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Aims Cardiovascular disease (CVD) has been suggested to accelerate cognitive decline and to be a risk factor for demen-
tia, but still little is known about the cognitive course after a first cardiovascular event. Therefore, the present
study aims to investigate the cognitive trajectories in both prevalent and incident CVD over a 12-year time period
in the general population.

...................................................................................................................................................................................................
Methods
and results

Cognitively healthy participants (age 24–82 years, n = 1823) of a prospective cohort study were serially assessed at
baseline, 6 and 12 years. Verbal memory, executive function, and information processing speed were analysed in
adults with prevalent, incident, and no CVD. Random effects models were used to test the association between
CVD and change in cognitive function over time. At baseline, participants with prevalent CVD showed more
decline in memory and information processing speed than healthy controls. Participants with incident CVD also
showed more decline in these cognitive domains, but this was only significant in the follow-up period from 6 to
12 years. Associations were more pronounced in participants aged younger than 65 years at baseline, and in sub-
analyses with angina pectoris or myocardial infarction as the most prevalent CVD conditions.

...................................................................................................................................................................................................
Conclusion Prevalent and incident CVD predict cognitive decline in middle-aged individuals. Findings for incident CVD suggest

that the onset of decline is linked in time with the vascular event itself. Timely CVD management may delay the
onset of decline.
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Introduction

Cardiovascular disease (CVD) predisposes individuals to cerebrovas-
cular damage and its incidence rises with age.1 CVD may lead to cog-
nitive and functional impairment and increases dementia risk.2

Ischemic brain lesions involved in the pathology of late-onset
Alzheimer’s disease and vascular dementia have been found in CVD.3

However, current guidelines on CVD prevention of the European
Society of Cardiology do not comment on the association between
CVD and cognitive decline.4

While associations between prevalent CVD and cognition or
dementia have been reported in cross-sectional5–9 and prospective
studies,7,10–12 non-significant associations exist, too.13–16 Inconsistencies
may stem from differences in definition and severity of CVD, cognitive
assessment, follow-up duration, and sample size.

Given the pathological cascade leading from CVD to brain lesions
to cognition takes time to evolve, effects on cognition probably vary
by CVD exposure duration, so that cognitive changes are still modest
in incident cases. Next, associations between CVD and cognitive
decline might be more pronounced in younger individuals, as has
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..been shown for hypertension17 and diabetes.18 Insight into the onset
and course of cognitive functions after incident CVD could show
whether there is a margin in time for prevention.

Therefore, we studied the cognitive trajectories of individuals with
prevalent and incident CVD over 12 years. It was hypothesized that
(i) prevalent CVD shows large cognitive decline and (ii) incident
CVD shows a more modest though more decline than those without
CVD. Since sex and age differences exist in CVD and rate of cognitive
decline, their possible effect modification was studied, too.

Methods

Participants
The Maastricht Aging Study (MAAS) is a prospective cohort study on
determinants of cognitive aging.19 In total, 10 801 people were invited
from the Registration Network Family Practices (RNH), a patient register

of collaborating general practitioners, representative of the Dutch popu-
lation. Exclusion criteria were major cerebrovascular pathology, nervous
system tumour or congenital malformation, multiple sclerosis, parkinson-
ism, epilepsy, dementia, organic psychosis, schizophrenia, affective psy-
chosis, and intellectual disability. From those remaining, a sample of 1823
individuals was drawn using optimal stratified sampling design with strata
for age, sex, and occupational achievement (low/high). Participants under-
went repeated assessments of blood pressure, medical history, lifestyle,
anthropomorphic and neurocognitive measures, at six [mean 6.2, stand-
ard deviation (SD) 0.2] and 12 years (mean 12.5, SD 0.3) after baseline.
The study complies with the Declaration of Helsinki. The local ethics
committee of Maastricht University Medical Centre approved the
research protocol (MEC05-107). All participants gave informed consent.

Measures
Cardiovascular disease

People were classified with CVD if they had been diagnosed with one of
the following conditions: peripheral artery disease, angina pectoris (AP),

........................................................................... ............................................................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of the cardiovascular disease groupsa

Prevalent CVD Incident CVD

Characteristic No, n 5 1628 Yes, n 5 195 F-statistic df No, n 5 1138 Yes, n 5 204 F-statistic df

Age 50.5 ± 17.7 69.5 ± 9.8 394.20*** 1,1822 46.8 ± 16.2 58.8 ± 13.6 101.99*** 1,1341

Female 854 (55.4) 56 (33.7) 26.27*** 1,1822 585 (54.0) 95 (51.2) 0.49 1,1341

Education

Low 569 (37.8) 96 (51.4) 6.05** 2,3633 340 (32.0) 106 (54.7) 18.09*** 2,2680

Middle 678 (39.4) 68 (32.8) 507 (42.6) 67 (30.7)

High 380 (22.9) 30 (15.8) 291 (25.4) 31 (14.6)

Smokers 999 (64.1) 145 (73.5) 5.14* 1,1701 694 (63.0) 127 (68.3) 1.64 1,1252

Alcohol abuse 47 (3.1) 4 (1.4) 2.24 1,1822 29 (2.4) 5 (3.0) 0.16 1,1341

Hypertension 504 (32.2) 156 (80.4) 145.68*** 1,1822 287 (25.1) 99 (49.1) 42.44*** 1,1341

Body mass index 26.5 ± 4.4 27.9 ± 3.7 21.30*** 1,1819 26.2 ± 4.3 27.7 ± 4.3 16.25*** 1,1339

Diabetes mellitus 49 (3.4) 19 (10.4) 15.83*** 1,1822 17 (1.5) 14 (7.3) 21.70*** 1,1341

Depressive symptoms 20.8 ± 6.5 21.7 ± 6.4 2.96 1,1781 20.5 ± 6.0 21.3 ± 6.7 2.11 1,1326

Cardiovascular diseasesb

Myocardial infarct 67 (33.0) N/A 47 (21.1) N/A

Angina pectoris 92 (49.3) N/A 68 (34.2) N/A

Peripheral artery disease 41 (21.7) N/A 73 (37.4) N/A

Heart insufficiency 26 (13.5) N/A 15 (8.4) N/A

Bypass surgery 28 (13.4) N/A 57 (26.2) N/A

Heart valve disease 17 (8.8) N/A 29 (12.8) N/A

Open-heart surgery 6 (3.2) N/A 11 (5.4) N/A

Neuropsychological tests

Verbal learning test (raw) 9.7 ± 3.1 7.5 ± 2.9 71.78*** 1,1815 10.2 ± 2.9 9.0 ± 2.7 28.40*** 1,1335

Verbal learning test (transformed) 103.8 ± 57.5 66.0 ± 44.7 91.36*** 1,1815 111.8 ± 56.3 88.0 ± 48.7 34.71*** 1,1335

Concept shifting test (raw) 12.1 ± 12.0 17.2 ± 12.9 17.70*** 1,1794 10.5 ± 9.5 14.7 ± 13.0 15.94*** 1,1324

Concept shifting test (transformed) 2.2 ± 0.9 2.6 ± 0.8 22.63*** 1,1733 2.1 ± 0.9 2.4 ± 0.9 19.89*** 1,1276

Letter digit substitution test (raw) 48.5 ± 12.2 39.2 ± 9.6 116.78*** 1,1818 50.7 ± 11.5 44.7 ± 10.4 46.26*** 1,1339

Means, SDs, percentages, F-statistic, and df’s are design-based estimates that are back-weighted to the sampling frame (n = 10658) from which participants were drawn.
Percentages may not sum up to 100 because of rounding.
CVD, cardiovascular disease; df, degrees of freedom; SD, standard deviation.
aData are presented as either mean ± SD or n (%).
bParticipants could have multiple conditions.
*P < 0.05.
**P < 0.01.
***P < 0.001.
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..myocardial infarction (MI), heart insufficiency, heart valve disease,
bypass surgery, or open-heart surgery. Individuals who reported one of
these at baseline were classified as prevalent CVD. Individuals who
reported one of these at 6- or 12-year follow-up were classified as inci-
dent CVD.

Neuropsychological assessment

Psychologists or trained test assistants administered a neuropsychological
battery at each wave. In the present study, the delayed recall of the visual
Verbal Learning Test (VLT) was used to assess verbal memory,20 the
shifting score of the Concept Shifting Test (CST) to assess executive
function,21 and the Letter Digit Substitution Test (LDST) to assess infor-
mation processing speed.22

Covariates
Potential confounders were demographic variables: age, sex, educational
level (low, middle, high), and health-related conditions: present or past
smoking (yes/no), alcohol abuse (yes/no), type 2 diabetes (yes/no, self-
report based on physician’s diagnosis and current anti-diabetic medica-
tion use), hypertension (yes/no, mean systolic blood pressure
>_140 mmHg and mean diastolic blood pressure >_90 mmHg measured
three times at 5-minute intervals by an automatic recording device—
Critikon Dinamap 8100; Critikon, Tampa, FL—or current use of antihy-
pertensive medication), body mass index (BMI, weight in kg/height in m2),
and depressive symptoms by using the total score of the 16 items of the
depression subscale (range 16–80) of the revised 90-item Symptom

Checklist.23 Hypertension, diabetes, BMI, and depression were assessed
at each wave.

Statistical analyses
Baseline differences between participants with and without CVD were
analysed using independent samples t-tests and v2 tests. In addition, all
analyses were back-weighted to the RNH source population from which
the sample was drawn, and we therefore report the design-based F-statis-
tic (see Table 1). The delayed recall score of the VLT and shifting score of
the CST needed square and logarithmic transformation respectively,
which led to a better (approximately normal) distribution. Random
effects models tested the association between CVD (prevalent and inci-
dent) and change in cognition over time. As suggested by likelihood-ratio
testing, the model included a random intercept and slope with an
unstructured correlation matrix. In order to allow for nonlinear effects, a
CVD-by-time interaction term with time entered as dummy variable for
each of the two follow-ups was included in the model. Also, two inverse
probability weights were added: an attrition weight that takes into
account the likelihood of being lost to follow-up, and a sampling weight
to generalize estimates to the total RNH population structure. All analy-
ses were first adjusted for age, age2, sex, education, followed by fully
adjusted that included hypertension, alcohol abuse, smoking, type 2 dia-
betes, BMI, and depressive symptoms. Only fully adjusted models are pre-
sented. Additional analyses were stratified by sex and age (<65 and
>_65 years). All analyses were two-sided with an 0.05 a and performed in
Stata 13.1 (StataCorp, TX, USA).

Figure 1 Cognitive trajectories of individuals with prevalent CVD (n = 195) and those without (n = 1628). CVD, cardiovascular disease. For the
domains verbal memory and information processing speed, a higher score means a better performance. However, for executive function, a higher
score means a worse performance.

S.H.J. Schievink et al.e4
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/43/7/e2/3978815 by M
aastricht U

niversity Library user on 11 M
arch 2024

Deleted Text: six
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: five
Deleted Text:  - 
Deleted Text:  - 
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: alpha


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.Results

Baseline differences
Of the 1823 participants, 195 (10.7%) were classified with prevalent
CVD. They were on average older, more often smokers, hyperten-
sive, overweight, diabetic, experiencing depressive symptoms, and
had a lower educational level (Table 1). At follow-up, 204 (15.2%)
individuals had incident CVD. They were on average older, less edu-
cated, overweight, hypertensive, diabetic, and reported more depres-
sive symptoms.

Prevalent cardiovascular disease and
cognitive decline
At baseline, the prevalent CVD group did not have significantly lower
cognitive scores, but a significant group-by-time interaction suggested
more decline over time in verbal memory and information processing
speed than the group without CVD (Table 2). As seen in Figure 1,
both groups’ scores increased from baseline to first follow-up in
verbal memory and information processing speed, but this was less
pronounced for the CVD group, suggesting a deviation from age-
normal levels. No differences were found for executive functioning
(Figure 1).

Effect modification by sex and age
Sex-stratified analyses suggest that men dictated the overall effect of
CVD on verbal memory, while both sexes declined more in informa-
tion processing speed if CVD was prevalent. In younger individuals,
CVD predicted faster decline in memory and information processing
speed, whereas in older individuals no significant decline in any
domain was predicted (Table 2).

Incident cardiovascular disease and
cognitive decline
Regarding incident CVD, the interaction with time suggested a signifi-
cant decline in verbal memory and information processing speed rel-
ative to those without CVD (Table 3, Figure 2). Time-stratified
analyses showed that decline was apparent from 6- to 12-years
follow-up only (verbal memory: v2 = 3.90, df = 1, P = 0.048; informa-
tion processing speed: v2 = 21.81, df = 1, P < 0.001). The interaction
between incident CVD and time for executive function was not sig-
nificant (v2 = 5.56, df = 2, P = 0.062), but a similar time-lagged drop
was observed in the 6- to 12- years follow-up period (v2 = 5.05,
df = 1, P = 0.025).

....................................................................................................................................................

.............................................. ................................................ .................................................

....................................................................................................................................................................................................................

Table 2 Mean differences (and 95% confidence intervals) in baseline cognition and in rate of cognitive decline (slopes)
from baseline between those with prevalent cardiovascular disease (n 5 195) and those without (n 5 1628)

Time

Baseline difference Change baseline to 6-year FU Change baseline to 12-year FU

Parameter Estimate 95% CI Estimate 95% CI Estimate 95% CI CVDxTimea

Verbal memory

Total 1.68 -6.01 to 9.37 -10.82* -20.09 to - 1.56 -24.23** -38.76 to - 9.70 13.28**

Women 0.02 -14.77 to 14.81 -4.58 -22.56 to 13.39 -15.02 -42.01 to 11.97 1.35

Men 2.53 -6.26 to 11.32 -13.70* -24.34 to - 3.07 -26.99** -42.45 to - 11.53 13.66**

Aged <65 years 5.33 -7.27 to 17.93 -11.75 -26.91 to 3.41 -23.47** -41.16 to - 5.78 7.54*

Aged >_65 years -5.43 -15.21 to 4.36 -2.71 -15.09 to 9.67 -5.05 -32.27 to 22.17 0.24

Executive function

Total -0.05 -0.22 to 0.13 0.08 -0.12 to 0.29 0.10 -0.19 to 0.39 0.77

Women -0.08 -0.36 to 0.21 0.31* 0.01 to 0.61 -0.22 -0.65 to 0.21 10.93**

Men -0.02 -0.24 to 0.20 -0.04 -0.30 to 0.22 0.31 -0.04 to 0.67 5.45

Aged <65 years -0.08 -0.37 to 0.20 0.06 -0.27 to 0.39 0.19 -0.20 to 0.58 0.99

Aged >_65 years -0.02 -0.24 to 0.21 0.12 -0.17 to 0.42 -0.54 -1.14 to 0.06 5.88

Information processing speed

Total 1.35 -0.18 to 2.88 -2.81*** -4.10 to - 1.52 -5.42*** -7.47 to - 3.37 31.04***

Women 0.97 -2.03 to 3.98 -2.81** -4.91 to - 0.72 -4.99** -8.10 to - 1.88 13.75**

Men 1.27 -0.42 to 2.95 -2.84*** -4.43 to - 1.25 -5.50*** -8.00 to - 3.00 20.04***

Aged <65 years 0.88 -1.52 to 3.29 -2.16** -3.69 to - 0.64 -3.91*** -5.54 to - 2.28 22.63***

Aged >_65 years 0.94 -1.12 to 2.99 -1.33 -3.43 to 0.77 -1.24 -6.18 to 3.70 1.56

Estimates from different cognitive domains are on different scales and cannot be directly compared. Model: CVD, time, CVDxTime, sex, age, age2, education, baseline smoking,
baseline alcohol abuse, body mass index, diabetes, depressive symptoms.
CI, confidence interval; CVD, cardiovascular disease; FU, follow-up.
av2 test (2 degrees of freedom) of interaction between CVD (yes, no) and time (baseline, 6-year, 12-year FU); omnibus test of the null hypothesis of no difference in rate of
change over time between CVD groups.
*P < 0.05.
**P < 0.01.
***P < 0.001.
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..Effect modification by sex and age
For information processing speed, incident CVD was associated with
more decline in both sexes. Stratification by age showed that decline
was statistically significant only in younger individuals (Table 3). Large
standard errors in the older group suggest more heterogeneity in
individual cognitive trajectories. Stratified effects in other cognitive
domains were statistically inconclusive.

Post hoc analysis: prevalent angina
pectoris, myocardial infarction, other
cardiovascular disease, and cognitive
decline
Since AP and MI were most common in prevalent CVD, their individ-
ual effects were studied in post hoc analysis. We analysed those with
AP only (n = 67), those with MI (with or without AP, n = 68), and
those with other CVD (n = 60) relative to the no CVD group
(n = 1 628). AP and other CVD were significantly associated with
decline in information processing speed and MI with decline in verbal
memory. To increase power, we then combined the MI/AP group as
suggested by directionally similar individual effects. The interaction
effects were significant for verbal memory and for information
processing speed, but again not for executive function (see
Supplementary material online, Table S4).

Discussion

The present study investigated the effect of prevalent and incident
CVD on cognitive decline over 12 years. Prevalent CVD predicted
faster decline in memory and processing speed. The effect on mem-
ory was stronger in men and below age 65. For processing speed, the
effect was stronger in both sexes and below 65. Incident CVD
showed a faster decline in memory and processing speed over time,
but this effect was more modest and only evident during the period
between the 6- and 12-year follow-up, i.e. after onset of CVD.
Incident CVD predicted decline in processing speed only in the
younger age group.

Comparison with other studies is hampered by differences in the
definition and severities of CVD, choice of cognitive measures, and
study design. In general, our findings are in line with previous stud-
ies5,8,12 and a recent systematic review,2 but not all,7,16 and suggest
that CVD is associated with worse cognitive test performance and
faster decline.

Other studies also found a decline in executive function.24,25

Rostamian et al.25 used the LDST to measure executive functions, which
we consider a test for information processing speed for which the
present study found an association, too. To test executive function, we
used the CST shifting index, which might not have been sensitive enough
for decline. Notably, this is similar to our previous findings in MAAS.17,18

The effect of incident CVD on cognition was not examined before.
In the present study, cognitive decline in incident CVD showed an

Figure 2 Cognitive trajectories of individuals with incident CVD (n = 204) and those without (n = 1138). CVD, cardiovascular disease. For the
domains verbal memory and information processing speed, a higher score means a better performance. However, for executive function, a higher
score means a worse performance.
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..insidious onset after 6 years and declined from that moment. We
previously reported similar findings for incident hypertension.17 This
trajectory indicates a window of opportunity for slowing of cognitive
decline by timely preventive measures. Indeed, recent studies
showed that an approach targeting multiple risk factors simultane-
ously is most promising.2 For instance, the recent FINGER study26

used a multifactorial approach including diet, exercise, cognitive train-
ing, and vascular risk monitoring in at-risk elderly to investigate
whether cognition can be improved or maintained by targeting health
and lifestyle factors relating to CVD. While the 6-year preDIVA
trial27 did not result in reduced dementia risk through a nurse-led
intensive vascular care program in adults aged 70–78 years, interven-
tion effects were observed in participants without a history of CVD,
which is in line with our finding of no significant decline in the pre-
diagnostic phase (from baseline to 6-year follow-up). Taken together,
these findings imply that primary prevention and timely management
of CVD can reduce dementia risk from a lifetime perspective. This
heart-brain connection makes a strong case that prevention of CVD
and prevention of dementia should go hand in hand.

A dementia diagnosis requires impairment in two or more domains,
next to interference with independence in activities of daily living due
to these impairments. In this regard, our finding that CVD leads to

decline in both memory as well as information processing speed is
noteworthy. Processing speed is sensitive to damage to the brain’s
connectivity and white matter integrity, which is a hallmark of late-
onset Alzheimer’s disease, next to the aggregation of amyloid plaques
and neurofibrillary tangles. Dementia and CVD share many risk factors
related to vascular health, including hypertension, obesity, cholesterol,
diabetes, healthy diet, and physical activity.2 CVD may lead to cerebro-
vascular changes, reduced cognitive functioning and dementia through
vascular insufficiency caused by atherosclerosis. Other underlying
pathophysiological mechanisms such as cerebral hypoperfusion and
low-cardiac output28 lower cerebral perfusion and affect the neuro-
vascular unit that ascertains constancy of cerebral blood flow, leading
to blood-brain barrier damage and cerebral small vessel disease.3

Indeed, previous studies found MI to be associated with presence of
white matter lesions.29 In addition, other risk factors for white matter
lesions might exert stronger effects in people with a history of MI,
including high diastolic blood pressure.30 Besides this, inflammation
and oxidative stress compromise repair mechanisms of damaged
white matter.31,32

Above findings were more pronounced in midlife. This is in line
with our previous studies,17,18 and supports current recommenda-
tion to start health- and lifestyle interventions aimed at reducing

...................................................................................................................................................

.............................................. ................................................ .................................................

.....................................................................................................................................................................................................................

Table 3 Mean differences (and 95% confidence intervals) in baseline cognition and in rate of cognitive decline (slopes)
from baseline between those with incident cardiovascular disease (n 5 204) and those without (n 5 1138)

Time

Baseline difference Change baseline to 6-year FU Change baseline to 12-year FU

Parameter Estimate 95% CI Estimate 95% CI Estimate 95% CI CVDxTimea

Verbal memory

Total -1.07 -8.87 to 6.74 -4.85 -13.10 to 3.40 -14.91** -25.69 to - 4.12 7.37*

Women 1.67 -10.16 to 13.50 -2.78 -16.85 to 11.29 -16.68 -35.90 to 2.54 3.51

Men -3.98 -14.14 to 6.18 -6.29 -15.83 to 3.25 -11.40* -22.78 to - 0.03 4.48

Aged <65 years -4.24 -13.49 to 5.01 1.05 -9.38 to 11.48 -8.18 -20.68 to 4.32 2.26

Aged >_65 years -4.49 -18.60 to 9.63 -8.82 -21.87 to 4.22 1.01 -23.12 to 25.13 2.58

Executive function

Total 0.07 -0.09 to 0.23 0.00 -0.17 to 0.16 0.24* 0.02 to 0.46 5.56

Women 0.17 -0.06 to 0.41 -0.02 -0.27 to 0.23 0.09 -0.27 to 0.46 0.35

Men -0.03 -0.24 to 0.18 0.01 -0.22 to 0.23 0.39** 0.12 to 0.66 12.36**

Aged <65 years 0.04 -0.14 to 0.22 -0.04 -0.22 to 0.15 0.24 -0.00 to 0.48 5.79

Aged >_65 years 0.22 -0.08 to 0.51 -0.06 -0.40 to 0.28 -0.16 -0.74 to 0.42 0.36

Information processing speed

Total 0.61 -0.91 to 2.13 -1.00 -2.25 to 0.25 -3.72*** -5.43 to - 2.02 24.02***

Women 0.02 -2.43 to 2.46 -1.30 -3.53 to 0.94 -3.74* -6.88 to - 0.60 7.93*

Men 1.08 -0.73 to 2.88 -0.79 -2.09 to 0.51 -3.79*** -5.54 to - 2.03 19.61***

Aged <65 years -0.75 -2.57 to 1.08 0.25 -0.78 to 1.28 -1.65* -2.93 to - 0.37 10.92**

Aged >_65 years 1.63 -0.93 to 4.20 -1.14 -3.82 to 1.54 -1.76 -6.65 to 3.14 0.72

Estimates from different cognitive domains are on different scales and cannot be directly compared. Model: CVD, time, CVDxTime, sex, age, age2, education, baseline smoking,
baseline alcohol abuse, body mass index, diabetes, depressive symptoms.
CI, confidence interval; CVD, cardiovascular disease; FU, follow-up.
av2 test (2 degrees of freedom) of interaction between CVD (yes, no) and time (baseline, 6-year, 12-year FU); omnibus test of the null hypothesis of no difference in rate of
change over time between CVD groups.
*P < 0.05.
**P < 0.01.
***P < 0.001.
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.
dementia risk in midlife or earlier.33 Possibly, midlife CVD exert
stronger effects because they impact on a relatively intact brain,
which leads to sharper contrasts with unexposed norm groups. In
later life, multimorbidity and wear-and-tear forces (oxidative stress,
low-grade inflammation) are prevalent and may cause brain damage
that dilutes the effect of any specific risk factor. Since large differences
exist in severity and duration of such exposures, this causes inter-
and intra-individual variability in cognitive performance as people age,
as has been reported with increasing age for choice reaction time,34

memory, and fluid cognitive abilities.35,36 Alternatively, selective attri-
tion could have led to an underestimation of the associations
between CVD and cognitive decline because older participants were
more likely to drop out of the study.37 Even though the maximum-
likelihood estimate and the attrition weights were used to minimize
the effect of loss to follow-up, this possibility cannot be excluded.

This study provides weak evidence for sex differences in the asso-
ciation between CVD and cognitive decline. Sex-stratified analyses
showed that associations were inconclusive in men with prevalent
CVD, whereas a significant decline in memory was found in women.
In contrast, decline in processing speed after prevalent CVD and
decline in memory and processing speed after incident CVD was
equal in both sexes. More research into this important topic is
warranted.

This study has several strengths, including its large sample size,
broad age range, long follow-up, serial assessment of several cognitive
domains, and the ascertainment of relevant confounders. However,
limitations should be mentioned. Cardiovascular disease and some
covariates were based on self-report, which may have led to non-
differential misclassification. Also, information on severity of the
CVDs is lacking although this may affect the association differentially.
Furthermore, some selection bias may have occurred by loss of older
participants, as discussed. And due to the explorative nature of the
study, we did not control for multiple comparisons and should there-
fore carefully interpret the results.

To conclude, this study indicates that individuals with prevalent
CVD show more cognitive decline in memory and processing speed
than controls. In incident CVD, decline is insidious and more modest,
which might provide an opportunity for prevention of cognitive
deficits.

Supplementary material

Supplementary material is available at European Heart Journal online.

Conflict of interest: none declared.

References
1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata

DM, Dai S, Ford ES, Fox CS, Fullerton H, Gillespie C, Hailpern S, Heit J, Howard
V, Kissela B, Kittner S, Lackland D, Lichtman J, Lisabeth L, Makuc D, Marcus G,
Marelli A, Matchar D, Moy C, Mozaffarian D, Mussolino M, Nichol G, Paynter N,
Soliman E, Sorlie P, Sotoodehnia N, Turan T, Virani S, Wong N, Woo D, Turner
M; American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2012 update a report from
the American heart association. Circulation 2012;125:e2–e220.

2. Deckers K, Van Boxtel MP, Schiepers OJ, De Vugt M, Mu~noz S�anchez JL, Anstey
KJ, Brayne C, Dartigues JF, Engedal K, Kivipelto M, Ritchie K, Starr J, Yaffe K,
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