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Abstract

Depression has been shown to negatively impact neurocognitive functions, particularly those
governed by fronto-subcortical networks, such as executive functions. Converging evidence
suggests that depression-related executive dysfunction is greater at older ages, however, this

has not been previously confirmed by meta-analysis. We performed a systematic review and meta-
analysis, using three-level models, on peer-reviewed studies that examined depression-related
differences in cognitive control in healthy community-dwelling individuals of any age. We
focused on studies of cognitive control as defined by the National Institute of Mental Health
(NIMH) Research Domain Criteria (RDoC) framework, which centers on goal-directed behavior,
such as goal selection (updating, representations, maintenance), response selection (inhibition or
suppression), and performance monitoring. In 16,806 participants aged 7 to 97 across 76 studies,
both clinical depression and subthreshold depressive symptoms were associated with cognitive
control deficits (Hedges’ g = —0.31). This relationship was stronger in study samples with an older
mean age. Within studies with a mean age of 39 years or higher, which represents the median

age in our analyses, the relationship was stronger in clinical compared to subthreshold depression
and in individuals taking antidepressant medication. These findings highlight the importance of
clinicians screening for cognitive control dysfunction in patients with depression, particularly in
later stages of adulthood.
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Major depressive disorder (MDD) is a heterogenous neuropsychiatric illness that affects
individuals across the lifespan (Lupien, McEwen, Gunnar, & Heim, 2009). Depression is the
second leading cause of disability in the United States and around the world, and results

in significant morbidity and mortality (Collins, Patel, Joestl, March, & Insel, 2011; The

US Burden of Disease Collaborators, 2018). Depressive symptoms vary across the lifespan
and include changes in mood (i.e., sadness, irritability), anergia, appetite or weight changes,
and changes in neurocognitive functions (Gaynes et al., 2007; McClintock et al., 2011;
Westerhof & Keyes, 2010). For the latter, MDD has been found to predominantly affect
neurocognitive functions governed by fronto-subcortical networks, including processing
speed, attention, and executive functions (Koenig, Bhalla, & Butters, 2014; Wagner,
Doering, Helmreich, Lieb, & tadic, 2012; Weisenbach et al., 2014).

Previous meta-analyses to date have repeatedly demonstrated robust associations between
depression and deficits in executive control. One of the earliest meta-analyses that
synthesized data from 14 studies of over 1000 participants with depression found that
depression severity was significantly associated with executive dysfunction for both timed
(speeded) and untimed (non-speeded) measures (McDermott & Ebmeier, 2009). Similar
deficits in executive functioning have been shown to be present in patients with first-episode
MDD (Lee, Hermens, Porter, & Redoblado-Hodge, 2012) as well as those who were in
remission (Rock, Roiser, Riedel, & Blackwell, 2014). Executive functioning is a broad
neurocognitive domain that includes multiple cognitive control functions such as planning,
problem solving, set-shifting, concept formation, inhibition, and initiation (Alvarez &
Emory, 2006; Miller & Wallis, 2009). Less work has examined whether the association
between depression and executive functions differs across these specific cognitive control
functions (McClintock, Husain, Greer, & Cullum, 2010).

Converging evidence suggests that age influences the type and severity of cognitive
dysfunction, including executive deficits, in depression (Beats, Sahakian, & Levy, 1996;
Lockwood, Alexopoulos, & van Gorp, 2002). Older adults with MDD consistently show
greater neurocognitive deficits relative to younger cohorts with MDD (Porter, Bourke,

& Gallagher, 2007). Similarly, in community samples with subthreshold symptoms, the
severity of depressive symptoms has been found to be associated with poorer letter fluency
performance in older but not middle-aged individuals (Dotson, Resnick, & Zonderman,
2008). Moreover, a recent meta-analysis of depressed young people between the ages of
12 and 25 found no significant depression-related deficits in executive functions including
planning and organization, response inhibition, or set-shifting (Goodall et al., 2018).
Together, these findings suggest that depression-related executive dysfunction is greater at
older ages, however, this has not been previously confirmed by meta-analysis.

The purpose of this meta-analysis was to synthesize available data regarding the association
between depression and executive functioning across the lifespan. We focused on studies of
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cognitive control as defined by the National Institute of Mental Health (NIMH) Research
Domain Criteria (RDoC) framework (Kozak & Cuthbert, 2016; Morris & Cuthbert, 2012).
Within this framework, executive functioning is codified within the cognitive control

system and is centered around goal-directed behavior, including component cognitive
processes such as goal selection (updating, representations, maintenance), response selection
(inhibition or suppression), and performance monitoring (Paulus, 2015). We hypothesized
that both clinical and subthreshold depression would be associated with poorer cognitive
control performance and that age would moderate the relationship between depression and
cognitive control. Based on previous evidence, we specifically expected the relationship
between depression and cognitive control dysfunction to be stronger at older ages.

Literature Search

We performed a systematic review and meta-analysis using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff,
Altman,, & Group, 2009). In March 2018, we conducted electronic searches in PsycINFO
and PubMed for studies that examined the association between clinical depression or
depressive symptoms and cognitive control in the general population. Details of the search
strategy for each database are reported in Table 1. Briefly, we searched for human, English
language, peer-reviewed journal articles with 1) the terms depressi* or MDD or mood in the
title or abstract, and 2) the terms “cognitive control’ or “‘executive’ in the title or abstract.
Since we were interested in studies that included no major medical or psychological
comorbidities, the search excluded articles with title terms dementia, Alzheimer*, MCI,
“mild cognitive impairment”, Parkinson*, *stroke, HIV, cancer, diabet*, “brain injury”, TBI,
“multiple sclerosis”, ADHD, and alcohol*. The searches also excluded articles with the

title term postpartum or pregnan*. The asterisk provided a shorthand for including alternate
endings (e.g., the search term depressi* would yield matches for the words depression,
depressed, and depressive).

Study Selection

Two reviewers screened each article to determine appropriateness for this meta-analytic
study, with disagreements resolved by the first author.

Definition of Cognitive Control—We chose to conceptualize cognitive control based
on the NIMH’s RDoC framework (Kozak & Cuthbert, 2016), which includes goal-

directed behavior such as goal selection (updating, representations, maintenance), response
selection (inhibition or suppression), and performance monitoring. Examples include
measures of inhibitory control (e.g., Stroop Color-Word Test), planning (e.g., Tower of
London), cognitive flexibility (e.g., Trail Making Test), and set-shifting (e.g., CANTAB
Intra-Extra Dimensional Set Shift). Working memory and verbal fluency, which are
considered cognitive control processes by some investigators, are not included in the RDoC
classification of cognitive control. As such, studies that only examined working memory or
verbal fluency tasks were not considered. For the purposes of this meta-analysis, we did not
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include emotion processing studies or studies in which the cognitive control task included
affective stimuli.

Inclusion and Exclusion Criteria—Reviewers determined study eligibility by
examining the title, abstract, and full text of each article. Only peer-reviewed journal articles
presenting original research were selected, thus, we excluded reviews and meta-analyses.
Studies of unipolar clinical depression, subthreshold depression, and depressive symptoms
as measured by questionnaires were eligible. We selected no studies of depression with
comorbid psychiatric conditions other than anxiety disorders based on the high comorbidity
of depression and anxiety. Given our focus on the general population, we excluded

studies conducted in inpatient settings, nursing homes, or prisons. Intervention studies were
excluded unless the intervention targeted cognitive deficits, in those cases, we used only the
pre-treatment data. Similarly, both longitudinal and cross-sectional studies were included,
but we only considered baseline assessments. Neuroimaging studies were included if the
study reported cognitive test results, which could be based on tests completed in or out of
the scanner. We only selected studies with objective measures of cognitive control as the
outcome (e.g., we excluded studies based solely on self-reported neurocognitive scales).
Reviewers also screened out any study that, based on reviewing the full text, did not

meet eligibility criteria specified in the search terms (e.g., major medical or psychological
comorbidities).

Data Extraction

Two reviewers separately extracted data from each eligible article using a standardized
spreadsheet. Afterward, the first author compared each dataset for discrepancies and
referenced the full-text to correct any errors. Each reviewer extracted the following
variables from each record: publication details, study characteristics (sample setting, study
design, research type [behavioral, neuroimaging]), depression status (clinical depression or
subthreshold symptoms), diagnosis method (e.qg., structured interview, depressive symptom
questionnaire), antidepressant medication status (on, off), age range and mean age (for

the total sample as well as control and depressed groups where relevant), comorbid
anxiety (yes, no), cognitive test name, and sample size (for the total sample as well

as control and depressed groups where relevant). For cognitive control outcome data,
reviewers extracted means and standard deviations, ¢values or dvalues for studies that
compared depressed groups to controls, and correlation coefficients for studies that analyzed
depressive symptoms as a continuous predictor.

Methodology quality of the included studies was assessed by the first author using

the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
guidelines for Methods sections (von EIm et al., 2007). Each of the nine items in the
checklist was given a score of 0 or 1 based on meeting the specified criteria of describing
study design, setting, participants, variables, data sources and measurement, bias, study size,
quantitative variables, and statistical methods.

Neuropsychol Rev. Author manuscript; available in PMC 2022 November 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dotson et al. Page 5

Data Analysis

All effect sizes were reported using Hedges’ g (Hedges, 1981). For studies that compared
depressed groups to controls, study effect sizes were calculated by subtracting the mean
cognitive performance score in the depressed group from the mean cognitive performance

in the healthy control group and dividing by the pooled standard deviation of the two
groups. For cognitive control measures in which higher scores indicated worse performance
(e.g., Trail Making Test time to completion), mean performance of the healthy group

was subtracted from mean performance of the depressed group. For studies that reported
correlations between depressive symptom severity and cognitive outcome, positive and
negative correlation coefficients were reversed for cognitive measures in which higher scores
indicated worse performance. As such, more negative effect sizes reflect lower cognitive
performance among depressed individuals relative to the healthy controls, or lower cognitive
performance at higher levels of depressive symptoms. Cohen’s (1988) conventions may be
used for the interpretation of the size of the effect: an effect size of 0.2 is considered small,
0.5 is considered medium, and 0.8 is considered large.

Random-effects models were implemented to estimate the total association between
depression and cognitive control. Random-effects models were chosen because of the high
level of variation in methods among studies included in the present analysis (e.g., differences
in cognitive measures, age of the sample, etc.). These models account for variability in the
true effect between studies while also accounting for random error within each study.

We conducted a three-level meta-analysis, which included all data points, nesting effect sizes
within studies (Cheung, 2014b) Analysis was conducted using the metaSEM package for

R (Cheung, 2014a). As in traditional meta-analysis, a Q statistic tests for the degree of
heterogeneity in the data; the / statistic is now split over levels, indicating the proportions of
the total variation in the effect sizes due to heterogeneity at the different levels, which in our
case are study and measures within studies. For multilevel regression models, za? indicates
the residual heterogeneity (expressed as variance) at each of the levels, /2 indicates the
proportion of estimated heterogeneity at each of the levels that is explained by the regression
predictors. These models use structural equation modeling, and effect sizes are thus modeled
as regression equations. Note that three-level analysis has been shown to produce unbiased
estimates of effect sizes, even in the absence of information about the correlation between
the different measures within each study (Moeyaert et al., 2017). An a level of 0.05 was
used in all analyses.

Age and Other Moderator Analyses—A meta-regression analysis (using the maximum
likelihood estimate method) was used to examine age as a possible source of between-
studies heterogeneity. We also examined age as a categorical variable using subgroup
meta-analyses that compare subsets of studies using Qtests. Studies were assigned to the
following categories based on the age range of the sample: Child to Adolescent (age 7-17;

k = 4), Adolescent (age 12-17; k = 6), Young Adult (age 18-25; k = 6), Adult (studies that
did not report age ranges but had a mean age of 22-42; k = 15), Middle Aged (age 51-60;

k = 2), Young to Middle Aged (age 18-65; k = 7), Young to Older Adult (age 18-85; k

= 4), Middle Aged to Older Adult (age 45-85; k = 3), and Older Adult (age 60-97; k =
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29). We attempted to label age groups based on commonly accepted age cutoffs throughout
the lifespan (e.g., the age of 60 or 65 is generally accepted as the cutoff for older adults).
The variability in the age range across studies necessitated overlap in some of the age
groups for the purpose of this meta-analysis. For example, we wanted to distinguish between
studies that only included adolescents (defined as age 12—17) from those that included both
children under the age of 12 as well as individuals up to age 17.

Additional moderator analyses were conducted in an effort to explain significant
heterogeneity in effect sizes. Subgroup meta-analyses focused on the following potential
moderators: depression status (clinical depression vs. subthreshold depression), cognitive
domain (inhibition, cognitive flexibility, planning, and set-shifting), antidepressant
medication status (on vs. off), anxiety comorbidity (yes vs. no), and test format (paper-and-
pencil vs. computerized administration). Studies that did not report information about the
moderator of interest were excluded from the respective subgroup analysis.

In subgroup analyses, effect sizes are compared for two or more groups that differ on

a nominal variable in order to assess whether there are significant differences in effect
sizes between subgroups. A random-effects model with separate estimates of 2 was used
for subgroup analyses due to significant variability between effect sizes within groups.

In studies where more than one estimate of an experimental factor was reported (e.g., a
study that assessed the same cognitive domain with multiple outcome measures), an effect
size was calculated for each type of estimate and treated as if it were derived from an
independent study. For each of the subgroup meta-analyses, we only included groups that
contained three or more studies in order to have adequate power.

Description of Included Studies

As summarized in Fig. 1, the electronic database search identified 943 potentially relevant
studies. After screening the title and abstract, 654 studies were excluded. Of the remaining
289 articles, 74 met all criteria. An additional two articles were added based on a review
of the reference list of the 74 articles, resulting in a total of 76 articles included in the
meta-analysis. Collectively, the studies included 17,051 participants who ranged in age
from 7 to 97 years. Fifty-six studies compared individuals with major depression defined
by structured or clinical interview to controls. The remaining studies either examined
depressive symptoms as a continuous measure based on questionnaire scores, or defined
depression based on some other criterion (e.g., recurrent brief depression, minor depression,
dysthymia, or a cutoff on a depressive symptom questionnaire). Study characteristics are
summarized in Table 2.

The average methodological quality of the included studies was 7.56 (0.80) out of 9. Most
studies did not meet the criteria of explaining how the study size was determined.

Depression and Cognitive Control

A summary of the cognitive control measures in each study is provided in Table 3. Many
of the studies (7= 30) included in the meta-analysis demonstrated a statistically significant
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relationship between depression and cognitive control, reflected in lower performance in the
depressed group compared to controls or a negative correlation between depressive symptom
severity and scores on cognitive control measures (Fig. 2). None of the included studies
demonstrated statistically significant differences in the opposite direction. We assessed the
need for a three-level model by fitting a two-level model and comparing its fit with that of
the three-level model. The difference in fit was highly significant, XZ (1) =12.45, p< .001,
with better fit for the three-level model. All data reported will therefore be from three-level
models.

In the overall three-level model, the average estimated effect size was significantly different
from zero (g = —0.31; 95% Cls ranging from —0.39 to —0.23; p < 0.0001). Heterogeneity was
significant (Q (221) = 1307.42, p< 0.0001; zat? at Level 2 was 0.13, p< .0001, and za? at
Level 3 was 0.05, p=.012; 2 was .65 at Level 2 and .26 at Level 3), indicating the need

for moderator analyses. Regression analysis on the funnel plot on all data points revealed

no sign of asymmetry (bias <0.01; p = .75), thus providing no indication of publication

bias. Note, however, that funnel plot analyses presuppose independence of data points, an
assumption violated here, and so the test is only an approximation.

The relation between mean age and study effect size was significant, with a slope of —0.0038
(95% CI between -.0072 and —.0004, p=.027), indicating that each additional year of age
added —.0038 to the effect size (see Fig. 2), RZ=.004 at Level 2 and .168 at Level 3.
Heterogeneity was significant (Q (219) = 1306.17, p< 0.0001, fac? at Level 2 was 0.13,
p<.0001, and zac? at Level 3 was 0.02, p=.024). Adding a quadratic component for

age to test for non-linear effects yielded a non-significant result (slope for the quadratic
component = 0.03, 95% CI = -0.06 to 0.12, p= .64; RZ=.007 at Level 2 and .168 at Level
3). Heterogeneity was significant (Q (219) = 1306.17, p< 0.0001, fac? at Level 2 was 0.13,
p<.0001, and zac? at Level 3 was 0.04, p=.022). These pvalues are based on the Wald
test. Because this test is based on the assumption that the sampling variances are normally
distributed, an assumption likely violated here because of the small sample size, these p
values are possibly inaccurate.

Limiting ourselves to age subgroupings that contained more than four studies, Hedges’ g
effect size for Adolescents was —0.10 (95% CI from -0.27 to 0.06, p=.22; Q[24] = 179.82,
p<0.0001; fac at Level 2 was 0.07, p=.13, and fac? at Level 3 was 0.01, p=.78; £=.79
at Level 2 and .11 at Level 3). For Young Adults, Hedges’ g was —.08 (95% CI from -0.31
t0 0.15, p=.49; Q[14] = 57.96, p< 0.0001; tac? at level 2 was 0.03, p= .20, and fac? at
level 3 was 0.05, p=.29; £ = .27 at Level 2 and .48 at Level 3). For Young to Middle Aged
Adults, Hedges’ g was —0.34 (95% CI from -0.77 to 0.09; Q[18] = 73.97, p< 0.0001; ‘at?
at Level 2 was 0.09, p=.28, and #ac? at Level 3 was 0.25, p=.17; £ =21 at Level 2 and
.61 at Level 3). For Adults, Hedges’ g was —0.37 (95% CI from —0.52 to — 0.21, 0 < .0001;
Q[66[= 205.32, p< 0.0001; zac? at Level 2 was 0.07, p=.0056, and fac? at Level 3 was
0.05, p=.10; 2 = .41 at Level 2 and .30 at Level 3). For Older Adults, Hedges’ g was —0.45
(95% CI from —0.59 to —0.31, p< .0001; Q[60]= 311.31, p< 0.0001; zac? at Level 2 was
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0.21, p=.0001, and fac? at Level 3 was 0.00, p<.0001; /2 = .89 at Level 2 and .00 at Level
3).

Other Moderators

We performed a subgroup analysis to separately examine the association of clinical and
subthreshold depression with cognitive control. For this subgroup analysis, when studies
reported data for varying degrees of symptom severity among individuals diagnosed with
depression (e.g., Boone et al., 1995), only data from individuals with more severe symptoms
were included to minimize bias from multiple data points from a single study. Adding a
term for depression status to the regression did not yield a significant effect (slope of the
regression line = -0.13, 95% CI = -0.33 to 0.07, p= .20; R < .001 at Level 2 and .087

at Level 3). Heterogeneity was significant (Q[213] = 1115.26, p< 0.0001; fac? at Level

2 was 0.11, p< .0001, and zac? at Level 3 was 0.05, p=.009). Note that in our analyses

of the influence of age, significant effects only appeared in the older groups. Therefore,

we split our sample of studies by median average age of participant sample, only retaining
studies with participants with an average age older than this median split (i.e., age 39 or
over). In that analysis, depression status did yield a significant effect, increasing the average
effect size from —0.16 in the subthreshold group to —0.44 in the group with participants with
clinical diagnosis (slope of the regression line = —0.28, 95% CI = —0.54 to —0.03, p=.031;
R?=.010 at Level 2 and .539 at Level 3). Heterogeneity was significant at Level 2 but not
Level 3 (Q[96] = 615.61, p< 0.0001; zat? at Level 2 was 0.17, p< .0001, and zac? at Level 3
was 0.01, p=.617).

We did not find a significant effect of antidepressant medication status (slope of the
regression line = —0.08, 95% CI = -0.27 to 0.10, p= .38; R =.002 at Level 2 and .021 at
Level 3). Heterogeneity was significant (Q [174] = 583.62, p < 0.0001; fa? at Level 2 was
0.05, p=.0005, and zac? at Level 3 was 0.07, p=.002). When we restricted the analysis
to studies with participants with an average age older than the median split (i.e., age 39 or
over), however, medication status yielded a significant effect (slope of the regression line
=-0.29, 95% Cl = -0.53 to -0.05, p=.016; RZ=.039 at Level 2 and .221 at Level 3).
Heterogeneity was significant at Level 2, but not Level 3 (Q[71] = 291.74, p< 0.0001;
tal? at Level 2 was 0.06, p=.024, and fac at Level 3 was 0.05, p=.073). The average
effect size was —0.19 in the studies that only assessed individuals who were not taking
antidepressants, compared to —0.48 in studies that assessed individuals who were currently
taking antidepressants.

We did not find significant effects for cognitive domain. We used dummy variables in the
regression to test for the effects of domain, with inhibition serving as the baseline (intercept
=-0.32, 95% Cl =-0.43 to -0.21, p < .0001; slope for cognitive flexibility = 0.02, 95%

Cl =-0.15t0 0.18, p = .85; slope for planning = —0.00, 95% CI = -0.19 t0 0.18, p=.97;
slope for set-shifting = 0.06, 95% CI = —0.21 to 0.33, p=.65; £Z=.003 at Level 2 and .003
at Level 3). Heterogeneity was significant (Q[216] = 1280.61, p< 0.0001; tat? at Level 2
was 0.13, p< .0001, and fa? at Level 3 was 0.05, p=.013). Cognitive domain also failed
to be a significant moderator when we restricted the analyses to studies with participants
with an average age older than the median split (i.e., age 39 or over: intercept = —0.43, 95%
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Cl =-0.58 to —0.26, p < .0001; slope for cognitive flexibility = —0.05, 95% CI = -0.30

t0 0.20, p=.70; slope for planning = 0.12, 95% CI = -0.12 to 0.36, p = .34; slope for
set-shifting = 0.31, 95% CI = -0.31 t0 0.20, p=.32; RZ=.014 at Level 2 and .236 at Level
3). Heterogeneity was significant at Level 2 (Q[94] = 601.72, p< 0.0001; fa? at Level 2
was 0.17, p< .0001, and fa? at Level 3 was 0.02, p= .47).

The effect of comorbid anxiety was not significant (slope of the regression line = 0.07, 95%
Cl=-0.19t0 0.34, p=.59; RZ=.000 at Level 2 and .086 at Level 3). Heterogeneity was
significant at Level 2 (Q[108] = 492.17, p< 0.0001; #ac? at Level 2 was 0.13, p< .0001, and
tat? at Level 3 was 0.05, p = .14). Comorbid anxiety still failed to be a significant predictor
when we restricted the analyses to studies with participants with an average age older than
the median split (i.e., age 39 or over: slope of the regression line = -0.02, 95% CI = -0.46 to
0.41,p=.92; RZ=.010 at Level 2 and .000 at Level 3). Heterogeneity was not significant at
either Level 2 or 3 (Q[23] = 92.42, p< 0.0001; fac? at Level 2 was 0.08, p= .14, and fat? at
Level 3 was 0.05, p=.41).

The effect of test format was not significant (slope of the regression line = —=0.05, 95% CI
=-0.21100.10, p= .47; RZ=.004 at Level 2 and .001 at Level 3). Heterogeneity was
significant (Q[221] = 1307.42, p< 0.0001; zac? at Level 2 was 0.13, p< .0001, and fac? at
Level 3 was 0.05, p=.012). Test format was likewise not a significant predictor when we
restricted the analyses to studies with participants with an average age older than the median
split (slope of the regression line = =0.13, 95% CI = ——0.35 t0 0.09, p= .22; R = .022 at
Level 2 and .000 at Level 3). Heterogeneity was significant at Level 2 (Q[98] = 616.95, p<
0.0001; fac? at Level 2 was 0.16, p< .0001, and tac? at Level 3 was 0.02, p= -35).

Discussion

This systematic review and meta-analysis of 16,806 participants across 76 studies provides
additional evidence of cognitive control deficits in community-dwelling individuals with
both major and subthreshold depression, confirming previous meta-analyses of executive
functioning in depression (e.g., Lee et al., 2012; McDermott & Ebmeier, 2009; Rock

et al., 2014). The breadth of our literature review, which included both major and
subthreshold depression as well as studies across the lifespan, allowed us to examine
important moderators of the relationship between cognitive control deficits and depression
that have remained unexamined in prior meta-analyses. Consistent with our hypothesis, the
relationship between cognitive control deficits and depression was stronger in later stages
of the lifespan. Subgroup analyses showed that effect sizes did not significantly vary based
on cognitive domain (cognitive flexibility, inhibition, and planning), comorbid anxiety, or
test format (computerized vs. paper-and-pencil). In studies with a mean sample age of 39 or
older, the effect was stronger in studies that examined individuals with clinical depression
compared to subthreshold depression, and in individuals who were taking antidepressant
medication.

Regarding age differences, we found that effect sizes were larger as a function of older
mean age of the study sample, and were largest in studies that included only older adults
in the sample. Subsample analysis showed that depression was only significantly associated
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with cognitive control performance in studies that included adult, middle-aged or older
adult participants, and not in those that included only children, adolescents or young adults.
A recent meta-analysis in depressed youth found no depression-related differences in set-
shifting and inhibition (Goodall et al., 2018), in contrast to meta-analyses of adult and older
adult samples that reported significant cognitive control deficits in depressed compared to
non-depressed groups (Lee et al., 2012; McDermott & Ebmeier, 2009; Rock et al., 2014).

A number of cross-sectional and longitudinal studies have shown that older age is associated
with increased vulnerability to depression-related cognitive deficits and decline (Dotson

et al., 2008; Dotson, Zonderman, Davatzikos, Kraut, & Resnick, 2009; Lockwood et al.,
2002; Thomas et al., 2009). This vulnerability could be due at least in part to age-related
changes in some of the neurobiological mechanisms related to depression, such as structural
and functional changes in frontolimbic brain networks, vascular changes such as increased
white matter lesions in the brain, decreased brain-derived neurotrophic factor, and increased
inflammation (Naismith, Norrie, Mowszowski, & Hickie, 2012). It is possible that the
cumulative effect of age-related neurobiological changes and depression-related alterations
in similar mechanisms creates a “double jeopardy” for cognitive dysfunction, including
cognitive control deficits. It is also possible that factors such as medical comorbidities,
depression severity, and the type of tests used varied between studies of different age groups
and contributed to the age difference observed in the meta-analysis. These variables were
controlled for in some studies, thus the effect sizes took these factors into account. However,
since not all studies did so, differences in clinical variables and study methodology might
have impacted the current results.

Also important to consider is the confound between age and chronicity of depression. At
later stages of the lifespan, the possibility of chronic depression or recurrent depression

is higher. There is evidence that the risk for cognitive decline and dementia increases in
individuals who have experienced multiple episodes of depression, even after controlling

for age (Dotson, Beydoun, & Zonderman, 2010; Hasselbalch, Knorr, Hasselbalch, Gade,

& Kessing, 2013). Another longitudinal study showed that chronic subthreshold depressive
symptoms in adults age 50 years and older were associated with cognitive deficits over up

to 26 years (Dotson et al., 2008). These deficits were more widespread than those associated
with baseline depressive symptoms and concurrent symptoms (i.e., measured at the same
time as the cognitive assessment). Since most studies of depression and cognitive control do
not provide information about past depressive episodes or depressive symptoms, the current
meta-analysis could not disentangle the impact of age versus chronicity on cognitive control.
Nonetheless, given the link between executive functions and functional disability as well as
poor treatment outcomes (Manning et al., 2015; Snyder, 2013), age differences in the current
study highlight the importance of assessing possible cognitive control deficits in adults, and
particularly older adults, with depression.

Overall, the relationship between cognitive control deficits and depression was significant in
studies of both clinical depression and subthreshold depression. Depression has increasingly
been recognized as a continuum that ranges from subthreshold symptoms to severe major
depression (Hybels, Blazer, & Pieper, 2001; Rodriguez, Nuevo, Chatterji, & Ayuso-Mateos,
2012). There is accumulating evidence that even subthreshold symptoms are associated

Neuropsychol Rev. Author manuscript; available in PMC 2022 November 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dotson et al.

Page 11

with multiple negative outcomes, including cognitive deficits, structural and functional brain
abnormalities, functional disability, and poor health outcomes (Hybels et al., 2001; Meeks,
Vahia, Lavretsky, Kulkami, & Jeste, 2011). Some studies suggest that the vulnerability to
negative sequelae due to subthreshold symptoms is greater in older compared to younger
adults (Dotson et al., 2008; Dotson et al., 2014; Dotson et al., 2009; Shah, Zonderman, &
Waldstein, 2013). Since the studies of subthreshold depression in our meta-analysis did not
include children and only three studies of adolescents were included, we cannot make a
direct comparison of the relationship between cognitive control and subclinical depression in
children compared to adults. However, the larger effect sizes in studies with older samples in
our overall analysis suggests that depressive symptoms of any severity are a particular risk
for cognitive control deficits in adulthood.

In the full sample of studies, the relationship between depression and cognitive control

was not impacted by antidepressant medication status. When we restricted the analysis

to studies with a mean age of 39 years or higher, which represented the median age

in our meta-analysis, we found that effect sizes were significantly larger in studies that
included individuals taking antidepressant medication. The finding regarding antidepressant
medication does not appear to be related to depression status (clinical vs. subclinical)

since nearly all of the subclinical depression studies in the meta-analysis did not

report antidepressant use, and thus were excluded in the respective subsample analysis.
Nonetheless, the finding might reflect the symptom severity in those studies that focused

on clinical depression, and in those studies that included individuals who were taking
antidepressant medication. Given the stronger relationship between depression and cognitive
control in studies with older mean ages, this finding might reflect an interactive effect

of age and depression severity on cognitive control. Another possible explanation could

be the direct effect of antidepressant medication on cognitive control, as some studies

have suggested that chronic antidepressant use can negatively impact cognitive functioning
(Deakin, Rahman, Nestor, Hodges, & Sahakian, 2004; Paterniti, Dufouil, Bisserbe, &
Alperovitch, 1999; Wadsworth, Moss, Simpson, & Smith, 2005). However, a recent meta-
analysis found that antidepressant use had a positive, though modest effect on executive
functioning, as well as divided attention, sustained attention, immediate memory, recent
memory, and processing speed (Prado, Watt, & Crowe, 2018).

We selected studies for this meta-analysis based on stringent criteria that would provide

a focus on unipolar depression in community-dwelling individuals who did not have
significant psychological or medical comorbidities. This selection strategy allowed for
greater attribution of the effect to depression rather than the impact of other disorders that
have known associations with executive dysfunction or with neurobiological mechanisms
underlying cognitive control. However, given the high comorbidity of depression with other
disorders, the limitations in generalizability must be acknowledged. Our understanding of
the relationship between depression and cognitive control will benefit from synthesis of the
literature in other subgroups of depression, including vascular depression in older adults
and depression in various medical populations across the lifespan. There is increasing
recognition of the clinical and demographic heterogeneity within depressed individuals, and
how those differences might impact depression correlates (Dotson, 2017). For example,
demographic variables such as sex and race have been shown to moderate the relationship
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between depression and cognitive performance (Reinlieb et al., 2014; Sundermann, Katz,

& Lipton, 2017). Moreover, different symptom dimensions of depression (e.g., anhedonia,
sad mood, cognitive symptoms, and somatic symptoms) are differentially associated with
numerous outcomes, including cognitive performance, structural and functional brain
alterations, and response to treatment (Brailean et al., 2016; Fried & Nesse, 2015;

McLaren et al., 2016). As more studies focus on parsing this heterogeneity, additional meta-
analyses will inform our understanding of the relationship between different components of
depression across the lifespan.

Publication bias may have influenced our findings. Publication bias is the result of the
file-drawer phenomenon, namely, studies reporting null or negative findings are less likely
to be published in peer-reviewed journals (Hopewell, Loudon, Clarke, Oxman, & Dickersin,
2009). Though the estimates of publication bias included in the present meta-analyses

did not suggest the presence of such bias, its presence cannot be completely ruled out.

In addition, inclusion of unpublished data and data from the gray literature (e.g., theses

and dissertations) has been shown to influence meta-analytic results (Hopewell, Clarke, &
Mallett, 2005). Unpublished data were not included in the present meta-analysis, as such,
our estimate of the overall effect may be somewhat inflated.

Conclusion

Funding

This systematic review and meta-analysis showed a modest but significant relationship
between depression and cognitive control in studies of generally healthy, community-
dwelling individuals across the lifespan. Both clinical depression and subthreshold
depression were associated with cognitive control deficits. This relationship was stronger
in study samples with an older mean age, and within adult samples, but not child and
adolescent samples. Within studies with a mean age of 39 years or higher, the relationship
was stronger in clinical compared to subthreshold depression and in individuals taking
antidepressant medication. The results of this study highlight the importance of clinicians
screening for cognitive control dysfunction in patients with depression, particularly in later
stages of adulthood.
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# of records after duplicates removed
943
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# of records excluded based on title and abstract
654
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# of full-text articles assessed for eligibility
289
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# added based on reviewing reference lists
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|

# included in meta-analysis
76

Fig. 1.

# of full-text articles excluded, with reasons

Did not report analyzable statistics = 44
Sample includes inpatients = 53
Composite score includes non-CC tasks = 6
Did not include controls or continuous DS scores = 36
Did not meet other criteria = 77

Flow diagram of study selection. CC = cognitive control, DS = depressive symptoms
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