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Background. Depressive symptoms and cognitive impairment often co-occur, but their interactive relationship is com-
plex and the direction of causation is still a topic of research. We examined the influence of cognitive performance on the
course of depressive symptoms during 7 years of follow-up in patients with vascular disease.

Method. Within the SMART-MR study, 736 patients (mean age 62 ± 10 years) had neuropsychological assessment on
four cognitive domains at baseline [memory (MEM), working memory (WMEM), executive functioning (EXEC), and in-
formation processing speed (SPEED)]. Depressive symptoms were assessed with the Patient Health Questionnaire-9
(PHQ-9) at baseline and every 6 months during 7 years of follow-up. Generalized Estimating Equation (GEE) models
were used to assess the association between cognitive performance with depressive symptoms at multiple time points
during follow-up. Interaction terms between the respective cognitive domains and time was included to examine if
the course of depressive symptoms differed according to baseline cognitive performance.

Results. The GEE analyses showed no significant interactions between the respective cognitive domains and time indi-
cating no different course of depressive symptoms according to baseline cognitive performance. Lower MEM, EXEC or
SPEED, but not WMEM performance, was significantly associated with more depressive symptoms during follow-up per
z score decrease: MEM [B = 0.70, 95% confidence interval (CI) 0.35–1.05]; EXEC (B = 0.88, 95% CI 0.41–1.36), and SPEED
(B = 0.57, 95% CI 0.21–0.92).

Conclusions. Poorer cognitive performance on the domains MEM, EXEC and SPEED, but not WMEM, was associated
with higher levels of depressive symptoms over 7 years of follow-up, but not with a different course of depressive symp-
toms over time.
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Introduction

With a prevalence of 15%, clinically relevant depress-
ive symptoms are common in older individuals
(Beekman et al. 1995). Depressive symptoms also fre-
quently occur in persons with cognitive decline and
dementia (Lyketsos et al. 2002). The relationship be-
tween depression and cognitive decline is complex
and the direction of causation is still a topic for re-
search (van den Kommer et al. 2013). Many studies
found that depression precedes cognitive decline and

dementia, suggesting that depression may be a risk
factor for or a prodrome of cognitive decline (Yaffe
et al. 1999; Kohler et al. 2010; Verdelho et al. 2013)
and subsequent dementia (da Silva et al. 2013).
However, the direction of causation may be reversed,
such that poorer cognitive performance is associated
with a subsequent higher level of depressive symp-
toms. For instance, depression may occur due to a
psychological reaction to the awareness of cognitive
impairment (Vinkers et al. 2004). Moreover, both de-
pression and poorer cognitive performance could re-
sult from the same underlying brain abnormalities, as
suggested for instance by the vascular depression hy-
pothesis (Alexopoulos et al. 1997a; Comijs et al. 2004;
Sanders et al. 2011).

Studies that assessed the prospective association of
cognitive performance with subsequent depressive
symptoms found inconsistent results (de Beurs et al.
2001; Cole & Dendukuri, 2003; Vinkers et al. 2004;
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Panza et al. 2009; Sanders et al. 2011). Whereas some
found an association between cognitive performance
and a higher level of depressive symptoms (Vinkers
et al. 2004; Sanders et al. 2011), others did not (de Beurs
et al. 2001; Cole & Dendukuri, 2003; Panza et al. 2009).

Most prospective studies on the association of cogni-
tive performance with depressive symptoms have data
on depressive symptoms available at two points in
time (de Beurs et al. 2001; Panza et al. 2009). However,
since depressive symptoms typically change in severity
over time (e.g. increase, decrease, or fluctuation of
symptoms) (Stegenga et al. 2012; Sutin et al. 2013), it is
important to assess depressive symptoms at several
time points, preferably with short intervals (Beekman
et al. 2002). Studies that assessed the association of base-
line cognitive performance with depressive symptoms
measured more than two times, with short intervals
and during a reasonably long follow-up period are
scarce and found conflicting results (Vinkers et al.
2004; Sanders et al. 2011). Poorer cognitive performance
at baseline has been associated with an accelerated in-
crease of depressive symptoms (Vinkers et al. 2004).
Moreover, in patientswith clinically relevant depressive
symptoms, poorer cognitive performance has been
associated with a chronic course of depressive symp-
toms rather than remission (Sanders et al. 2011). Fur-
thermore, few of these studies with frequent measures
of depressive symptoms distinguished separate cogni-
tive domains. In line with the vascular depression hy-
pothesis, executive dysfunction and slowed processing
speed have been related to a higher level of depressive
symptoms (Alexopoulos et al. 1997b; Sheline et al. 2006;
Sanders et al. 2011). Also, impaired attention and mem-
ory performance have previously been associated with
an accelerated annual increase of depressive symptoms
(Vinkers et al. 2004). However, this latter studywas con-
ducted in individuals aged≥85 years. As a consequence,
the influence of cognitive impairment on the longitudi-
nal course of depressive symptoms in middle-aged
adults remains largely unknown.

The aim of the present study was to examine the
influence of cognitive performance at baseline on the
course of depressive symptoms (e.g. increase, decrease
or fluctuation of symptoms) measured at 6-month
intervals during 7 years of follow-up in patients with
vascular disease, a group at increased risk for both cog-
nitive impairment (Duron & Hanon, 2008) and de-
pression (Valkanova & Ebmeier, 2013).

Method

SMART-MR study

Data were used from the Second Manifestations of
ARTerial disease-Magnetic Resonance (SMART-MR)

study, a prospective cohort study aimed to investigate
brain changes on MRI in 1309 patients who were re-
ferred to the University Medical Center Utrecht with
coronary artery disease, cerebrovascular disease, peri-
pheral arterial disease or abdominal aortic aneurysm,
and who had no MRI contraindications. Details of
the design and participants have been described else-
where (Geerlings et al. 2010). In brief, between May
2001 and December 2005, all patients newly referred
to the University Medical Center Utrecht with manifest
coronary artery disease, cerebrovascular disease, per-
ipheral arterial disease, or an abdominal aortic aneur-
ysm and without MRI contraindications were invited
to participate. During a 1-day visit to our medical cen-
tre, an MRI scan of the brain was performed, in ad-
dition to a physical examination, ultrasonography of
the carotid arteries, and blood and urine sampling.
Risk factors, medical history, and functioning were
assessed with questionnaires. Neuropsychological as-
sessment was introduced in the SMART-MR study in
January 2003 and was performed on the same day as
the MRI and other investigations. Between January
2006 and May 2009, all participants still alive were
invited for follow-up. For the present study, infor-
mation on cognitive performance was used from the
second SMART-MR measurement, as this is the first
measurement in which data on depressive symptoms
were collected. These data were obtained between
January 2006 and May 2009 from the 754 participants
that were still alive. Physical examination, neuropsy-
chological assessment, ultrasonography of the carotid
arteries, blood and urine sampling, and an MRI scan
of the brain were performed. Questionnaires were
used for assessing vascular risk factors and medical
history, including medication use, and assessment of
depressive symptoms. Starting in July 2008, depressive
symptoms were assessed biannually. This cohort with
follow-up every 6 months is the basis of the present
study. The SMART-MR study was approved by the
ethics committee of our institution, and written
informed consent was obtained from all participants.

Neuropsychological assessment

Cognitive performance was assessed with a set of stan-
dard neuropsychological manual pen-and-paper tests,
sensitive to mild impairments. Composite z scores for
the domains memory (MEM), working memory
(WMEM), attention and executive functioning
(EXEC), and information processing speed (SPEED)
were calculated. This division was made according to
standard neuropsychological practice and cognitive
theory, as described in detail in Lezak et al. (2004)
(for details, see online Appendix). The composite
scores for MEM included the immediate recall (range
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0–15) and delayed recall (0–15) of the 15-word learning
test (a modification of the Rey Auditory Verbal
Learning test; Brand & Jolles, 1985), a retention score,
estimated by dividing the number of words recalled
after 25 min by the maximum number of words
recalled during the immediate recall, and the delayed
recall of the Rey–Osterrieth Complex Figure test
(Osterrieth, 1944). The composite score for WMEM in-
cluded the Forward and Backward Digit Span (of the
Wechsler Adult Intelligence Scale – III; Wechsler,
2008). The composite score for EXEC included three
tests. First, we used the timing score of the Visual
Elevator test, a timed test of 10 trials that measures
mental flexibility and shifting of attention (Robertson
et al. 1996). Second, we used the Brixton Spatial
Anticipation test to assess the capacity to discover logi-
cal rules and mental inhibition and flexibility (Burgess
& Shallice, 1996). Third, we used the Verbal Fluency
test (letter A, 1-min time-frame, and category ‘ani-
mals’, 2-min time-frame) to assess mental flexibility
and employment of strategies (Wilkins et al. 1987).
SPEED was assessed with the Digit Symbol
Substitution test (Lezak et al. 2004). Composite z scores
were computed by converting raw scores to standar-
dized z scores and averaging them across all subtests
per domain. Before calculating z scores, the scores of
the Visual Elevator test and the Brixton Spatial
Anticipation test were multiplied by minus 1 so that
lower scores represented poorer performance.

Depressive symptoms

The Patient Health Questionnaire-9 (PHQ-9; Kroenke
et al. 2001; Thombs et al. 2008) was used to assess de-
pressive symptoms at baseline. Subsequently, starting
in July 2008, the PHQ-9 questionnaire was sent to all
participants every 6 months. The PHQ-9 assesses the
presence of the nine DSM-IV symptoms for major de-
pressive disorder in the past 2 weeks. Responses are
scored on a 4-point Likert scale of 0–3, indicating that
the participant experiences the symptom ‘not at all’,
‘on several days’, ‘onmore than half the days’, or ‘nearly
every day’. The total score ranges between 0 and 27,
with higher scores indicating more severe symptoms.
If no more than four items on the PHQ-9 questionnaire
were missing, the mean PHQ score of the subject was
imputed. A previous study from our study group
performed factor analyses in this cohort of patients
with symptomatic atherosclerotic disease, to divide
the nine PHQ-9 items into motivational (anhedonia,
appetite disturbance, energy loss, sleep disturbance,
concentration problems, and psychomotor retardation)
andmood (depressed mood, feelings of guilt, and suici-
dal thoughts) profiles (Grool et al. 2013). The sum score
of the motivational profile ranged between 0 and 18,

and the sum score of the mood profile ranged between
0 and 9. To identify patients with clinically relevant
levels of depressive symptoms, a previous suggested
cut-off score of 56 for the PHQ-9 was used (Thombs
et al. 2008). Using this cut-off score, the validity of the
PHQ-9 to detect major depressive disorder (MDD)
was good (sensitivity 83%, specificity 76%).

MRI protocol

MRI investigations were performed on a 1.5 T whole-
body system (Gyroscan ACS-NT, Philips Medical
Systems, The Netherlands). The MRI protocol and
brain segmentation method has been described else-
where (Anbeek et al. 2004, 2005; Geerlings et al. 2010).
In brief, total brain volume was calculated by summing
the volumes of grey and white matter and, if present,
the volumes of white-matter lesions (WMLs) and
infarcts. All volumes cranial to the foramen magnum
were included. As a result, the total brain volume
includes the cerebrum, brainstem and cerebellum.
Total intracranial volume (ICV) was calculated by
summing the total brain volume and the volumes of
sulcal and ventricular CSF. Total brain and ventricular
volums were normalized for ICV and were expressed
as brain parenchymal fraction and ventricular fraction
(% of ICV). At baseline and follow-up infarcts
were visually rated by an investigator and neuroradiol-
ogist, blinded to clinical characteristics and were
re-evaluated in a consensus meeting. Volumes of
WMLs obtained with the segmentation programme
consisted of periventricular and deep lesions and
were summed to obtain the total volume of WMLs.
WML volumes were normalized for ICV and natural
log-transformed.

Covariates

Premorbid intellectual functioning was assessed using
the Dutch version of the National Adult Reading test
(DART; Schmand et al. 1998). Educational level was
divided into seven categories: graded from primary
school (∼6 years of education) to academic degree
(∼16 years of education), according to the Dutch edu-
cational system. During the visit to the medical centre,
an overnight fasting venous blood sample was taken to
determine glucose levels. Height and weight were
measured without shoes and heavy clothing, and
body mass index (kg/m2) was calculated. Systolic and
diastolic blood pressure (mmHg) were measured
twice in supine position with a sphygmomanometer
and averaged. Diabetes mellitus was defined as a
known history of diabetes, self-reported or registered
glucose-lowering therapy, or glucose 511.1 mmol/l.
Patients not meeting these criteria, but with a fasting
plasma glucose level 57.0 mmol/l at baseline, were
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considered to have diabetes if they received treatment
with glucose-lowering agents within 1 year after base-
line. Pack-years of smoking was calculated, and al-
cohol intake was categorized into <1 drink per week,
1–20 drinks per week, and >20 drinks per week.
Presence of major depressive disorder according to
DSM-IV criteria (APA, 1994) in the preceding 12
months was assessed at baseline in all participants
using the Composite International Depression
Interview v. 2.1 (Robins et al. 1988). Use of antidepres-
sant medication (tricyclic antidepressants, selective
serotonin reuptake inhibitors, or monoamine oxidase
inhibitors) and benzodiazepines was assessed through
questionnaires.

Study sample

Of the 754 patients included in the second measure-
ment of the SMART-MR study, data on neuropsycho-
logical assessment was missing in 18 patients (2%),
resulting in a total study sample of 736 patients.

Data analysis

Baseline characteristics were calculated for the study
population. IBM SPSS Statistics v. 20 (IBM, USA) was
used for statistical analysis.

Because the repeated PHQ-9 assessments within one
subject are not independent of each other, we used
generalized estimating equation (GEE) models for con-
tinuous outcomes with robust standard errors to assess
the association between different domains of cognitive
functioning and level of depressive symptoms at mul-
tiple time points during follow-up (Twisk, 2003). GEE
uses all available longitudinal data to analyse the de-
velopment of the outcome over time without summar-
izing the longitudinal course of each of the subjects
into one value. The parameter estimate for the cogni-
tive domains reflects the fixed effect of cognitive per-
formance on depressive symptoms across all time
points. Time between PHQ-9 assessments was divided
into intervals of 6 months and entered as a categorical
variable in the GEE model. An interaction term be-
tween the respective cognitive domains and time was
included to examine if the course of depressive symp-
toms differed according to baseline cognitive perform-
ance. If the interaction was not significant (interaction
p value >0.05), the GEE analyses were repeated with-
out the interaction term to estimate the fixed effects
of cognitive function and time. In model 1 we adjusted
for age, sex, educational level, and DART score, be-
cause these covariates may be important confounders
in the association between cognitive performance and
depressive symptoms. To test the possible hypothesis
that depressive symptoms are a psychological reac-
tion to the awareness of cognitive dysfunction we

additionally adjusted for subjective memory com-
plaints (model 2). In models 3 and 4 we additionally
adjusted for WMLs (model 3) and brain infarcts
(model 4), because these vascular brain lesions may
be explanatory variables in the association between
cognitive performance and depressive symptoms. We
finally adjusted for vascular risk factors (diabetes mel-
litus, systolic and diastolic blood pressure, body mass
index, alcohol use, and pack-years of smoking)
(model 5), because they can be confounders, shared
risk factors or precursors in the associations that we
investigated.

We repeated the analyses using motivational (range
0–18) and mood (range 0–9) sum scores as respective
dependent variables in model 1 to examine if the
observed relationship was driven by motivational or
mood symptoms.

To visualize the temporal course of depressive
symptoms for different levels of cognitive perform-
ance, we used the regression coefficients from the
GEE models from model 1 to estimate PHQ-9 scores
at each follow-up measurement in a regression equa-
tion. For the different levels of cognitive performance,
we used −2 S.D., 0, and +2 S.D. of the composite z scores
of the respective cognitive domains, and in the re-
gression equation we used the mean or median charac-
teristics of our study sample.

Results

The mean (S.D.) age of the study population was 62 (10)
years, the mean PHQ-9 score was 2.8 (3.5) at baseline,
and the majority were men (82%) (Table 1). The median
(10th–90th percentile) number of PHQ-9 assessments
was nine (3–10), during a median follow-up time of 65
(32–83) months. Overall response on the repeated
PHQ-9 assessments was high, varying between 86% and
97%. In the total study population, depressive symptom
scores did not significantly change over time (p value in-
teraction = 0.167). Mean (S.D.) scores on neuropsychologi-
cal tests are presented in online Supplementary Table S1.

The GEE analyses showed no significant interactions
between the domains of cognitive performance and
time (interaction p value MEM = 0.79, WMEM= 0.89,
EXEC = 0.52, SPEED = 0.65), indicating that the course
of depressive symptoms over time did not differ in re-
lation to baseline cognitive performance. We therefore
repeated the analyses without the interaction terms.
These analyses showed that 1 S.D. decrease in z score
of MEM was associated with a significantly higher
level of depressive symptoms averaged across all
time points [B = 0.70, 95% confidence interval (CI)
0.35–1.05], independent of age, sex, educational level,
and DART score (Table 2). Moreover, 1 S.D. decrease
in z score of EXEC and SPEED was significantly
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associated with a higher level of depressive symptoms
(EXEC: B = 0.88, 95% CI 0.41–1.36; SPEED: B = 0.57,
95% CI 0.21–0.92). Table 2 shows the results of the dif-
ferent models we used to adjust for potential confoun-
ders or explanatory variables. Additionally adjusting
for subjective memory complaints at baseline (model 2)
attenuated the results. Adjusting for vascular brain
lesions had only small impact on the estimates (models
3 and 4) with the largest impact for WMLs, but the
observed associations remained significant. Finally,
adjusting for vascular risk factors (model 5) also
slightly attenuated the results, and conclusions
remained similar. A 1 S.D. decrease in z score of
WMEM was not significantly associated with a higher
level of depressive symptoms (Table 2). The fixed ef-
fects of time were not statistically significant (p value
of fixed effect of time for MEM= 0.15, WMEM= 0.13,
EXEC = 0.11, SPEED = 0.12), indicating that the level
of depressive symptoms did not change over time.

When underlying symptoms profiles were dis-
tinguished, we observed that the associations of cogni-
tive performance with an increased level of depressive
symptoms during follow-up were stronger for motiva-
tional symptoms. In Table 3 it can be seen that the
intervals do not overlap for memory, executive func-
tioning and information processing speed. Although
not a formal test, it suggests that the associations of

MEM, EXEC and SPEED with motivation were stron-
ger than the associations with mood.

Fig. 1 shows the estimated PHQ-9 scores at each
follow-up measurement according to three levels of
cognitive performance (−2 S.D., 0, +2 S.D.) for an aver-
age individual in our study sample (i.e. age = 62
years, educational level = 4, DART score = 84, sex = 0.2
representing the 20% women in our sample).

Discussion

In this prospective cohort study of middle-aged and
older persons with a history of vascular disease we
observed that poorer memory, poorer executive

Table 1. Baseline characteristics of the study sample

Total study
sample (n = 736)

Age ± S.D. (years) 61.7 ± 9.5
Sex (% male) 82%
Level of education (range 1–7)a 4 (2–7)
Dutch adult reading test scorea 84 (60–97)
Mini-Mental State Examination
(range 0–30)a

29 (27–30)

Patient Health Questionnaire score
(range 0–27)

2.8 ± 3.5

Major depressive disorder (%) 6.8%
Use of antidepressants (%) 7.6%
Use of benzodiazepines (%) 5.6%
Vascular risk factors
Body mass index ± S.D. (kg/m2) 27.4 ± 3.8
Systolic blood pressure ± S.D. (mmHg) 143 ± 19
Diastolic blood pressure ± S.D. (mmHg) 82 ± 11
Pack-years smokinga 18 (0–49)

Alcohol intake (%)
<1 drink per week 16%
1–20 drinks per week 73%
>20 drinks per week 11%

Diabetes mellitus (%) 19%

aMedian (10th–90th) percentile.

Table 2. Results from the Generalized Estimating Equation models
showing difference in Patient Health Questionnaire-9 (PHQ-9) score
averaged across all time points per S.D. decrease in z score of cognitive
function

Model B (95% CI)

Memory (per S.D. decrease in
z score)

1 0.70 (0.35 to 1.05)
2 0.59 (0.27 to 0.92)
3 0.65 (0.31 to 0.99)
4 0.70 (0.35 to 1.05)
5 0.60 (0.25 to 0.95)

Working memory (per S.D.
decrease in z score)

1 −0.08 (−0.42 to 0.26)
2 −0.07 (−0.37 to 0.24)
3 −0.07 (−0.42 to 0.28)
4 −0.08 (−0.42 to 0.26)
5 −0.05 (−0.38 to 0.28)

Executive functioning (per
S.D. decrease in z score)

1 0.88 (0.41 to 1.36)
2 0.66 (0.24 to 1.08)
3 0.82 (0.31 to 1.32)
4 0.88 (0.40 to 1.36)
5 0.79 (0.34 to 1.25)

Information processing speed
(per S.D. decrease in z score)

1 0.57 (0.21 to 0.92)
2 0.40 (0.08 to 0.72)
3 0.54 (0.17 to 0.92)
4 0.57 (0.21 to 0.92)
5 0.47 (0.12 to 0.82)

B (95% CI) is the standardized B with 95% confident
interval and represents the change in PHQ-9 score per S.D.
decrease in z scores of memory, working memory, executive
function, and information processing speed.
Model 1: adjusted for age, sex, educational level, and

Dutch version of the National Adult Reading test (DART)
score.
Model 2: model 1 + subjective memory complaints at

baseline.
Model 3: model 1 + log-transformed white-matter lesion

volumes.
Model 4: model 1 + presence of brain infarcts.
Model 5: model 1 + vascular risk factors (diabetes mellitus,

systolic and diastolic blood pressure, body mass index,
alcohol use, and pack years of smoking).
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functioning, and poorer information processing speed
were associated with a consistently higher level of de-
pressive symptoms over 7 years of follow-up.
Cognitive performance was, however, not associated
with change in depressive symptoms during follow-up
(increase, decrease, or fluctuation of symptoms).
Working memory was not significantly associated
with level or change in depressive symptoms.

Before we interpret our findings, some strengths and
limitations of the study should be considered.

Strengths are the prospective design with long follow-
up period and frequently assessed depressive symp-
toms. Furthermore, the sample size was large and
overall response rates during all follow-up measure-
ments were high. This made it possible to monitor
mild fluctuations in depressive symptoms over time.
Second, we assessed cognitive functioning in multiple
domains, which allowed us to examine to what extent
cognitive domains were differentially associated with
depressive symptom course.

Table 3. Results from the Generalized Estimating Equation models showing difference in mood and motivation score of the Patient Health
Questionnaire-9 (PHQ-9) score averaged across all time points per S.D. decrease in z score of cognitive function

Mood score (range 0–9)
B (95% CI)

Motivation score (range 0–18)
B (95% CI)

Memory (per S.D. decrease in z score) 0.13 (0.04 to 0.22) 0.57 (0.31 to 0.84)
Working memory (per S.D. decrease in z score) −0.05 (−0.15 to 0.05) −0.03 (−0.28 to 0.22)
Executive functioning (per S.D. decrease in z score) 0.14 (0.01 to 0.26) 0.75 (0.38 to 1.12)
Information processing speed (per S.D. decrease in z score) 0.09 (−0.01 to 0.18) 0.48 (0.20 to 0.75)

B (95% CI) is the standardized B with 95% confidence interval and represents the change in PHQ-9 score per S.D. decrease
in z scores of memory, working memory, executive function, and information processing speed. B values are adjusted for age,
sex, educational level, and Dutch version of the National Adult Reading test (DART) score.

Fig. 1. Estimated Patient Health Questionnaire-9 (PHQ-9) scores during follow-up for patients with relatively good (solid line;
+2 S.D.), moderate (dotted line; 0), and poor (dot-dashed line; −2 S.D.) cognitive performance on the domains (a) memory
(MEM), (b) working memory (WMEM), (c) executive functioning (EXEC) and (d) information processing speed (SPEED) for an
average individual in our study sample (i.e. age = 62; educational level = 4; Dutch version of the National Adult Reading test
(DART) score = 84; sex = 0.2 representing the 20% women in our sample).
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A limitation is that we did not have follow-up mea-
sures of cognitive functioning. We could therefore not
assess if the temporal course of depressive symptoms
changed as a function of change in cognitive perform-
ance over time. A second limitation is that our study
sample mainly consisted of male patients and we were
therefore not able to investigate to what extent gender
differences modified our results. Furthermore, we had
no follow-up data available on anxiety and could there-
fore not investigate is our findings were specific for de-
pression. Another limitation is that we used manual
paper-and-pen tests that may be less reliable than com-
puterized reaction-time tests. However, all cognitive
tests that we used are known to be sensitive to mild cog-
nitive impairments. It is possible, however, that because
our participants had relatively intact cognitive perform-
ance and on average a relatively low level of depressive
symptomswedid notfind a change in depressive symp-
tom course as a function of cognitive performance.
Finally, participants in our study were included with
symptomatic atherosclerotic disease. Therefore, we do
not know whether the findings can be generalized to
the general population.

To the best of our knowledge, this is the first study
that investigates the influence of cognitive perform-
ance on the longitudinal course of depressive symp-
toms in patients with a history of vascular disease. A
number of studies have found that cardiovascular dis-
ease and a high cardiovascular risk are associated with
cognitive dysfunction (Vogels et al. 2007; Unverzagt
et al. 2011) and depression (Rothenbacher et al. 2007;
Huang et al. 2010; Valkanova & Ebmeier, 2013).
Studying this research question in this particular popu-
lation is therefore relevant and important. In this study
sample, not selected on depression status, we observed
that poorer cognitive performance at baseline was
associated with modestly higher levels of depressive
symptoms. These elevated symptoms were stable
over time and, on average, remained below the pre-
viously suggested critical threshold of 6 for clinically
relevant depressive symptoms (Thombs et al. 2008).
These findings thus suggest that middle-aged and
older persons with a history of vascular disease are
not necessarily on a trajectory towards higher inci-
dence of clinically relevant depressive symptoms.
While major depression following cardiovascular
events is frequent (Rudisch & Nemeroff, 2003;
Thombs et al. 2006; Robinson & Spalletta, 2010) the
long-term course of depression has not previously
been studied in patients with a history of vascular dis-
ease. Moreover, the vascular depression hypothesis
predicts a higher level of depressive symptoms as
well as impairment in executive functioning as a conse-
quence of frontal-subcortical lesions but it does not
necessarily predict a poorer course of depressive

symptoms as a function of impaired cognition, or per-
haps only if the vascular brain lesions also increased.
However, we do not have information on course of
brain lesions and can thus not answer this question.
It should also be noted that the patients in this sample
were included 4 years after entering the SMART-MR
study and we have no information on their depression
status at that time. It is thus possible that the increased
risk for depression faded and the sample is more simi-
lar to the general population.

In line with previous cross-sectional (Bierman et al.
2007; Gale et al. 2011) and prospective (Vinkers et al.
2004; Sanders et al. 2011) studies, our study shows
that patients with relatively poor cognitive perform-
ance have a consistent higher level of depressive symp-
toms during follow-up. This is in contrast to other
population-based cohort studies in older individuals,
who found no association between cognitive perform-
ance at baseline and depressive symptoms in prospec-
tive analyses (de Beurs et al. 2001; Cole & Dendukuri,
2003; Panza et al. 2009). Poorer cognitive performance
can lead to a higher level depressive symptoms for sev-
eral reasons. First, depressive symptoms can be the re-
sult of a psychological reaction to the awareness of
poorer cognitive performance. Indeed, memory com-
plaints are highly associated with a depressed mood
(Jonker et al. 2000). In the present study we find
some support for this explanation, because adjusting
for subjective memory complaints attenuated the
strength of the association between cognitive perform-
ance and depressive symptoms. Second, our findings
could be explained by a common underlying aetiology
or shared risk factors. Poorer cognitive performance
and depressive symptoms could both result from
shared underlying brain changes. For instance, the vas-
cular depression hypothesis states that disruption of
frontal-subcortical pathways by small vessel lesions is
associated with a higher level of depressive symptoms
(Alexopoulos et al. 1997a; Krishnan et al. 1997). This
disruption of frontal-subcortical pathways is also re-
lated to executive dysfunction, psychomotor retar-
dation, and a lack of energy, symptoms that all have
been proposed as characteristic symptoms of ‘vascular
depression’ (Alexopoulos et al. 1997b; Alexopoulos,
2001). Our study also supports this hypothesis because
adjusting for WMLs and brain infarcts attenuated the
strength of the association between cognitive perform-
ance and depressive symptoms. The vascular de-
pression hypothesis could also explain our finding
that the association was strongest for motivational
symptoms (Alexopoulos et al. 1997b).

Previous prospective studies did not distinguish sep-
arate cognitive domains when assessing the association
of cognitive performance with depressive symptoms,
but only measured for example intelligence (Gale
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et al. 2011) or Mini-Mental State Examination (MMSE)
score (Schoevers et al. 2000; de Beurs et al. 2001). We
observed that poorer cognitive performance in multiple
cognitive domains, with the exception of working
memory, was associated with an increased level of de-
pressive symptoms during follow-up. While one study
found an association with memory and attention
(Vinkers et al. 2004), another study found an association
with slowed processing speed (Sanders et al. 2011), sug-
gesting a generalized effect of cognitive function. This
may support the psychological reaction hypothesis if
poorer performance in more than one domain increases
the awareness of poorer cognitive performance and
therefore causes depressive symptoms. The symptom
profile of depression was more specific however, as
we observed that the associations were strongest for
motivational symptoms. This could be interpreted as
being supportive of a vascular origin of the depressive
symptoms, but it could also have resulted from the fact
that the motivational symptom profile included cogni-
tive symptoms (e.g. concentration problems and psy-
chomotor retardation) that are likely to be associated
with poorer cognitive performance. We found no as-
sociation between poorer performance on the domain
working memory and higher levels of depressive
symptoms. Previous studies in populations with vascu-
lar disease showed changes in memory, executive func-
tioning, and information processing speed, but not in
working memory (Brands et al. 2007). Also, in patients
with age-related diseases, such as Alzheimer’s disease,
working memory is a cognitive function that is rela-
tively long spared (Lezak et al. 2004). The other
domains that we measured (i.e. memory, executive
functioning, and information processing speed) seem
to be more sensitive to brain damage.

In this study poorer cognitive performance did not
influence change in depressive symptoms over time.
The temporal course of depressive symptoms asso-
ciated with cognitive performance was relatively stable
over the 7 years of follow-up. We expected that the
patients with relatively poorer cognitive performance
would show more fluctuations or perhaps an increase
in depressive symptoms during follow-up measure-
ments as found in another study (Vinkers et al. 2004),
although others have found only very little change in
depressive symptoms with cognitive decline prior to
dementia onset (Wilson et al. 2008, 2010). Another
study within patients with clinically relevant depress-
ive symptoms found that worse cognitive performance
was associated with a chronic but not with a fluctuating
course of depressive symptoms when compared with
remission (Sanders et al. 2011). A possible explanation
for the absence of change of depressive symptoms in
our study could be that patients with poorer cognitive
performance are less able to regulate their mood states

and behavior, resulting in a consistent higher level of
symptoms (Wilson et al. 2008). To test this hypothesis
it would be interesting to investigate to what extent dif-
ferent (mood regulating) brain structures influence the
longer term course of depressive symptoms.

In summary, in this cohort of patients with a history
of vascular disease, poorer cognitive performance in
multiple domains was associated with a higher level
of depressive symptoms over 7 years of follow-up.
However, cognitive performance was not associated
with change in depressive symptoms during follow-up.
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