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Despite a growing interest in understanding the cognitive deficits associated with major depressive disorder (MDD), it is
largely unknown whether such deficits exist before disorder onset or how they might influence the severity of subse-
quent illness. The purpose of the present study was to conduct a systematic review and meta-analysis of longitudinal
datasets to determine whether cognitive function acts as a predictor of later MDD diagnosis or change in depression
symptoms. Eligible studies included longitudinal designs with baseline measures of cognitive functioning, and later uni-
polar MDD diagnosis or symptom assessment. The systematic review identified 29 publications, representing 34 unique
samples, and 121 749 participants, that met the inclusion/exclusion criteria. Quantitative meta-analysis demonstrated that
higher cognitive function was associated with decreased levels of subsequent depression (r =−0.088, 95% confidence
interval. −0.121 to −0.054, p < 0.001). However, sensitivity analyses revealed that this association is likely driven by con-
current depression symptoms at the time of cognitive assessment. Our review and meta-analysis indicate that the asso-
ciation between lower cognitive function and later depression is confounded by the presence of contemporaneous
depression symptoms at the time of cognitive assessment. Thus, cognitive deficits predicting MDD likely represent dele-
terious effects of subclinical depression symptoms on performance rather than premorbid risk factors for disorder.
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Introduction

A growing literature has found that depression is asso-
ciated with impaired cognitive functioning (Snyder,
2013). For example, broad deficits in neuropsychologic-
al functioning have been demonstrated in a number of
reviews and meta-analyses on depression (Christensen
et al. 1997; Rogers et al. 2004; Snyder, 2013; Rock et al.
2014), and cognitive deficits have been found to correl-
ate with symptom severity (McDermott & Ebmeier,
2009). Theoretical models have been proposed suggest-
ing that cognitive dysfunction could either be a risk
factor for later depression or that cognitive function
may be impaired as a result of depression (Stern,
2003; Barnett et al. 2006). In support of the latter hy-
pothesis, two recent meta-analyses concluded that the
deficits in cognitive function persist after remission
from depression (Bora et al. 2013; Rock et al. 2014).
However, evidence showing that deficits in cognitive

function persist after remission from depression,
which are primarily derived from cross-sectional stud-
ies, does not rule out the possibility that poor cognitive
function preceded the onset of depression. The present
review and meta-analysis sought to comprehensively
summarize the state of the research on cognitive func-
tion and its association with future depressive symp-
toms using data from longitudinal studies.

While the clinical diagnosis of depression is relative-
ly codified according to DSM and ICD criteria, and de-
pression symptoms are readily measured with a
number of validated instruments (Lewinsohn et al.
2000; Cuijpers et al. 2004), a similar canonical approach
to measuring cognitive function is not present. Thus, it
is important to specify a working definition of cogni-
tive function before examining its possible association
with depression. Empirical work has reinforced the
concept of a single construct of cognitive function
through high correlations in performance among dis-
parate cognitive tasks (Spearman, 1904). This has led
to the derivation of a single factor representing general
cognitive function or ability known as ‘g’ (Johnson et al.
2004). The ‘g’ factor is commonly determined by
administering a wide range of tasks and using factor
analysis to determine the shared variance across
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these tasks (Ree & Earles, 1991). Even in cases when ‘g’
is not calculated as such, there are other customary
ways of capturing this general factor by combing
across cognitive tasks, e.g. by creating an index of ex-
ecutive functions (Miyake et al. 2000) or measuring
the intelligence quotient (Gottfredson, 1997).

Although executive functions and intelligence are
often considered independently, evidence has sug-
gested that they may best be characterized by an inte-
grated framework based on a common neural network
(Barbey et al. 2012), supporting the idea that they
reflect a shared general factor of cognitive ability. In
light of these findings and the observation that indivi-
duals with depression commonly exhibit deficits across
a range of cognitive tasks, our review used the broad-
est measure of cognitive function that was available in
a given study. When a higher-order construct was not
available, results from individual measures were used.
We restricted analyses to prospective cohort studies
with depression assessment before age 65 in order to
minimize potential influences of age-related cognitive
decline.

We follow our literature review with a quantitative
meta-analysis to (1) determine whether cognitive func-
tion predicts later depression, (2) evaluate whether dif-
ferences in the measurement of depression (categorical
v. continuous) influence observed associations, and (3)
examine whether sex or age of participants may mod-
erate effects, and (4) whether effects are confounded by
depression symptoms at baseline.

Methods

We followed the Meta-Analyses of Observational
Studies in Epidemiology (MOOSE) guidelines (Stroup
et al. 2000) (Supplementary Table S1) and the literature
search strategies suggested by Atkinson et al. (2014).

Search process

Systematic searches were conducted in February 2015,
and updated in December 2015 in three electronic data-
bases: PubMed, EMBASE and PsycINFO. Searches
were conducted by a research librarian, E.M., and over-
seen by M.S. The search syntax was adapted for each
database and designed to capture the participants, pre-
dictors, comparisons and outcomes described below,
according to the PICOS framework (Moher & Liberati,
2009). The Boolean operator ‘OR’ was used within cat-
egories and the operator ‘AND’ was used between
categories. The complete search strategy is described
in the Search Strategy in the Supplementary Material.
Hand searches were conducted of the reference lists
of included articles.

Eligibility criteria

The review included English language studies of em-
pirical studies investigating the longitudinal associ-
ation of cognitive function (IQ, neuropsychological
tests, executive functions) with unipolar depression
diagnosis or symptoms. Detailed inclusion/exclusion
criteria were as follows:

Participant characteristics

Eligible studies included children, adolescents and
adults under the age of 65. This age range was spe-
cified because of the possible impact of cognitive de-
cline in older populations. Articles examining a
highly specific population (e.g. with a particular med-
ical diagnosis) were excluded so as to not limit the gen-
eralizability of results. Studies that required MDD
diagnosis, hospitalization or admission to a treatment
center as part of the inclusion criteria at baseline
were also excluded from the review so as to permit
conclusions about depression onset. This was to ensure
that a majority of study participants did not have de-
pression at baseline. However, cohort studies were
included even if they did not measure depression at
baseline, assuming that these samples would have de-
pression prevalence rates that were comparable to
population norms. Subgroup analyses were subse-
quently performed on the studies that specifically
excluded for any history of depression. If there were
several papers about one cohort, the paper with larger
sample size or better study quality was included.

Predictor type

Eligible studies included a measure of cognitive, execu-
tive or neuropsychological function. The study
included a range of cognitive predictors, given that
previous studies have found broad deficits in cognitive
function in depression (Christensen et al. 1997; Rogers
et al. 2004; Snyder, 2013; Rock et al. 2014). When
more than one cognitive predictor was reported as an
outcome in a study, the broadest measure of cognitive
functioning was used. If no measure captured broad
cognitive functioning, the measure that was most
closely aligned with constructs on a standard IQ test
(working memory, processing speed, verbal compre-
hension, or perceptual reasoning) was used in the
meta-analysis.

Studies were excluded if cognitive function was
assessed via educational achievement, given that
these measures can be more easily influenced by learn-
ing disabilities than by general cognitive functioning
(Siegel, 1999). Self-report descriptive measures of cog-
nitive functioning were also excluded in favor of
more objective measures. Last, since this study sought
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Table 1. Characteristics of included studies

Study
Name of
cohort Type of cohort

Sample
size Comorbidity

How
depression
assessed

Mean IQ
at
baseline

Name of
cognitive
measure

Type of cognitive
measure

Name of
depression
outcome

Type of
depression
outcome

Covariates
included in
meta-analysisa

Percent
female Race/ethnicity Continent

Mean
age at
baseline

Time
between
assessments
(years)

Year of
initial
assessment

Baer et al.
(2013)

Concordia
Longitudinal
Retirement
Project

Retirees 333 NR Study
assessment

NR Montreal
Cognitive
Assessment

Verbal
Comprehension,
Perceptual
Reasoning, Working
Memory

Center for
Epidemiological
Studies
Depression Scale
(CES-D)

Continuous Depression
symptoms at
Time 1

NR (both
male
and
female)

NR North
America

59.06 4 ∼2005

Beaujean
et al. (2013)

National
Longitudinal
Study of
Adolescent
Health (Add
Health)

Community
sample

14 322 NR Study
assessment

100.61 Add Health
Picture
Vocabulary
Test (AHPVT)
– an abridged
version of the
PPVT-R

Verbal
Comprehension

Created for this
study

Continuous Depression
symptoms at
Time 1

50 76.31% White;
16.74%
Black; 4.22%
Asian; 2.5%
American
Indian;
11.83%
Hispanic;
0.05% Mixed
Race

North
America

15.98 7 1994

Belsky et al.
(2012)

Environmental
Risk
Longitudinal
Twin Study
(E-Risk)

Birth cohort 2123 Conduct
disorder,
anxiety,
psychosis,
borderline
personality
disorder

Study
assessment

100 Wechsler
Preschool and
Primary Scale
of Intelligence
(WPPSI)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

Children’s
Depression
Inventory (CDI)

Continuous None 51 ∼90% White Europe 5 7 1999

Betts et al.
(2016)

Mater
University
Study of
Pregnancy
(MUSP)

Pre-birth
cohort

1934 Psychosis,
Mania

Study
assessment

NR Peabody
Picture
Vocabulary
Test-Revised
(PPVT-R)

Verbal
Comprehension

Composite
International
Diagnostic
Interview
(CIDI-Auto)

Continuous
(latent
factor)

None NR NR Australia 5 16 1989

Canals et al.
(2002)
(females)

NR Community
sample

99 NR Study
assessment

NR Academic
aptitude test
(AAT)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

Schedules for
Clinical
Assessment in
Neuropsychiatry

Categorical None 100 NR Europe ∼11 6 NR

Canals et al.
(2002)
(males)

NR Community
sample

100 NR Study
assessment

NR Academic
aptitude test
(AAT)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

Schedules for
Clinical
Assessment in
Neuropsychiatry

Categorical None 0 NR Europe ∼12 6 NR

Connolly
et al. (2014)

Temple
University
Adolescent
Cognition
and Emotion
(ACE) Project

Community
sample

200 NR Study
assessment

NR Digit Span from
Wechsler
Intelligence
Scale for
Children
(WISC)

Working Memory Children’s
Depression
Inventory (CDI)

Continuous Depression
symptoms at
Time 1

56.5 45.2% White;
51.3% Black

North
America

12.41 1 NR
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Table 1 (cont.)

Study
Name of
cohort Type of cohort

Sample
size Comorbidity

How
depression
assessed

Mean IQ
at
baseline

Name of
cognitive
measure

Type of cognitive
measure

Name of
depression
outcome

Type of
depression
outcome

Covariates
included in
meta-analysisa

Percent
female Race/ethnicity Continent

Mean
age at
baseline

Time
between
assessments
(years)

Year of
initial
assessment

Der et al.
(2009)

US National
Longitudinal
Survey of
Youth 1979

Community
sample

7458 Noted a range
of health
conditions

Study
assessment

NR Armed Services
Vocational
Aptitude
Battery
(ASVAB)/
Armed Forces
Qualification
Test (AFQT)

General Intelligence,
Verbal
Comprehension

Center for
Epidemiological
Studies
Depression Scale
(CES-D)

Continuous Depression
symptoms at
Time 1

52 31% Black;
19%
Hispanic

North
America

17.9 ∼22 1979

Dubow et al.
(2008)
(females)

Columbia
County
Longitudinal
Study
(CCLS)

School
Children
Grade 3

215 NR Study
assessment

∼104 California
Short-Form
Test of Mental
Maturity

General Intellignce Minnesota
Multiphasic
Personality
Inventory
(MMPI) Scale 2

Continuous None 100 90% White;
3% Black;
<1%Asian,
<1%
Hispanic

North
America

8 11 1960

Dubow et al.
(2008)
(males)

Columbia
County
Longitudinal
Study
(CCLS)

School
Children
Grade 3

211 NR Study
assessment

∼104 California
Short-Form
Test of Mental
Maturity

General Intelligence Minnesota
Multiphasic
Personality
Inventory
(MMPI) Scale 2

Continuous None 0 90% White;
3% Black;
<1%Asian,
<1%
Hispanic

North
America

8 11 1960

Evans et al.
(2015)

NR School
Children
Grades 5–9

192 Some with
ADHD

Study
assessment

111 Wechsler
Abbreviated
Scale of
Intelligence
(WASI)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning, Working
Memory,
Set-Shifting

Children’s
Depression
Inventory (CDI)

Continuous Depression
symptoms at
Time 1

52.1 71.4% White;
18.2% Black;
2.6% Asian;
3.6%
Hispanic;
4.2% Mixed
Race

North
America

12.36 0.3 ∼2000s

Franz et al.
(2011)

Vietnam Era
Twin Study
of Aging

Military cohort 1231 NR Study
assessment

NR Armed Forces
Qualification
Test (AFQT
Form 7A)

General Intelligence,
Perceptual
Reasoning, Working
Memory, Processing
Speed, Set-Shifting,
Inhibition

Center for
Epidemiological
Studies
Depression Scale
(CES-D)

Continuous None 0 86% White North
America

20 35 ∼1970

Gale et al.
(2008)

Vietnam
Experience
Study (VES)

Military cohort 3258 Mix Study
assessment

100 General
technical
section of the
Army
Classification
Battery

General Intelligence,
Verbal
Comprehension,
Arithmetic
reasoning

Diagnostic
Interview
Schedule (DIS)

Categorical Socioeconomic
Status,
Ethnicity, Place
of service

0 80.8% White;
12.7% Black

North
America

20.4 ∼17 ∼1964

Gale et al.
(2009)
(1958
Cohort)

1958 National
Child
Development
Survey

Birth cohort 6369 NR Study
assessment

102.8 General ability
test, devised
by the
National
Foundation
for
Educational
Research in
England and
Wales

General Intelligence Rutter’s Malaise
Inventory

Continuous None NR (both
male
and
female)

NR Europe 11 22 1969
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Gale et al.
(2009)
(1970
Cohort)

1970 British
Cohort Study

Birth cohort 6074 NR Study
assessment

101.8 British ability
Scale

General Intelligence Rutter’s Malaise
Inventory

Continuous None NR (both
male
and
female)

NR Europe 10 20 1980

Gjerde
(1995)
(females)

NR Recruited from
a nursery
school

51 NR Study
assessment

118.7 Wechsler Adult
Intelligence
Scale (WAIS)

General Intelligence General Behavior
Inventory (GBI)
Depression scale

Continuous None 100 ∼66% White;
∼25%Black;
∼0.05%Asian

North
America

18 5 1983

Gjerde et al.
(1995)
(males)

NR Recruited from
a nursery
school

45 NR Study
assessment

111.12 Wechsler Adult
Intelligence
Scale (WAIS)

General Intelligence General Behavior
Inventory (GBI)
Depression scale

Continuous None 0 ∼66% White;
∼25% Black;
∼0.05%Asian

North
America

18 5 1983

Hatch et al.
(2007)

1946 British
Cohort Study

Birth cohort 957 NR Study
assessment

NR National
Foundation
for
Educational
Research Test

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

General Health
Questionnaire
(GHQ-28)-
severe
depression
subscale

Continuous None 51 NR Europe 8 45 1954

Hipwell
et al. (2011)

Pittsburgh
Girls Study
(PGS)

Community
sample

195 NR Study
assessment

99.54 Wechsler
Intelligence
Scale for
Children
(WISC) III-R

Verbal
Comprehension

Schedule for
Affective
Disorders for
School-Age
Children-
Present and
Lifetime Version
(K-SADS-PL)

Continuous Depression
symptoms at
Time 1

100 70% Black or
multiracial

North
America

11.54 1 1998

Horowitz &
Garber
(2003)

NR Elementary
school cohort

196 NR Study
assessment

104.61 Wechsler
Intelligence
Scale for
Children
(WISC) -R

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

Schedule for
Affective
Disorders for
School-Age
Children-
Epidemiological
Version
(K-SADS-E)

Categorical Depression
symptoms at
Time 1

54.2 89% White,
14.7% Black,
3.3% Other

North
America

11.86 6 ∼1980

Koenen
et al. (2009)

Dunedin
Cohort

Birth cohort 730 None Study
assessment

NR Wechsler
Intelligence
Scale for
Children
(WISC)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning, Working
Memory, Processing
Speed

Diagnostic
Interview
Assessment (for
DSM-IV)

Categorical Sex,
Socioeconomic
Status,
Physical
Health,
childhood
maltreatment

48 ‘Primarily
White’

New
Zealand

9 23 1981

McCord &
Ensminger
(1997)
(females)

Woodlawn
Cohort

Elementary
school cohort

346 Some with
alcoholism

Study
assessment

NR, (13% Unspecified IQ
of sample had scores
over 110)

General Intelligence Composite
International
Interview
Schedule
(according to
DSM-III-R)

Categorical None 100 100% Black North
America

∼6 27 1966

McCord &
Ensminger
(1997)
(males)

Woodlawn
Cohort

Elementary
school cohort

313 Some with
alcoholism

Study
assessment

NR, (11% Unspecified IQ
of sample had scores
over 110)

General Intelligence Composite
International
Interview
Schedule
(according to
DSM-III-R)

Categorical None 0 100% Black North
America

∼6 27 1966

Meyer et al.
(2004)

NR Risk sample 86 NR Study
assessment

∼118 WISC General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

SCID Categorical None 63 90% White,
9% Black, 1%
Hispanic

North
America

11 13 1989
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Table 1 (cont.)

Study
Name of
cohort Type of cohort

Sample
size Comorbidity

How
depression
assessed

Mean IQ
at
baseline

Name of
cognitive
measure

Type of cognitive
measure

Name of
depression
outcome

Type of
depression
outcome

Covariates
included in
meta-analysisa

Percent
female Race/ethnicity Continent

Mean
age at
baseline

Time
between
assessments
(years)

Year of
initial
assessment

Papmeyer
et al. (2015)

Scottish
Bipolar
Family Study

Risk sample 111 NR Study
assessment

Controls:
108
Patients:
107

National Adult
Reading Test
(NART)

Verbal
Comprehension

Structured Clinical
Interview for
DSM Disorders
(SCID)
symptoms

Categorical None 52 NR Europe 21 2 NR

Pine et al.
(1997)

NR Community
sample

644 NR Study
assessment

100.7 Unspecified
‘IQ’

General Intelligence Based on
Diagnostic
Interview
Schedule for
Children

Continuous Depression
symptoms at
Time 1

52 91% White North
America

13.8 9 1983

Quinn &
Joormann
(2015)

NR Undergraduate
students

43 NR Study
assessment

NR n-back Working Memory Beck Depression
Inventory II
(BDI-II)

Continuous Depression
symptoms at
Time 1

63 58% White,
30%
Hispanic or
Latino, 19%
Asian, 2%
African
American,
2%
American
Indian, 2%
Native
Hawaiian,
2% Indian

North
America

19 0.14 NR

Rawal &
Rice (2012)

Early
Prediction of
Adolescent
Depression
study

Risk sample 230 None Study
assessment

97.46 Wechsler
Intelligence
Scale for
Children
(WISC)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning, Working
Memory, Processing
Speed

Child and
Adolescent
Psychiatric
Assessment
(CAPA)

Both Depression
symptoms at
Time 1, Age,
Overgenerality
to negative
cues

59.6 NR Europe 13.71 1 NR

Sharp et al.
(2008)

The Child
Behaviour
Study

Community
sample

439 NR Study
assessment

105 Wechsler
Intelligence
Scale for
Children
(WISC)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

The Mood and
Feelings
Questionnaire

Continuous Depression
symptoms at
Time 1

52 97% White;
0.5% Black;
2.5% Asian

Europe 9.4 1 NR

Simons et al.
(2009)

East Flanders
Prospective
Twin Survey

Twin registry 444 NR Study
assessment

NR Principal
component
from Stroop,
Concept
Shifting Test,
and Letter
Digit
Substitution
Test

Processing Speed,
Set-Shifting,
Inhibition

Structured Clinical
Interview for
DSM Disorders
(SCID)
symptoms

Continuous Depression
symptoms at
Time 1

100 NR Europe 28 2 NR
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Slykerman
et al. (2015)

Auckland
Birthweight
Collaborative
Study

Birth cohort/
risk sample

609 NR Study
assessment

NR Stanford-Binet
Intelligence
Scale, 4th Ed

General Intelligence,
Fluid Reasoning,
Knowledge,
Qunatitative
Reasoning,
Visual-Spatial
Processing,
Working Memory

Center for
Epidemiological
Studies
Depression Scale
(CES-D)

Categorical
(cut-point)

None 49 NR New
Zealand

3.5 7.5 ∼2000

Sørensen
et al. (2012)

Danish
Draft-Board
Study

Military cohort 21 914 NR Psychiatric
registry

Controls:
100
Patients:
96–98

Børge Priens
Prøve (BPP)

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning

Danish
International
Classification of
diseases (ICD) 8
& 10

Categorical None 0 NR Europe 19.5 ∼36 1968–1989

Vinberg
et al. (2013)

NR High-risk
twins

224 Bipolar
disorder,
anxiety,
substance
abuse, other

Study
assessment/
psychiatric
registry

NR Cambridge
Cognitive
Assessment
(CAMCOG)

General
Neuropsychological
Function,
Orientation,
Lanugage, Memory,
Attention, Abstract
Thinking, Visual
Perception

Beck Depression
Inventory (BDI)

Continuous Depression
symptoms at
Time 1

65 NR Europe 43.9 7 2003

Zammit
et al. (2004)

Swedish
Conscripts
(1969–1970)

Military cohort 50 053 None Hospital
linkage

NR Unspecified
‘IQ’

General Intelligence,
Verbal
Comprehension,
Perceptual
Reasoning, General
Knowledge,
Mechanical
Knowledge

International
Classification of
diseases (ICD)
hospital
psychiatric
admissions

Categorical Diagnosis at
baseline,
disturbed
behavior, drug
use, raised in a
city

0 NR Europe ∼19 27 1969

Sample size is the number of subjects included in reported analyses of interest. NR, not reported.∼ indicates only a range was reported.
a This column notes covariates included in the meta-analysis. We focused on controlling for depressive symptoms at T1, but some studies reported effect sizes that also included controlling

for other variables – when the zero-order correlations were unavailable, these estimates were used.
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to investigate general information processing abilities
rather than cognitive attributional style, studies with
cognitive attribution measures as the sole cognitive
measure were excluded.

Comparisons

Search terms used to indicate the possible association
between cognitive function and depression included:
risk, premorbid, prodromal, onset, predict and association
(for a full list, see search terms in the Supplementary
Material). When data were reported from multiple
time-points, the analysis accounting for the longest
time between assessments was used.

Outcomes

Eligible studies reported depression diagnosis or
symptoms determined by investigator or self-report.
Presence of comorbidity was permitted given that de-
pression has been found to be highly comorbid with
other disorders (Melartin et al. 2002; Kessler et al.
2003). Articles not adequately specifying how depres-
sion was assessed or articles that did not uniquely
measure depression [i.e. only had an index of ‘mental
disorders’ or the category of ‘mood disorders’ lumped
together (Gale et al. 2010)], were excluded if no unique
measure of depression could be obtained from study
authors. This is because, although comorbidity was
permitted, these could have represented instances of
pure anxiety disorders with few or no depressive
symptoms or instances of bipolar disorder.

Study design

Eligible study search terms included: cohort studies, lon-
gitudinal, epidemiological, prospective, retrospective, follow-
up or case-control studies. Studies not following a longi-
tudinal design were excluded during full-text review.
Additionally, studies where cognitive function was
assessed only concurrently with or after depression
were excluded, given that the purpose of the review
was to investigate whether cognitive function pre-
dicted later depression.

Studies were included regardless of whether they
were reported in peer-review journals in order to ac-
count for potentially biased reporting of results.
Review articles were included in the search terms to
find additional relevant references, but were not
included in the meta-analysis. Baseline and protocol
studies without follow-up data were excluded.

Study selection

A flow diagram of the process of study selection shows
the overall procedures (Fig. 1). Records identified from
the search processes were combined in EndNote

software version X7 and duplicates were removed.
Titles and abstracts were reviewed independently by
two reviewers (M.S. and A.P.) according to the eligibil-
ity criteria described above, and marked as either po-
tentially eligible or not eligible. If either author
marked an article as potentially eligible, it was
included in the full-text review for closer examination
by M.S. and A.P., who used an electronic form to indi-
cate if an article should be included or excluded in the
final selection. When an article was excluded, the rea-
son for exclusion was selected from a hierarchical list
of exclusion criteria presented in Fig. 1. Both M.S.
and A.P. were initially blinded to the other’s decisions.
After both M.S. and A.P. completed their reviews, dis-
crepancies about whether a study should be included
or excluded were resolved via discussion and consen-
sus amongst M.S., A.P., T.M., A.H., and T.S.

Data extraction

Study information was extracted independently by
M.S. and A.P. using an electronic form created for
this study. Information was collected and coded
based on report characteristics, participant characteris-
tics, study setting, predictors, outcome measures and
quality assessment (Cooper, 2010). Any discrepancies
(approximately 3% of data points) were resolved via
consensus.

For studies with categorical depression diagnoses, ef-
fect sizes were generally presented as odds ratios. For
these studies, the odds ratio plus the upper and lower
bound of the confidence interval were recorded. Two
of the studies (Zammit et al. 2004; Gale et al. 2008)
reported odds ratios greater than one to indicate that
lower IQ was associated with greater risk of depression.
The other studies reported odds ratios in the reverse,
leading to odds ratios less than one for the same direc-
tion of the effect. Therefore the odds ratios from the first
two studies were recalculated by dividing (1/odds
ratio). Another study (McCord & Ensminger, 1997)
reported results from chi-squared tests. Additional stud-
ies reported mean premorbid IQ scores rather than odds
ratios, in which case the means, sample sizes and/or p
values and number of tails of the t test were utilized
to calculate the effect size.

For studies in which depression was measured as a
continuous variable, effect sizes were presented as cor-
relation coefficients. The direction of the effect (posi-
tive or negative) and the sample size were also
extracted to be used in the meta-analysis. Two studies
reported only beta weights (Simons et al. 2009; Rawal
& Rice, 2012) and we were not able to obtain zero-
order correlations from the authors. Given that previ-
ous reports have suggested that beta weights can be
used as an estimate of correlation coefficients in
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meta-analysis (Peterson & Brown, 2005), the beta
weights were used instead, and analyses were run
both including and excluding these data points.

When insufficient information was presented in the
article, authors were contacted requesting further de-
tail. An additional six studies were included at this
point. One study (Hatch et al. 2007) included effect
sizes for the female half of the cohort and did not pro-
vide statistics for the males, but did indicate a null ef-
fect. Only women from this study were included in the
meta-analyses, but imputing a score of 0 for the males
yielded similar overall results.

Follow-up analyses directly compared studies that
reported zero-order correlations between IQ at time

1, depression at time 1 and depression at time 2
(additional details described in the Supplementary
Methods).

Statistical methods

Data were analyzed using Comprehensive Meta-
Analysis software version 3.0 (Biostat Inc., USA). A
random-effects model was used for expected hetero-
geneity across studies. A random-effects model also
allows for broader generalization of results to the
population at large. Heterogeneity of effects was calcu-
lated using the Q statistic, where a significant p value
indicates that true effect varies across studies. The I2

Fig. 1. Flow diagram of the search process.
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statistic was used to calculate the ratio of the true het-
erogeneity to total variation, acting as an index of sig-
nal-to-noise ratio. When I2 is large, it is has been
recommended to consider subgroup analysis or meta-
regression to account for the variance (Borenstein
et al. 2011).

Subgroup analyses were conducted using a mixed-
effects analysis in which a random effects model was
used to combine studies within each subgroup, and a
fixed effect model was used to combine subgroups
and yield the overall effect (the study-to-study vari-
ance is not assumed to be the same for all subgroups).
Subgroup analyses were conducted comparing type of
outcome (continuous v. categorical), broad v. specific
cognitive measures, and outcomes that were adjusted
v. unadjusted for baseline depression symptoms.

Meta-regression was performed using the following
variables on unadjusted analyses: age at baseline, age
at follow-up, time between assessments, IQ, percent
white, year of cognitive assessment, year of follow-up
assessment, percent female, and study quality score.

Study quality and publication bias

Study quality was evaluated independently by M.S.
and A.P. using a checklist adapted from Luppino &
Wit (Luppino et al. 2010). The checklist contained 12
items and studies were rated with a ‘+’ if it met criteria
for that item, a ‘−’ if it did not meet criteria for an item,
and a ’?’ if unclear. ‘+’ were coded as a score of 1 and
−/? were coded as a score of 0. Total scores and percen-
tages were calculated. Articles with total scores of 0–3
were considered to be of low quality, scores of 4–7
were considered a medium quality, and scores of 8–
12 were considered to be of high quality. Any discrep-
ancies (approximately 3% of data points) were
resolved via consensus.

Publication bias was assessed using a funnel plot,
which presents study size on the vertical axis (as stand-
ard error, in this case) as a function of effect size on the
x-axis. When no publication bias exists, the studies
should be distributed symmetrically about the com-
bined effect size (Borenstein et al. 2011). If evidence
of publication bias was observed, Duval & Tweedie’s
trim-and-fill method was used (Duval & Tweedie,
2000), which recalculates effects based on imputing
data from studies that are likely to be missing. Last,
the Fail-safe N was calculated (Cooper, 1979), which
indicates the number of missing studies that would
need to exist to nullify the observed effect.

Results

A flow diagram of the search process is shown in
Fig. 1. The search identified 2773 records through

PubMed, 2158 through EMBASE and 1345 through
PsycINFO, for a total of 6276 records. Duplicate
records (1709) were removed in EndNote, resulting in
4567 unique records. After title and abstracts were
reviewed, 329 records were identified as potentially eli-
gible for the meta-analysis. These 329 records were
reviewed in full and 300 articles were excluded hier-
archically if they were: a review, baseline or protocol
paper (n = 6), if the sample had a mean age over 65
at the depression assessment (n = 41), if the sample
had a specific medical illness (n = 23), if the study
was not a longitudinal design (n = 19), if MDD diagno-
sis, hospitalization or admission to treatment center
was part of the inclusion criteria of the study (n = 18),
if cognitive function was assessed only concurrently
with or after depression (n = 36), if cognitive function
was assessed by educational achievement or self-report
(n = 26), if cognitive function was assessed by attribu-
tion style rather than neuropsychological measure (n
= 7), if there was no measure of cognitive function (n
= 18) or no uniquely measured depression outcome
(n = 24). Furthermore, if articles reported on the same
sample as another article with higher quality or more
information, the duplicate articles were excluded (n =
8). Last, a number of studies appeared to measure
both cognitive function and depression, but did not re-
port enough information to be included in the meta-
analysis and did not respond to requests for additional
information (n = 74, approximately 59 unique samples).
In total, 29 publication were included in the meta-ana-
lysis, comprising 34 samples (one study included two
separate birth cohorts and another four reported data
separately for men and women).

Study characteristics

The characteristics of included samples are detailed in
Table 1. Sample sizes ranged from 43 to 50 053 with a
median of 339.5. The most common types of samples
were school samples (9/34), community samples (8/
34), and birth cohorts (7/34). The samples were major-
ity white, with two samples having exclusively black
participants. Additionally, eight samples were men
only, six samples were women only, and the rest
reported combined effect sizes. Mean age of partici-
pants at baseline ranged from 3.5 to 59 years with a
median of 12 years. Most samples did not report
whether comorbid diagnoses were present (23/34).

Of the 74 papers excluded for having insufficient in-
formation (representing 60 unique samples), the me-
dian number of subjects was not statistically different
between those studies and the studies included in the
meta-analysis (n = 288 and n = 339.5, respectively, p =
0.19), nor did the average age of study participants at
baseline statistically differ (median across studies = 11
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v. 12, respectively, p = 0.57). The types of cognitive
measures used were also similar across the excluded
and included studies, with the most common measure
being IQ (28/60 and 20/29), followed by Verbal
Comprehension (8/60 and 5/29).

Meta-analysis

The overall analysis yielded a significant association
between cognitive function and subsequent depression
outcomes [r =−0.088, 95% confidence interval (CI)
−0.121 to −0.054, p < 0.001; Fig. 2]. Results were similar
when excluding the two studies that used beta-weights
(r =−0.071, 95% CI −0.100 to −0.042, p < 0.001) or
when using episodic memory in place of processing
speed in a study reporting both outcomes (r =−0.085,
95% CI −0.118 to −0.051, p < 0.001). Follow-up ana-
lyses were conducted in the sample of studies report-
ing educational attainment and self-report outcomes
(Supplementary Table S2). Heterogeneity across sam-
ples was significant (Q = 801.54, p < 0.001), suggesting
substantial variation across the individual samples.
The ratio of the true heterogeneity to total variation
was large (I2 = 95.88%). I2 is on a relative scale and
values close to 100 indicate that most of the observed
variance is real rather than spurious and suggests
that subgroup analyses or meta-regression may help
to explain this variability (Borenstein et al. 2011).

Subgroup analyses and meta-regression

A significant difference was found between categorical
and continuous effect sizes (p < 0.001). The studies
assessing continuous outcomes were found to have a
larger effect (r =−0.121, 95% CI −0.168 to −0.073, p <
0.001, n = 22) than studies assessing categorical out-
comes (r =−0.035, 95% CI −0.054 to −0.017, p < 0.001,
n = 12). No differences were observed between studies
utilizing broad v. specific cognitive measures (p = 0.57).

Outcomes were also compared adjusting for baseline
depression symptoms at the time of cognitive assess-
ment. Nine studies provided enough detail to calculate
the partial correlation coefficients adjusting for base-
line depression symptoms. Using the partial correl-
ation coefficients led to a null result (r =−0.032, 95%
CI −0.078 to 0.014, p = 0.169; n = 9, Fig. 3). The null
result does not seem to be due to a lack of power be-
cause using the unadjusted correlation coefficients for
the same nine studies still led to a significant result
(r =−0.120, 95% CI −0.169 to −0.070, p < 0.001, n = 9;
Fig. 3). As a follow-up, the difference in effect sizes be-
tween the adjusted and unadjusted values for these 9
studies were tested (r = 0.082, 95% CI 0.069–0.095, p <
0.001, n = 9), suggesting that the effects are significantly
different when directly comparing the values that do
and do not control for baseline depression symptoms.

Expanding the subgroup analyses to include studies
that controlled for baseline depression plus other co-
variates (Zammit et al. 2004; Simons et al. 2009; Rawal
& Rice, 2012), and studies that explicitly excluded for
a history of depression diagnosis (Gale et al. 2008;
Vinberg et al. 2013; Papmeyer et al. 2015), did not
change the null result (r =−0.027, 95% CI −0.058 to
0.005, p = 0.097; n = 15).

None of the meta-regression analyses were signifi-
cant, indicating that the between-study variance was
not attributable to age at baseline, IQ, percent of sam-
ple that was female, percent of the sample that was
white, age at follow-up, time between assessments,
year of cognitive assessment, year of follow-up assess-
ment, or study quality score.

Study quality and publication bias

Multiple samples within a study were combined for
the purposes of quality assessment, given that studies
within the same publication were found to employ
the same methodology. Of the 29 publications reviewed,
12 were rated as high quality and 17 were rated as me-
dium quality. Details are provided in Supplementary
Table S1. Comparable results to the overall findings
were obtained when just using high quality studies (r
=−0.085, 95% CI −0.141 to −0.029, p = 0.003).

Inspection of the funnel plot (Fig. 4) found no evi-
dence for publication bias to support the hypothesis.
In fact, imputation of negative correlations suggested
that additional studies favoring the hypothesis may
be missing. While the calculated effect size is −0.088
(95% CI −0.121 to −0.054), using Duval & Tweedie’s
trim-and-fill method, the imputed effect size estimate
is larger at −0.137 (95% CI −0.176 to −0.099, imputed
studies n = 11). Last, the Fail-safe N procedure found
that 3583 null studies would need to be located for
the combined two-tailed p value to exceed 0.05. This
suggests that significant results are not likely to be con-
founded by publication bias and may even underesti-
mate true effect sizes.

Discussion

The present systematic review and meta-analysis of 29
longitudinal publications, including 1 21 749 partici-
pants, revealed that after accounting for baseline depres-
sion symptoms, variability in cognitive function did not
predict subsequent depression. Consistent with prior
reports, there was a significant contemporaneous associ-
ation between higher depression symptoms and lower
cognitive function. These patterns have implications for
understanding the association between cognitive func-
tion and depression and may be important for advan-
cing etiologic and treatment research.
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First, our findings reinforce models positing that
cognitive function tracks with depression severity
(McDermott & Ebmeier, 2009). One possible explan-
ation for this contemporaneous association is that de-
pression symptoms interfere with the capacity to
complete cognitive assessments, possibly through the
general lack of motivation that is one hallmark of the
disorder. While this explanation represents an experi-
mental confound for studies focused on assessment
of cognitive function, it likewise represents an oppor-
tunity for studies to focus more comprehensively on
the assessment of both depression and mood disorder
symptoms, since performance on cognitive tests may
be a sensitive measure of motivational state that
could augment self-reported symptoms. Alternatively,
the co-occurrence of cognitive deficits and depression
symptoms may reflect shared genetic etiology (Hagen-
aars et al. 2016) and dysfunction of neural circuits

supporting both cognitive and emotional processes
(Scult et al. 2016). In particular, dysfunction of prefront-
al and striatal circuits have been associated with both
depression and cognitive function (Keedwell et al.
2005; Aarts et al. 2011).

Second, our findings suggest that prior studies of
links between cognitive function and depression that
did not assess baseline symptoms may have overesti-
mated the potential protective role of higher cognitive
function. While the importance of accounting for sub-
clinical symptoms is not novel, the implementation of
such accounting is often neglected in psychiatric epi-
demiology, given the current categorical, threshold-
based diagnostic system. In our meta-analysis, larger
effects were observed for continuous as compared to
categorical outcomes, which aligns with growing em-
phasis on dimensional measures of psychopathology
(Cuthbert & Kozak, 2013).

Fig. 2. Meta-analysis of the association between cognitive function and subsequent depression. A forest plot for all studies
that investigated associations between cognition and later depression. Results are reported as correlation coefficients denoted
by squares, and 95% confidence intervals (CI) indicated by lines (effect sizes are converted to correlation coefficients if
reported as odds ratios). Meta-analysis results are displayed as the diamond. The overall analysis found a significant effect of
cognition on depression (r =−0.088, 95% CI −0.121 to −0.054, p < 0.001).
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Fig. 4. Trim-and-fill funnel plots for all samples. Fisher’s Z, a measure of effect size, is plotted on the x-axis and the standard
error is plotted on the y-axis. Larger studies appear toward the top of the graph and smaller studies towards the bottom. In
the absence of publication bias, the studies are symmetrically distributed around the mean. Actual studies are shown in open
circles and imputed studies would be shown in black circles. No additional studies would be expected in the opposite
direction (to the right) of the observed effect, but an additional 11 studies are imputed to the left of the mean effect size.
While the calculated effect size is −0.088 [95% confidence interval (CI) −0.121 to −0.054], using Duval & Tweedie’s trim-and-
fill method, the imputed effect size estimate is larger at −0.137 (95% CI −0.176 to −0.099; imputed studies n = 11).

Fig. 3. Meta-analysis comparing values adjusted for baseline depression symptoms v. unadjusted. A forest plot for analysis
comparing results from a subset of the same set of studies reported in Fig. 2 when using unadjusted values compared to
using values that are adjusted for baseline depression. Effects are significant for unadjusted values [r =−0.120, 95% confidence
interval (CI) −0.169 to −0.070; p < 0.001], but not for adjusted values (r =−0.032, 95% CI −0.078 to 0.014, p = 0.169). Results are
reported as correlation coefficients denoted by squares, and 95% CIs indicated by lines. Meta-analysis results are displayed as
diamonds.
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Third, the associations between cognitive function
and either current or later depression were not moder-
ated by data quality or participant age, sex, and race.
However, there are a number of additional potential
moderators that could not be addressed in the current
review and meta-analysis. For example, the number
and type of comorbid conditions with depression
were often not reported in the included studies, but
could represent an important moderator of the
observed effects. Modeling the effects of comorbid ill-
ness is an important avenue for future research.

One limitation of the current literature is that only a
handful of studies reviewed explicitly excluded for de-
pression diagnosis at baseline (Gale et al. 2008; Vinberg
et al. 2013; Papmeyer et al. 2015); however, consistent
with the finding that controlling for baseline depres-
sion symptoms led to a null association between cogni-
tion and subsequent depression, there was no effect
observed when including these studies in the sub-
group analyses, further suggesting that the association
between cognitive function and depression is likely
contemporaneous. It will be important to follow-up
these analyses with individual studies that include
rigorous assessment of baseline depression symptoms
and other potentially confounding factors to further
clarify this relationship.

An open question that remains for future research is
whether deficits in cognitive function are likely to pre-
dict the development of more sever or recurrent de-
pression later in life. Only one of the included studies
(Koenen et al. 2009), specifically investigated recurrent
depression and found that lower IQ was associated
with greater persistence of disorder.

A final consideration is that while our review and
meta-analysis focused on general cognitive function
mainly assessed via IQ, there may be specific subtypes
of cognitive function that are more predictive of later
depression. For example, a lack of cognitive flexibility
may more closely match with the ruminative style
characteristic of depression, and therefore tasks specifi-
cally measuring this component of cognitive function
might have some predictive utility. While our review
did not find differences between broad and specific
measures of cognitive function, there were not enough
studies identified to allow for precise consideration of
differences between individual cognitive domains.

A limitation of the meta-analysis is that while the
present study followed standard guidelines (Stroup
et al. 2000; Atkinson et al. 2014), decisions about
study selection, data extraction, and quality assess-
ment, include a number of decision points that neces-
sarily involve a level of subjectivity. Reliability was
ascertained by using independent raters, however, dif-
ferent inclusion/exclusion criteria or a different ap-
proach to the evaluation of those criteria, could result

in a different set of studies being included.
Ultimately, the quality of the meta-analysis is depend-
ent upon the underlying studies that are analyzed.
Furthermore, although studies with insufficient infor-
mation to be included in the meta-analysis were not
found to differ based on basic study data from those
studies included in the meta-analysis, nonetheless it
is unknown how if at all data from these studies
could change the overall results.

Acknowledging these limitations, our present review
and meta-analysis found that while an association is evi-
dent between cognitive function and later depression,
general cognitive function does not appear to be a risk
factor for depression, but rather is more likely related
to performance decrements associated with concurrent
depressive symptoms. Our results suggest that low cog-
nitive function is therefore probably not a causal factor
of depression and that clinical practice may benefit
more from a focus on how decreased cognitive function
in the depressed state is likely to influence treatment out-
comes (Gyurak et al. 2015). Our findings have important
implications for better understanding depression and for
the design of future studies in highlighting the need to
control for subthreshold depression symptoms when in-
vestigating risk factors for mental illness as well as when
assessing cognitive function more generally.

Supplementary material

The supplementary material for this article can be
found at http://dx.doi.org/10.1017/S0033291716002075.
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