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Abstract

Background: Lowering vascular risk is associated with a decrease in the prevalence of cardiovascular disease and
dementia. However, it is still unknown whether lowering of vascular risk with pharmacological treatment preserves
cognitive performance in general. Therefore, we compared the change in cognitive performance in persons with
and without treatment of vascular risk factors.

Methods: In this longitudinal observational study, 256 persons (mean age, 58 years) were treated for increased
vascular risk during a mean follow-up period of 5.5 years (treatment group), whereas 1678 persons (mean age, 50
years) did not receive treatment (control group). Cognitive performance was three times measured during follow-
up using the Ruff Figural Fluency Test (RFFT) and Visual Association Test (VAT), and calculated as the average of
standardized RFFT and VAT score per participant. Because treatment allocation was nonrandomized, additional
analyses were performed in demographic and vascular risk-matched samples and adjusted for propensity scores.

Results: In the treatment group, mean (SD) cognitive performance changed from − 0.30 (0.80) to − 0.23 (0.80) to
0.02 (0.87), and in control group, from 0.08 (0.77) to 0.24 (0.79) to 0.49 (0.74) at the first, second and third
measurement, respectively (ptrend < 0.001). After adjustment for demographics and vascular risk, the change in
cognitive performance during follow-up was not statistically significantly different between the treatment and
control group: mean estimated difference, − 0.10 (95%CI − 0.21 to 0.01; p = 0.08). Similar results were found in
matched samples and after adjustment for propensity score.

Conclusion: Change in cognitive performance during follow-up was similar in treated and untreated persons. This
suggests that lowering vascular risk preserves cognitive performance.

Keywords: Cognitive performance, Treatment of increased vascular risk, Observational longitudinal analysis,
Cardiovascular disease, Preventing cognitive impairment
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Background
Worldwide, the prevalence of dementia is expected to
reach 131.5 million persons in 2050 [1]. Because, up till
now, no curative treatment is available, there is an in-
creasing urge to prevent dementia in its earliest stages
[1]. Cardiovascular diseases and dementia share similar
pathogenetic processes, such as atherosclerosis, activated
by common vascular risk factors like hypertension and
hypercholesterolemia [2]. Therefore, it is generally as-
sumed that treatment of vascular risk factors could be
an effective strategy to preserve cognitive performance.
The effect of pharmacological treatment of vascular

risk factors on cognitive performance was investigated in
various randomized-controlled trials (RCTs) but overall,
the results have been inconclusive. Only the Systolic
Hypertension in Europe (Syst-Eur) trial and the Systolic
Blood Pressure Intervention Trial (SPRINT-MIND) sug-
gested a protective effect of antihypertensive treatment
on dementia in contrast to other trials [3–6]. Further-
more, intensified treatment of diabetes mellitus or
hypercholesterolemia had no effect on cognitive per-
formance in RCTs like the ADVANCE study and the
PROSPER trial [7, 8]. These negative findings may be ex-
plained by the fact that the intervention in these RCTs
was focused on only one vascular risk factor. As this
limitation was acknowledged in the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER), Prevention of Dementia by Inten-
sive Vascular Care (preDIVA) study and Multidomain
Alzheimer Preventive Trial (MAPT), these trials investi-
gated the effect of a multidomain vascular intervention
[9–11]. As described previously [12], in the FINGER
trial, the multidomain vascular intervention was associ-
ated with better cognitive performance. However, the
intervention in the FINGER trial also included cognitive
training which could have influenced the positive find-
ings considerably [9]. In the preDIVA trial, on the other
hand, there was no effect of the multidomain vascular
intervention on cognitive performance possibly due to
the similar reduction in vascular risk in the intervention
and control group [10]. Also, in the MAPT trial there
was no association between cognitive function and mul-
tidomain intervention. However, this multidomain inter-
vention included besides treatment of vascular risk
factors also physical activity, cognitive training and nu-
tritional advice [11]. Therefore, it is still unknown
whether only pharmacological treatment of all vascular
risk factors is positively associated with cognitive
performance.
Nevertheless, considering observational data, a positive

effect of pharmacological treatment on cognitive per-
formance seems plausible. Recently, for example, we
found that the change in cognitive performance was
dependent on treatable vascular risk in both middle-

aged and old persons during a mean follow-up period of
6 years [12]. Thus, in contrast to the trials described
above [9–11], our findings suggested that pharmaco-
logical treatment of increased vascular risk could have
an effect on cognitive performance. As the mean age of
the study population in our study (54 years) was clearly
lower than the average age of the study populations in
the trials (69, 75, and 75 years, respectively) [9–12], a
possible explanation for the negative results of the trials
might be that pharmacological treatment was prescribed
too late to preserve cognitive performance [13, 14].
Although our study had an observational design, we
were able to explore the effect of pharmacological treat-
ment on cognitive performance if it was started at youn-
ger age by extending the dataset of our previous study
with detailed data on (cardiovascular) drug use [12].
The aim of this observational longitudinal study was

to compare the change in cognitive performance of per-
sons with and without pharmacological treatment of vas-
cular risk factors over a follow-up period of nearly 6
years. The study included 1934 persons aged 35–82
years, who completed two to three measurements of
cognitive performance and vascular risk.

Methods
As this analysis is part of a longitudinal study, its
methods partly overlap with those in other studies pub-
lished by our group [12, 15].

Study design
The study was part of the Prevention of REnal and
Vascular ENd-stage Disease (PREVEND) study. As de-
scribed previously [16, 17], the aim of the PREVEND
study was to investigate prospectively the natural course
of microalbuminuria and its association with renal and
cardiovascular diseases in a cohort from the general
population. The inclusion of participants in PREVEND
study started in 1997–1998 (baseline). In brief, all 85,421
inhabitants of the city of Groningen, the Netherlands,
aged 28–75 years were invited to participate in this study
and to submit a first-morning-void urine sample. A total
of 40,856 (48%) people responded. Participants were se-
lected based on their urinary albumin excretion (UAE):
3395 with UAE < 10mg/dl and 7768 with UAE > 10mg/
dl. A total of 8592 participants completed the baseline
survey and were followed over time. The cognitive tests
were introduced at the third survey of the PREVEND
study (2003–2006). A total of 4135 participants com-
pleted the first measurement of cognitive performance
and underwent repeated testing in the fourth survey
(2006–2008) and/or fifth survey (2008–2012). Ultimately,
3601 participants completed two to three measurements
of cognitive performance. Additionally, all surveys in-
cluded also assessments of demographic, anthropometric
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and vascular risk factors, and measurements of haemato-
logical and biochemical parameters. Further details of the
PREVEND study can be found in Mahmoodi et al. and
Lambers Heersink et al. [16, 17]. A flow diagram of the
participants, who completed measurements of cognitive
performance at the third, fourth and fifth survey, can be
found in van Eersel et al. [15].
As described previously [12], the PREVEND study was

approved by the medical ethics committee (METc) of
University Medical Center Groningen, Groningen, the
Netherlands, and conducted in accordance with the
guidelines of the Helsinki declaration. All participants
gave written informed consent at baseline and agreed to
follow-up over time. People who were not able to under-
stand the invitation letter and submit a urine sample in
the screening phase (due to cognitive impairment or
other reasons) were considered incapable of giving in-
formed consent and excluded. People who did not
understand questions or instructions at follow-up were
also considered incapable in regard to informed consent
and consequently excluded from further participation.

Allocation of treatment groups
Allocation was nonrandomized. Participants were allo-
cated to the treatment group if they had pharmaco-
logical treatment of vascular risk factors for the first
time ≤ 100 days before the first measurement of cognitive
performance and continued treatment during follow-up.
Participants were allocated to the control group if they
did not have any pharmacological treatment of vascular
risk factors during the whole study period. Treatment of
vascular risk factors included pharmacological treatment
of hypertension, hypercholesterolemia, diabetes mellitus
and prevention of arterial thrombotic events. Pharmaco-
logical data were obtained from the IADB.nl prescription
database. IADB contains prescriptions from 54 commu-
nity pharmacies in the Netherlands and covers a popula-
tion of 500,000 people. Both the age distribution and the
prevalence of drugs used are comparable with that of
the total Dutch population [18].

Cognitive performance
As described previously [12], the cognitive performance
was measured with a composite cognitive score of the
Ruff Figural Fluency Test (RFFT) and the Visual Associ-
ation Test (VAT). This composite score was calculated
as follows (per participant and per measurement): the
raw scores of the RFFT and the VAT were standardized
to z-scores. Subsequently, the two resulting z-scores
were averaged. The calculation of the z-scores was based
on the mean and standard deviation of each test at the
first measurement.
In general, the RFFT is used as a measure of executive

function. However, it also yields important information

about other cognitive abilities such as initiation, plan-
ning, divergent thinking and the ability to shift between
different cognitive tasks. The lowest (worst) score is 0
points, the highest (best) score is 175 points [19, 20].
The RFFT is a sensitive measure and can be used to de-
tect changes in cognitive performance across a wide age
range [19, 21]. The VAT is a brief learning task and is
commonly used to evaluate memory impairment includ-
ing anterograde amnesia. The lowest (worst) score is 0
points, the highest (best) score is 12 points [22].

Covariates
As described previously [12], data on age, gender and
educational level were obtained from a questionnaire. In
contrast to previous analyses, educational level was di-
vided into two groups: low level (0–12 years of educa-
tion) and high level (≥13 years of education) [23]. A
history of cardiovascular events was defined as a prior
cardiac, cerebrovascular or peripheral vascular event re-
quiring hospitalization and was derived from the Dutch
national registry of hospital discharge diagnoses during
follow-up.
The vascular risk was measured by the Framingham

Risk Score for Cardiovascular Disease (FRS-CD) [24]. As
described previously [12], treatable vascular risk was
calculated on the treatable components of the FRS-CD:
diabetes mellitus (yes/no), current smoker status (yes/
no), systolic blood pressure (mmHg), total cholesterol
(mmol/l), HDL cholesterol (mmol/l) and use of blood
pressure lowering drugs (yes/no) [24]. A detailed de-
scription of the measurements of the separate risk score
components can be found in van Eersel et al. [12].

Propensity score
A propensity score balances covariates in observational
studies associated with the prescription of medication
and is used to reduce bias by indication in non-
randomized studies [25]. In this study, the estimated
propensity score for treatment of vascular risk factors
was calculated by a logistic regression model. The
dependent variable was treatment of vascular risk factors
(yes, no). The independent variables were age, gender,
educational level, race, history of cardiovascular disease,
family history of cardiovascular disease, body mass index,
waist circumference, presence of diabetes mellitus, smok-
ing, cholesterol, systolic blood pressure, diastolic blood
pressure, presence of left ventricular hypertrophy, presence
of albuminuria, use of alcohol, regular physical exercise, so-
cial situation, work situation, and net income per month
(see Supplemental Table 1). These independent variables
were selected because in other studies, it was found that
they are (potentially) associated with the prescription of
treatment of vascular risk factors whereas they may also be
associated with cognitive performance [26, 27]. Because the
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focus of the regression model was on optimal prediction,
every initial variable was left in the model, regardless of the
level of statistical significance of its coefficient. The R
square of the full model was 0.37.

Matching
A matched subsample of participants with and without
pharmacological treatment of increased vascular risk was
created by one-to-one matching on age, gender, educa-
tional level and treatable vascular risk.

Statistical analysis
Normally distributed data are presented as mean and
standard deviation (SD), and skewed data are presented
as median and interquartile range (IQR). Differences
were tested by t test or, if appropriate, Mann-Whitney U
test. Differences in proportion were tested by Chi-
Square test. Trends across measurements were analyzed

by ANOVA for normally distributed data and by the
Kruskal-Wallis H test for skewed data.
The longitudinal association of cognitive performance

with pharmacological treatment of increased vascular risk
was investigated by linear multilevel analysis (linear mixed
model analysis). Cognitive performance was the dependent
variable. Pharmacological treatment of vascular risk factors
(yes, no) was the independent variable. Participants were in-
cluded in the analysis if they had completed both cognitive
tests on at least two measurements. Consecutive measure-
ment number (1,2,3) was the lowest level and participant
the highest level. In this model, a significant main effect for
treatment indicates an overall treatment effect over all three
measurements. The interaction term treatment x consecu-
tive measurement number was added to assess the treat-
ment effect at the different measurements (1,2,3). First,
adjustment was made for consecutive measurement num-
ber, age, interaction age x consecutive measurement num-
ber, educational level and treatable vascular risk. Second,

Table 1 Characteristics of the study population at the first measurement (baseline)

All Control Treatmenta P valueb

n (%) 1.934 (100) 1.678 (100) 256 (100) N/A

Age (years), mean (SD) 51 (10) 50 (10) 58 (10) < 0.001

Age groups, n (%) < 0.001

35 to 44 years 542 (28) 520 (31) 22 (9)

45 to 54 years 713 (37) 641 (38) 72 (28)

55 to 64 years 449 (23) 357 (21) 92 (36)

65 to 74 years 190 (10) 133 (8) 57 (22)

≥ 75 years 40 (2) 27 (2) 13 (5)

Gender, n (%) < 0.001

Men 916 (47) 760 (45) 156 (61)

Women 1018 (53) 918 (55) 100 (39)

Educational level, n (%) < 0.001

Low (≤12 years) 624 (32) 498 (30) 126 (49)

High (≥13 years) 1310 (68) 1180 (70) 130 (51)

Race, n (%)

Western-European 1849 (96) 1604 (96) 245 (96) 0.62

Other 72 (4) 61 (4) 11 (4)

Cardiovascular historyc, n (%) 19 (1) 4 (< 1) 15 (6) < 0.001

Treatable vascular risk (points)d, mean (SD) 1 (3) 1 (3) 4 (3) < 0.001

Cognitive performance

RFFT (points), mean (SD) 74 (26) 76 (25) 64 (25) < 0.001

VAT (points), mean (SD) 10 (2) 10 (2) 9 (2) < 0.001

Composite z-scoree, mean (SD) 0.03 (0.78) 0.08 (0.77) −0.30 (0.80) < 0.001

Abbreviations: RFFT Ruff Figural Fluency Test, VAT Visual Association Test, SD Standard deviation, N/A Not applicable
a Treatment group included persons who had treatment of vascular risk factors for the first time at the first measurement of cognitive function
b P values refer to comparisons between persons with and without treatment of vascular risk factors
c All nineteen persons with a cardiovascular history had a cardiac event. There were no cerebrovascular of peripheral vascular event
d Treatable vascular risk is based on the components of Framingham Risk Score for Cardiovascular Disease that are amenable to treatment and included diabetes
mellitus, current smoker status, total cholesterol, HDL-cholesterol, systolic blood pressure and use of blood pressure lowering medication [24]
e Cognitive performance was measured as a composite score of two tests (z-score): the Ruff Figural Fluency Test (RFFT) and the Visual Association Test (VAT) [20, 22]
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adjustment was made for consecutive measurement num-
ber and propensity score. In all models, the continues vari-
ables were cognitive performance, age (years) and treatable
vascular risk (points). Treatment of vascular risk factors
(yes, no), consecutive measurement number (1,2,3) and
educational level were categorical variables. The level of
statistical significance was set at 0.05. All analyses were per-
formed using IBM SPSS Statistics 22.0 (IBM, Armonk,
NY).
In addition, as a consequence of its design, the partici-

pants of the PREVEND study had a somewhat higher
prevalence of microalbuminuria than the general popula-
tion (10% vs. 8%, respectively) [28]. Because this may in-
fluence data analyses, different statistical analyses of the
PREVEND study were repeated in a subset of the PRE-
VEND cohort, the Groningen Random Sample (n = 1651),
which had a similar prevalence of microalbuminuria (8%)
and other vascular risk factors as the general population
as described in Lambers Heerspink et al. [17]. Essentially
similar results were found if the analyses of cognitive per-
formance with different vascular risk factors were repeated
in the Groningen Random Sample compared to the ana-
lyses in the whole PREVEND cohort as described in Joos-
ten et al. and van Eersel et al. [12, 29, 30].

Results
Some data on the study population and the change in
cognitive performance have been described previously
[12, 15]. For convenience of the reader and to preserve
continuity, the data are also presented in the following.

Study population
A total of 3601 persons completed the cognitive tests at
multiple measurements: 2431 (68%) persons at three
measurements and 1170 (32%) persons at two measure-
ments. Of those, 21 persons (0.6%) were excluded be-
cause of incomplete demographic data and 8 persons
(0.2%) because of missing data on treatable vascular risk.
In addition, 484 (13%) persons were excluded because of
missing data on pharmacological treatment and 1154
(32%) persons because of pharmacological treatment of
vascular risk factors before the first measurement or
treatment started during follow-up (Fig. 1). Finally, the
total study population included 1934 persons. The mean
age (SD) was 51 (10) years, 47% was men and 96% was
of Western-European descent (Table 1).
Two hundred fifty-six persons (12%) had pharmaco-

logical treatment of vascular risk factors for the first
time at the first measurement of cognitive performance
and continued during follow-up. Persons in the treat-
ment group were older and had a lower educational level
compared to persons of the control group. The preva-
lence of cardiovascular history was higher in the treat-
ment group. Also, persons of the treatment group had a

higher treatable vascular risk than persons of the control
group (Table 1). In addition, the treatable vascular risk
of the treatment group did not change statistically sig-
nificantly during follow-up despite pharmacological
treatment of vascular risk factors (p = 0.41).

Longitudinal change in cognitive performance
The mean (SD) duration of follow-up was 5.5 (0.7) years.
As reported previously [15], the mean (SD) cognitive
performance of the total study population increased be-
tween consecutive measurements from 0.03 (0.78) at the
first measurement to 0.18 (0.81) at the second measure-
ment and to 0.44 (0.77) at the third measurement
(ptrend < 0.001).
The mean (SD) cognitive performance in the treat-

ment group was lower than in the control group. In the
treatment group, the mean (SD) cognitive performance
changed from − 0.30 (0.80) to − 0.23 (0.80) to 0.02 (0.87)
and in the control group, from 0.08 (0.77) to 0.24 (0.79)
to 0.49 (0.74) at the first, second, and third measure-
ment, respectively (ptrend < 0.001) (Fig. 2a).

Adjustment for demographic factors and vascular risk
If the change in cognitive performance was adjusted for
demographic factors and vascular risk, the difference in
cognitive performance between the two groups was
smaller (Fig. 2b). The covariate-adjusted linear mixed
model analysis did not show a statistically significant
overall treatment effect: the mean difference between
the treatment and control group was − 0.07 (95%CI −
0.16 to 0.01; p = 0.08). Moreover, the estimated mean
differences per measurement between the treatment and
control group was only statistically significant after ad-
justment for demographic factors. However, it was not
significant after additional adjustment for treatable vas-
cular risk (Table 2).

Adjustment for propensity score
For 1685 (87%) persons, a propensity score for pharma-
cological treatment of increased vascular risk could be
calculated. If the change in cognitive performance was
adjusted for propensity score, the covariate-adjusted lin-
ear mixed model analysis did not show a statistically sig-
nificant overall treatment effect: the mean difference
between treatment and control group was − 0.06 (95%CI
− 0.18 to 0.06; p = 0.32). Moreover, at none of the three
measurements, the estimated mean difference between
the treatment and control group was not statistically sig-
nificant (Table 3).

Matched samples
Overall, 239 persons from the treatment group could be
matched one-to-one to the control group. There were no
statistically significant differences between the matched
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Fig. 2 Mean cognitive performance during follow-up per control and treatment group. a unadjusted means. b covariate-adjusted estimated
means from linear mixed models adjusted for age, educational level, interaction age x measurement and treatable vascular risk. Cognitive
performance was measured as a composite score of two tests (z-score): the Ruff Figural Fluency Test (RFFT) and the Visual Association Test (VAT)
[20, 22]. Bars represent 95% confidence intervals

Fig. 1 Flowchart of the selection of the study population. a Persons with treatment of vascular risk factors before the first measurement are
persons with pharmacological treatment of hypertension, hypercholesterolemia, diabetes mellitus and prevention of arterial thrombotic events ≥100 days
for the first measurement of cognitive performance. b Persons with treatment of vascular risk factors between the first and third measurement are persons
who started with pharmacological treatment of hypertension, hypercholesterolemia, diabetes mellitus and prevention of arterial thrombotic events after
the first measurement of cognitive performance. c Persons with treatment of vascular risk factors at first measurement are persons with for the first time
pharmacological treatment of hypertension, hypercholesterolemia, diabetes mellitus and prevention of arterial thrombotic events ≤100 days before the first
measurement of cognitive performance and continued treatment during follow-up
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samples in age, gender, educational level or treatable vas-
cular risk (p > 0.58). On average, the treatment sample
had a slightly lower cognitive performance than the con-
trol sample at all measurements. In the treatment sample,
the mean (SD) cognitive performance changed from −
0.27 (0.80) to − 0.20 (0.80) to 0.05 (0.86) and in the control
sample, from − 0.23 (0.79) to − 0.13 (0.91) to 0.17 (0.79),
at the first, second and third measurement, respectively
(ptrend < 0.001). The overall treatment effect was not statis-
tically significant in linear mixed model analysis: the mean
difference between the matched treatment and control
sample was − 0.07 (95%CI − 0.21 to 0.07; p = 0.31). More-
over, at none of the three measurements, the estimated
mean difference between the matched samples was not
statistically significant (Table 3).

Discussion
In this large community-based observational study of
middle-aged and old persons, the mean change in

cognitive performance in the treatment and control
group was similar despite the fact that at baseline, the
treatment group was older, had a higher treatable vascu-
lar risk and a worse cognitive performance. This sug-
gests that the treatment of vascular risk factors preserves
cognitive performance.
Our findings supported the results of the Finnish

Geriatric Intervention Study to Prevent Cognitive Im-
pairment and Disability (FINGER) [9]. In this RCT, a
multidomain intervention including treatment of vascu-
lar risk factors maintained cognitive performance in
elderly people during a follow-up period of 2 years [9].
However, our study differs from the FINGER trial in
several aspects. While the FINGER trial included a
study population of elderly people with a high risk of
dementia, our study included a sample from the general
population comprising both middle-aged and old per-
sons. Moreover, the duration of follow-up in the FIN-
GER trial was 2 years, whereas in our study, follow-up

Table 2 Difference in cognitive performancea between treatmentb group and control group during follow-up: linear mixed model
analyses

Cognitive performance of treatment group as compared to control group (estimated mean difference)c

Model 1d Model 2e Model 3f

Mean 95%CI P value Mean 95%CI P value Mean 95%CI P value

First measurement −0.38 − 0.48 to − 0.28 < 0.001 − 0.10 − 0.20 to − 0.01 0.03 − 0.04 − 0.13 to 0.06 0.44

Second measurement −0.47 − 0.57 to − 0.37 < 0.001 −0.15 − 0.24 to − 0.06 0.002 −0.09 − 0.18 to 0.01 0.08

Third measurement −0.53 −0.65 to − 0.41 < 0.001 −0.16 − 0.27 to − 0.05 0.003 −0.10 − 0.21 to 0.01 0.08

Abbreviations: 95%CI, 95% confidence interval
a Cognitive performance was measured as a composite score of two tests (z-score): the Ruff Figural Fluency Test (RFFT) and the Visual Association Test (VAT) [20, 22]
b Treatment group included persons who had pharmacological treatment of vascular risk factors for the first time at the first measurement of cognitive function
c Estimated mean difference was calculated as mean cognitive performance of treatment group minus control group
d Model 1 is unadjusted; − 2*log likelihood: 10103.76
e Model 2 is adjusted for age, educational level, interaction age x measurement; − 2*log likelihood: 9378.05
f Model 3 is adjusted for age, educational level, interaction age x measurement, treatable vascular risk; − 2*log likelihood: 9348.58

Table 3 Difference in cognitive performancea between treatmentb group and control group during follow-up: linear mixed model
analyses

Cognitive performance of treatment group as compared to control group (estimated mean difference)c

Total study population (n = 1685) Matched sample 1:1 (n = 478)d

Model 1e Model 2f Model 3g Model 4h

Mean 95%CI P value Mean 95%CI P value Mean 95%CI P value Mean 95% CI P value

First
measurement

−0.35 − 0.46 to − 0.24 < 0.001 0.03 −0.10 to 0.16 0.68 −0.05 − 0.20 to 0.10 0.53 − 0.05 −0.17 to 0.08 0.49

Second
measurement

−0.45 −0.56 to − 0.34 < 0.001 −0.07 − 0.21 to − 0.06 0.28 −0.07 − 0.22 to 0.08 0.36 − 0.07 −0.20 to 0.06 0.28

Third
measurement

−0.51 −0.64 to − 0.39 < 0.001 −0.14 − 0.28 to 0.00 0.06 − 0.09 −0.26 to 0.07 0.27 −0.08 − 0.23 to 0.07 0.29

Abbreviations: 95%CI 95% confidence interval
a Cognitive performance was measured as a composite score of two tests (z-score): the Ruff Figural Fluency Test (RFFT) and the Visual Association Test (VAT)
[20, 22]
b Treatment group included persons who had pharmacological treatment of vascular risk factors for the first time at the first measurement of cognitive function
c Estimated mean difference was calculated as mean cognitive performance of treatment group minus control group
d The sample (N = 478) was matched on the following characteristics: age, gender, educational level and treatable vascular risk
e Model 1 is unadjusted; − 2*log likelihood: 8851.36
f Model 2 is adjusted for propensity score for treatment of vascular risk factors; − 2*log likelihood: 8752.82
g Model 3 is unadjusted; − 2*log likelihood: 2521.53
h Model 4 is adjusted for age, educational level, interaction age x measurement, treatable vascular risk; − 2*log likelihood: 2319.52
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was more than 5 years. Most importantly, the effect of
pharmacological treatment of vascular risk factors per
se on cognitive performance is unclear in the FINGER
trial as their multidomain intervention also included
other treatment methods such as diet, physical activity
and cognitive training [9]. In contrast, our study only
compared the change in cognitive performance between
persons with and without pharmacological treatment of
vascular risk factors. Therefore, it probably gives more
insight in the effect of vascular treatment per se in the
general population.
Similarly, our results supported the findings of the

Multidomain Alzheimer Preventive Trial (MAPT) [11].
In this trial, a multidomain intervention including phys-
ical activity, cognitive training and nutritional advice did
not reduce cognitive decline in frail elderly with memory
complaints during a follow-up period of 3 years [11].
However, this trail had the same shortcomings as the
FINGER trial. The MAPT trial included not only elderly
with complaints of cognitive dysfunction, but it is also
unclear whether the multidomain intervention included
pharmacological treatment of increased vascular risk
[11, 31]. Therefore, the effect of pharmacological treat-
ment of vascular risk factors per se on cognitive per-
formance is also in this trial unknown.
Our findings were also in line with the Prevention of

Dementia by Intensive Vascular Care (preDIVA) trial of
elderly people [10]. In this RCT, intensive treatment of
vascular risk factors did not result in a reduced inci-
dence of all-cause dementia in the treatment as com-
pared to the control group [10]. This result could
possibly be explained by the fact that a similar reduction
in vascular risk was achieved in the treatment and con-
trol group of preDIVA. In addition, the primary out-
come of preDIVA (all-cause dementia) might not be
sensitive enough to detect a difference between the
treatment and control group as dementia is usually diag-
nosed at a relatively late phase compared to the moment
when the first cognitive changes occur [10]. In contrast,
our study investigated the change in cognitive perform-
ance as outcome. Probably, this is a more sensitive
measure that may find relatively small differences be-
tween the treatment and control group at an earlier
stage.

Limitations and strengths
Some limitations of this study have to be noted, as was
also mentioned in our previous publication [12]. Most
importantly, our study had an observational design
whereas it is generally acknowledged that the estimated
treatment effects in observational studies may be higher
than the treatment effect that is found in subsequent
RCTs evaluating the same intervention [32]. Although
some argue that only RCTs could draw conclusions on

the impact of vascular risk management [33], RCTs
evaluating the effect of treatment of increased vascular
risk on cognitive performance are also hindered by im-
portant methodological challenges [34]. First, such RCTs
require large samples and long follow-up, especially in
people aged < 70 years. Second, the importance of vascu-
lar risk management to prevent cardiovascular disease is
undisputed. Therefore, withholding or withdrawing
treatment in control subjects for a long period would be
unethical [33, 34]. As a consequence, the feasibility of
such RCTs can be questioned. For that reason, we think
that large observational cohort studies comprising
middle-aged and old persons may add valuable insights
to what is known from recent RCTs. To lower the risk
of indication bias [25], we used propensity scores and
matching. In our study, these approaches yielded similar
results.
Another limitation may be the measurement of cogni-

tive performance with two cognitive tests which may not
measure all cognitive domains. However, the RFFT pro-
vides information about diverse cognitive abilities such
as initiation, planning, divergent reasoning, and the abil-
ity to switch between different tasks [19, 20]. Further-
more, the RFFT was combined with the VAT as a
measure of memory [22].
Also, it should be observed that in our study, the com-

posite cognitive test score increased across the measure-
ments in our study which was probably due to a practice
effect by the repeated exposure to the test [15]. Nonethe-
less, a practice effect is dependent on the capacity to learn
and therefore, can be considered as the result of different
cognitive abilities [35, 36]. Moreover, the association of cog-
nitive performance in our study was adjusted for repeated
measurements by entering consecutive measurement num-
ber as an independent variable into the regression models.
Finally, our study may be underpowered to detect a

statistically significant effect of the pharmacological
treatment of increased vascular risk. Although we ac-
knowledge that a larger study might have yielded other
results, it could still be questioned whether the effect of
the treatment would be clinically relevant. The estimated
difference in cognitive performance between the treat-
ment and control group that we found in our study was
0.08–0.14 z-score (treatment worse than control). This
corresponded to a difference of 2–4 points on the RFFT
and 0.2–0.3 points on the VAT. At the same time, it is
known that in the general population, the average de-
crease in RFFT score amounts to 4 points per 5 years of
age [21]. Thus, a change of 2–4 points in the RFFT score
corresponds to an age-related change that on average,
develops over the course of 5 to 10 years. Similarly, the
study of Lindeboom et al. described that there is at least
a difference of 4 points in VAT score between normal
subjects and subjects with dementia [22]. Therefore, in
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our opinion, for both tests, these differences are far
below the threshold of clinical relevance. Even if the dif-
ferences between the treatment and control group would
be statistically significant in a (much) larger study, they
would still lack a clinical impact.
Although our study had several limitations, there are

also various strengths. Our study population was selected
from a large community-based cohort and included many
middle-aged and old persons in contrast to the FINGER,
preDIVA and MAPT trials who selected only old persons
with a high risk of cognitive impairment [9–11]. In
addition, our study only investigated the association of
pharmacological treatment of increased vascular risk with
cognitive performance and did not include other types of
intervention like cognitive training [9–11].

Conclusion
In conclusion, in this large community-based study, the
change in cognitive performance during a follow-up
period of nearly 6 years was similar in the treatment and
control group. This suggests that pharmacological treat-
ment of increased vascular risk preserves cognitive
performance.
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