides scores for nine subscales measuring different EF components. For the
present study, the Shift (6 items; e.g., “I have trouble changing from one activity to
another™), Inhibit (8 items; e.g., “I have problems waiting my turn™), and WM (8 items;

e.g., “I forget what | am doing in the middle of things™) subscales were used to assess the
three EF components discussed above. Higher Shift, Inhibit, and WM scores represent worse
EF. Change scores were calculated by subtracting T1 from T2 EF scores. A positive change
score represented a worsening of EF over time.

Rumination was measured at T2 using the Rumination subscale of the Rumination—
Reflection Questionnaire (RRQ; Trapnell and Campbell 1999). In the RRQ, rumination

is characterized as chronic self-focus, often involving recurrent negative thinking about the
past (e.g., “l spend a great deal of time thinking back over my embarrassing or disappointing
moments”; Trapnell and Campbell 1999).

Participants also completed the 10-item Drug Abuse Screening Test (DAST-10) which asks
about drug use within the past 12 months (Skinner 1982) and the 10-item alcohol use
disorders identification test (AUDIT) which assesses average alcohol use (Saunders et al.
1993).

Table 1 reports means and standard deviations for the EF components and depressive
symptoms at T1 and T2.1 Depressive symptoms increased for 10 individuals, stayed the
same for 1 individual, and decreased for 40 individuals. Individuals whose MASQ-AD score
increased versus decreased did not differ in MASQ-AD scores at T1 [#(50) = -0.28].

Zero-order correlations revealed that the T1 and T2 BRIEF Shift, Inhibit, and WM scores
were each positively correlated with MASQ-AD scores at T1 and T2 (see Table 2).2 Thus,
as predicted, higher depression was associated with worse self-reported EF cross-sectionally.
Correlations between the MASQ-AD change scores and the T1 BRIEF Shift, Inhibit, and
WM scores revealed that WM and MASQ-AD change scores were positively correlated [

IThe sampling strategy of the present study included the vast majority of the range of depression symptoms and executive function
scores and there was no evidence of bimodality. In a study published by Fisher et al. (2007) a similar recruitment strategy was used,
and their sampling strategy also included the vast majority of the score distribution.

Because not all scores were normally distributed, Pearson and Spearman values were calculated when appropriate, as Spearman’s rho
is a nonparametric correlation which deals with non-normal distributions.
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(49) = 0.35, p< 0.05], indicating that worse self-reported WM at T1 was associated with

an increase in anhedonic depression over time (Fig. 1). The correlations between Shift and
MASQ-AD change scores and between Inhibit and MASQ-AD change scores were also in
the expected direction though not significant (for both, p=0.09). Neither DAST-10 nor
AUDIT scores were significantly correlated with depression change scores or T1 BRIEF
Shift, Inhibit, or WM. Furthermore, BRIEF WM continued to account for a significant
portion of variance in MASQ-AD change scores with DAST-10 and AUDIT scores included
in the first step of a hierarchical regression and MASQ-AD change scores entered in the
second step.

The specificity of the zero-order relationship between T1 BRIEF WM scores and change in
depression scores was evaluated in several ways. First, depression change was captured via
a hierarchical regression with T1 MASQ-AD scores entered in the first step and WM scores
entered in the second step, predicting T2 MASQ-AD scores. T1 BRIEF WM scores again
accounted for significant variance [total R% = 0.60, AR? = 0.10, ~change (1, 48) = 11.67, p
<0.01].

Second, a hierarchical regression was conducted with all three T1 EF scores (BRIEF Shift,
Inhibit, and WM) as predictors of depression change scores. When added last, BRIEF WM
remained a marginally significant predictor of MASQ-AD change scores [total R2 = 0.13,
AR? =0.06, £(50) = 1.68, p=0.10], whereas the other two did not approach significance.

Third, T1 MASQ-AD scores were entered first, and all three T1 EF scores were entered
second, predicting T2 MASQ-AD. BRIEF WM remained a marginally significant predictor
of T2 MASQ-AD scores [total R? = 0.61, AR? = 0.11, #(50) = 1.89, p= 0.07]. In contrast,
neither Shift nor Inhibit approached significance.

Next, whether depressive symptoms predict change in EF was assessed. Zero-order
correlations revealed that T1 MASQ-AD was not significantly associated with any of the
BRIEF change scores. Although zero-order correlations indicated that T1 MASQ-AD was a
predictor of T2 BRIEF Shift, Inhibit, and WM [r(49) = 0.52, p< 0.001, r(49) = 0.28, p<
0.05, and r(49) = 0.28, p< 0.05, respectively], three separate hierarchical regressions with
T1 BRIEF scores entered in the first step and T1 MASQ-AD scores entered in the second
step predicting T2 BRIEF scores revealed that the latter did not add significant variance.

A hierarchical linear regression was employed to determine whether T1 BRIEF WM
predicted T2 MASQ-AD scores above and beyond rumination reported at T2, with T1
MASQ-AD scores entered in the first step, T2 RRQ-Rumination in the second step, and T1
WM scores in the third step. Both RRQ-Rumination [total RZ = 0.67, AR? = 0.17, ~change
(1, 48) = 23.73, p< 0.001], and T1 BRIEF WM [total RZ = 0.69, AR? = 0.03, ~change (1,
48) = 4.27, p=0.04] added significant variance.

Finally, hierarchical regressions were utilized to evaluate age as a potential mediator of or
confound in the relationship between EF and change in depressive symptoms. Age was not
significantly related to depression change scores [R? = 0.007, ~(1,48) = 0.33, p=n.s.], and
age did not predict WM [R2 = 0.001, ~(1,48) = 0.05, p=n.s.], nor did it predict Inhibit
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or Shift. Furthermore, whether WM predicted depression change scores beyond age was
examined, and it did [total RZ = 0.36, AR2 = 0.13, ~change (1, 47) = 6.78, p= 0.01].

Discussion

Prior studies have reported associations between EF deficits and depression cross-sectionally
and this was confirmed in the present study. Using a prospective design, present results
indicate that perceived EF deficits in daily life anticipate subsequent increased depression. In
particular, present results provided support for the hypothesis that EF deficits, as measured
by self-report, would predict subsequent increases in depressive symptoms. Furthermore, a
specific component of EF, WM, was associated with an increase in depressive symptoms
over time, above and beyond the effects of initial depression. Specifically, WM predicting
depression was confirmed not only for concurrent (T1 WM and T1 depression, p< 0.01)

and prospective (T1 WM and T2 depression, p < 0.001) measurement, but for change in
depression over time (T1 WM and T2 depression minus T1 depression, p < 0.05). This
relationship was not a result of mediation by or confound with age (T1 WM and T2
depression minus T1 depression, with age partialed out, p < 0.01), and it largely survived
with the other two EF facets partialed out (p < 0.10). Thus, EF, and perhaps especially WM,
anticipates changes in depression.

The predictive utility of self-reported T1 EF was specific (p=0.10 and p= 0.07)

to the WM facet of EF. This specificity is consistent with research by Harvey et al.

(2004), who compared EF performance in controls to patients with clinical depression

and investigated associations between shifting, inhibition, updating WM, and clinical
measures (e.g., number of past hospitalizations) in the patient group. Shifting, inhibition,
and WM were significantly impaired in patients. However, only the n-back task performance
(purportedly an index of WM) was significantly negatively associated with patients’ number
of previous hospitalizations. Although more hospitalizations may be an indicator of more
depressive episodes, which may account for worse WM, it is also possible that WM deficits
leave individuals at risk for subsequent depressive episodes. Although the present study and
Harvey et al. (2004) support the possibility that deficits in certain EF components, such as
WM, actively contribute to depressive symptoms, few prospective longitudinal studies have
examined the relationship between EF and depressive symptoms and the predictive power
of separate subcomponents of EF. More research is needed to determine whether EF deficits
are a risk factor for the subsequent development of depression.

In contrast to perceived EF disruption predicting subsequent depressive symptoms, T1
depressive symptoms did not prospectively predict change in EF or EF at T2 beyond the
effects of initial EF. Connolly et al. (2014) also found that depressive symptoms at baseline
did not prospectively predict changes in EF approximately 15 months later. However, unlike
the present study, Connolly et al. (2014) did not find that EF at T1 predicted depressive
symptoms at T2. This discrepancy may reflect differences in procedures; Connolly et al.
(2014) used conventional laboratory neuropsychological tasks to assess EF, whereas the
present study used a self-report measure. Although both the present study and Connolly

et al. (2014) found that depressive symptoms did not prospectively predict changes in EF,
this could be attributable to the use of non-clinical samples. Higher levels of depressive
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symptoms may actively contribute to EF disruption. In the future, the value of depressive
symptoms predicting EF should be assessed using samples with more representation of
severe depressive symptoms.

That T1 predicted T2 depressive symptoms above and beyond initial depression and
rumination reported at T2 suggests that prior WM deficits play an important role in current
depressive symptoms. However, the mechanism by which impaired WM may contribute
to future depressive symptoms is unclear. It is possible that impaired WM leads to an
impaired ability to maintain and manipulate task-oriented material, which could lead

to disruptions in task performance in daily life. Over time, recurrent task performance
disruption could contribute to symptoms of distress, which may contribute to increases

in depressive symptoms. It is also possible that WM impairments disrupt coping efforts,
such as behavioral, cognitive, and/or emotional strategies (e.qg., effective problem-solving;
Nolen-Hoeksema et al. 2008) that serve to ameliorate negative thoughts and depressive
symptoms (Gotlib and Joormann 2010). Finally, WM deficits may affect the facility with
which negative material is removed from WM, which could foster a recurrent focus on
negative material and in turn could contribute to an increase in depressive symptoms.

The present study does not provide information regarding the cause of EF deficits at T1.
Past studies have found impairments in cognitive control in individuals with depression
when confronted with emotional information (Beevers et al. 2010; Ditcher et al. 2009;
Fales et al. 2008). Thus, cognitive deficits may be the result of negative cognition or
sustained engagement with emotional information that may reduce the capacity to engage
in or may divert attention away from tasks that require effortful processing (Ellis 1991;
Hartlage et al. 1993; Hertel 1997; Hertel and Rude 1991). An example of engagement
with emotional information that may be particularly disruptive to EF is rumination. EF
deficits have been associated with higher levels of rumination and greater EF deficits

in individuals with depression have been associated with higher levels of rumination
(Davis and Nolen-Hoeksema 2000; Joormann and Gotlib 2008). Although it is possible
that EF deficits contribute to rumination, it is also possible that a ruminative response
style precedes EF deficits and, when activated by distress, contributes to EF impairment.
Once impaired, EF deficits may play an active role contributing to depressive symptoms.
However, even if rumination leads to EF deficits initially, EF deficits could also actively
contribute to ruminative processes over time (e.g., by disrupting coping efforts). Hence it
is possible that there is a bidirectional relationship between EF deficits and rumination.
The relationship between EF deficits and rumination, as well as other variables that may
potentially contribute to EF deficits, should be examined further.

A limitation of the present study was the reliance on self-report to assess EF. Although
self-report can provide an indication of EF deficits in individuals’ daily lives, it is subject
to biases including social desirability (Furnham 1986) and inaccurate recollection. For
example, individuals (such as those with EF deficits) may not have insight into their
functional impairments, or they may over-report impairment due to negative cognitive
distortions and/or a pessimistic bias (Beck 1967; Strunk et al. 2006). Furthermore, they
may be unable to infer cognitive processes such as EF (Nisbett and Wilson 1977). However,
supporting the utility of the BRIEF, self-reported EF is associated with important functional
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outcomes as measured by both self-report and independent measures (e.g., driving records
of DUI citations, informant reports), including criminal activity (Barkley and Murphy 2011),
occupational impairment (Barkley and Murphy 2010), academic procrastination (Rabin et al.
2011), and psychopathology (Knouse et al. 2013). In the future, the impact that perceived EF
deficits have on individuals’ daily function should be confirmed using other measures, such
as informant reports, psychophysiological assessments, ecological momentary assessments,
and/or activity/sleep trackers.

Another limitation of the present study was that although on average individuals completed
T2 approximately 3 months following T1 (M= 96 days), there was variability in how

long individuals completed T2 after T1 in the time between T1 and T2 (M= 96 days,

SD = 60 days). The present study was part of a larger project, which involved recruiting
individuals based on questionnaire scores from a group screening session (T1) to complete
a multi-session laboratory study that included EEG/ERP and fMRI data collection (T2).
Although all individuals were all recruited for T1 at approximately the same time, they
were brought back for T2 at different intervals. In the future, time lapses should be held
consistently across individuals to reduce the potential confounding effects of third variables.
Exploratory analyses using time lapse as a predictor did not alter findings reported here.

The present study found that a perceived deficit in WM predicted increases in depressive
symptoms. Recent work indicates that training can improve EF (for a review, see Crocker
et al. 2013) and improve outcomes of psychopathology. Intervention strategies aimed at
improving WM may prevent or reduce impairments in daily function, which may in

turn lessen distress and/or rumination, and thus moderate the likelihood of subsequent
depression. It is also possible that improvements in WM would enhance effective coping
strategies which would reduce negative effects of stressors and contribute to the prevention
of depression.
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Fig. 1.

Scatterplot showing the association between working memory (WM) scores and anhedonic
depression (AD) change scores. Higher WM scores represent worse self-reported WM,
and positive Mood and Anxiety Symptom Questionnaire AD (MASQ-AD) change scores
represent an increase in depressive symptoms from time 1 to time 2
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