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OBJECTIVES: To investigate the development of vascular
risk factor levels at four points over 15 years in relation to
late-life cognitive functioning.

DESIGN: Longitudinal population-based study.

SETTING: The Hoorn Study, a community-based cohort
study of glucose metabolism and cardiovascular risk.

PARTICIPANTS: Three hundred eighty individuals with-
out dementia (mean baseline age 57.7 ± 5.5).

MEASUREMENTS: Four extensive medical examinations
were conducted over 15 years. Cognition was assessed in
detail at the fourth examination. The time course of vascu-
lar risk factors across the examinations was compared
between individuals in the highest tertile (good perfor-
mance) and those in the lowest tertile (poor performance)
of cognitive functioning on three cognitive domains (mem-
ory, information processing speed, and attention and
executive functioning (A&EF)).

RESULTS: Individuals with poor information processing
speed had higher levels of systolic blood pressure at base-
line (mean difference (standard error) 11.6 (2.6) mmHg,
P < .001) than those with good information processing
speed. Individuals with poor A&EF had a higher waist:hip
ratio (3.03 (1.15), P = .009), glycosylated hemoglobin
(0.29% (0.10%), P = .005) and total cholesterol:high-
density lipoprotein cholesterol ratio (0.38 (0.19), P = .04)
at baseline than individuals with good A&EF, although
the differences in vascular risk factor levels between the
poor and good cognition group diminished with increasing
age.

CONCLUSION: High blood pressure, adiposity, hyper-
cholesterolemia, and hyperglycemia at midlife are associ-
ated with late-life cognitive dysfunction, but for most risk
factors, this relationship gradually attenuates with increas-
ing age. These results suggest that timing of vascular treat-
ment strategies to prevent cognitive impairment is critical.
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The relationship between cardiovascular risk factors
and cognitive decline in older individuals is increas-

ingly being recognized. Several longitudinal population-
based studies have shown that midlife obesity and midlife
hypertension are associated with risk of dementia later in
life.1,2 In contrast, studies on these risk factors in older
populations did not observe these associations or even
found reverse associations with cognitive dysfunction3,4

(for review5). The complex interplay between age, dura-
tion of exposure, selective survival, and changes in risk
factor levels over time may explain this. Risk factors such
as blood pressure (BP) and body weight tend to rise in
middle age but decrease in very old age.6,7 In addition, the
levels of vascular risk factors may change during the
dementia process well before dementia becomes clinically
manifest.8–10 To further unravel the relationship between
vascular risk factors, age, and cognition, longitudinal stud-
ies that assess vascular risk factors over multiple time
points between midlife and late life are necessary.

Obesity, hypertension, hypercholesterolemia, and
impaired glucose metabolism are well-known risk factors
for dementia, whereas less is known about the association
with milder decrements in late-life cognitive functioning.11

More insight into risk factors for these milder cognitive
decrements is needed, because treatment to prevent
impaired cognitive functioning may be most effective in
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early stages. The current study investigated vascular risk
factor levels at four time points over 15 years in relation
to cognition in older individuals without dementia. Cogni-
tive functioning was assessed in detail, addressing cognitive
domains particularly sensitive to cognitive decline in the
context of cardiovascular disease.

METHODS

Study Population

The Hoorn study is a population-based study of glucose
metabolism and cardiovascular risk in the general popula-
tion. The population and study design have been described
elsewhere.12 The study started in 1989 and included 2,484
randomly selected Caucasian participants aged 50 to 75
from the middle-sized Dutch town of Hoorn (T1). From
1996 to 1998 (T2), all surviving participants (n = 2,086)
were invited for a second examination, to which 1,513
(73%) agreed.13 In the 2000/2001 follow-up examination
(T3), 1,074 individuals from the Hoorn Study cohort,
including all those who were diagnosed as having type 2
diabetes mellitus in 1996 (n = 176) and random samples
of individuals with normal (n = 705) and impaired
(n = 193) glucose metabolism, were invited, of whom 647
(60%) participated.14 The fourth examination took place
from 2005 to 2008 (T4). After excluding persons who had
died (n = 86) or could not be contacted (n = 35) the
remaining 526 participants were invited, of whom 385
(73%) agreed to participate. Reasons for not participating
were lack of interest (43%), physical comorbidity (23%),
old age (16%), dementia (6%), and miscellaneous reasons
(12%). All 385 participants were living independently at
home, and none had known dementia (self-report). Cogni-
tive functioning was first assessed at the fourth examina-
tion. For the present study, participants with an unreliable
assessment of cognitive functioning (e.g., deafness, lan-
guage difficulties; n = 5) were excluded. The mean follow-
up time from baseline was 15.3 ± 1.2 years.

The medical ethics committee of the VU University
Medical Center approved the Hoorn Study. All partici-
pants provided written informed consent according to the
Declaration of Helsinki.

Clinical Assessment

A standardized clinical assessment was performed at all four
examinations. Weight (kg) and height (cm) were measured
with participants wearing light clothes. Waist:hip ratio
(WHR) was defined as waist circumference (cm) divided by
hip circumference (cm). BP (mmHg) was measured in the
right arm while participants were seated. Systolic (SBP) and
diastolic BP (DBP) were calculated as the mean of duplicate
measurements. Glycosylated hemoglobin (HbA1c, %), fast-
ing glucose concentration, triglycerides, total cholesterol,
and low- (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) were determined from fasting blood samples. In
addition, 2-hour postload glucose concentration after a 75-g
oral glucose tolerance test were obtained. In participants
already known to have diabetes mellitus, only a fasting
blood sample was taken. Diabetes mellitus was defined
according to World Health Organization criteria.15

All blood samples were analyzed at the clinical chem-
istry laboratory of the VU University Medical Center.

Self-reported information on participants’ current use
of medications, medical history, and smoking status was
obtained using a standardized questionnaire. A history of
cardiovascular disease was defined as self-reported inter-
mittent claudication, angina pectoris, or possible myocar-
dial infarction, assessed using the Rose questionnaire,16 or
a history of stroke or transient ischemic attack.

Cognitive Assessment

At the last examination, all participants underwent a stan-
dardized neuropsychological examination including 12 ver-
bal and nonverbal tasks administered in a fixed order. The
tasks were divided into six cognitive domains. The present
study focused on the cognitive domains that have been
shown to be particularly affected in individuals with vas-
cular risk factors (memory, information processing speed,
and attention and executive functioning).11 The domain
memory included test for four subdomains. Working mem-
ory was assessed according to the forward and backward
digit span of the Wechsler Adult Intelligence Scale-III
(WAIS-III) and the Corsi Block-Tapping Task. Immediate
memory and learning rate included verbal memory
assessed according to the Rey Auditory Verbal Learning
Test and visual memory assessed using the Location Learn-
ing Test. Forgetting rate was assessed according to the
delayed recall of the Rey Auditory Verbal Learning Test
and of the Location Learning Test. Incidental memory was
assessed according to the delayed trial of the modified
Taylor Complex Figure. The domain information process-
ing speed (IPS) was assessed according to the Trail Mak-
ing Test Part A, the Stroop Color-Word Test Parts I and
II, and the subtest Digit Symbol of the WAIS-III. The
domain attention and executive function (A&EF) was
assessed according to the Trail Making Test Part B, the
Stroop Color-Word Test Part III, the Brixton Spatial Antic-
ipation Test, a letter fluency test using “N” and “A,” and
category fluency using animal names.

Raw test scores were standardized into z-scores. Test
scores were averaged per domain to obtain domain scores.
Because the goal was to identify people whose performance
was lower than expected according to their age, estimated
intelligence quotient (IQ), and sex, z-scores were adjusted on
an individual basis for age, sex, and estimated IQ based on
the regression coefficients derived from the whole study pop-
ulation: Individual (ind) cognitive z-score = mean cognitive
z-score + (Bage 9 (indage � meanage)) + Bsex 9 (indsex �
meansex) + BIQ9(indIQ � meanIQ).

Depressive symptoms were assessed using the vali-
dated Dutch version of the 20-item Center for Epidemio-
logic Studies Depression Scale (CES-D).17 The total score
(range 0–60) and the proportion of persons scoring 16 or
greater (indicating potentially clinically relevant depressive
symptoms) were recorded.

Statistical Analyses

Between-group differences in population characteristics
were analyzed using an independent T-test for continuous
variables and chi-square test for proportions.
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For the primary analyses, the study population was
divided in tertiles, based on age-, sex-, and estimated IQ-
adjusted cognitive z-scores, representing groups with poor
(lowest tertile), average (middle tertile), and good (highest
tertile) performance. This was done for each individual
domain. Linear mixed models were used to compare the
time-course of vascular risk factors over the four examina-
tions in participants with poor and good cognitive func-
tioning. To map the trajectory of risk factor levels for
both groups, risk factors were entered as dependent vari-
ables, and group (good vs poor cognition) was entered as
an independent variable. To increase between-group con-
trast, the middle tertile was not considered in these pri-
mary analyses. The strength of linear mixed models is that
they use all available data during follow-up, account for
correlations between repeated measurements, and allow
for the use of time-dependent and time-independent cova-
riates.18 A limitation of the model is that it does not allow
for dichotomous variables to be entered as dependent vari-
ables (e.g., hypertension). The model estimates effects of
group, time, and group by time interactions. The estimate
for group reflects the difference in vascular risk factors at
baseline. The estimate for time reflects the average change
in vascular risk factors per time interval. The group by
time interaction reflects the additional increase or decrease
in vascular risk factors for participants with poor and
good cognitive performance.

Age, sex, and in subsequent models, depression score
and a history of cardiovascular disease were entered as co-
variates. Because individuals with type 2 diabetes mellitus
were oversampled during the 2000/2001 measurement,14

the analyses were repeated stratified for the presence of
diabetes mellitus at T4.

For several risk factors, multiple markers were collected
(e.g., for obesity, WHR, waist circumference, and body
mass index (BMI)). To reduce the number of analyses, only
one marker for each of the following risk factors was
selected for the primary analyses, based on previous litera-
ture: SBP for hypertension,6 WHR for obesity,19 total
cholesterol:HDL-C ratio for hypercholesterolemia,20 and
HbA1c for hyperglycemia.21 If levels for these markers were
significantly different between individuals with poor and
good cognitive functioning, further analyses for other mark-
ers of the risk factor concerned were performed to determine
whether the effects were consistent across markers. Medica-
tion use was entered as a covariate in these secondary analy-
ses. Finally, to facilitate comparison with previous studies,
the odds ratio of poor late-life cognition was also calculated
per standard deviation increase in risk factor levels at base-
line (T1) and at the final assessment (T4) using logistic
regression analyses, adjusted for age and sex.

RESULTS

Table 1 shows the baseline characteristics of those who
did and did not participate at the fourth examination,
when cognition was assessed. Those participating at T4
were younger at baseline (57.7 ± 5.5 vs 62.4 ± 7.4,
P < .001) and more likely to be female (55% vs 49%;
v2 = 0.4) than nonparticipants. After adjustment for age,
participants at T4 did not differ significantly from nonpar-
ticipants in their vascular risk factor profile at baseline.

At the moment of cognitive testing, participants were
on average aged 73.0 ± 5.8 and functionally independent.
Raw cognitive test scores of participants with poor and
good cognitive functioning are presented in Table 2. The
mean between-group difference in cognitive functioning on
each cognitive domain was on average 1.5 standard devia-
tion units (Table 3).

Results Linear Mixed Models

Table 4 and Figure 1 show the levels of vascular risk fac-
tors across the four examinations for participants with
poor (lowest tertile) and good (highest tertile) cognition
for each cognitive domain.

An overall effect of time was observed for all risk fac-
tors (P < .001). Most risk factors increased over time,
except for total cholesterol:HDL-C ratio, which decreased
significantly over time.

SBP was higher at baseline for participants with poor
than good IPS (estimated mean difference (SE) 11.6 (2.6),
P < .001). A group by time interaction effect was observed

Table 1. Baseline Characteristics of Participants and
Nonparticipants

Characteristic

Participants at

T4, n = 380

Nonparticipants,

n = 2,104

Age, mean ± SD 57.7 ± 5.5 62.5 ± 7.4
Male, n (%) 194 (51) 946 (45)
Estimated intelligence
quotient,
mean ± SDa

97.9 ± 13.1

Systolic BP, mmHg,
mean ± SD

130.2 ± 16.8 136.3 ± 20.5

Diastolic BP, mmHg,
mean ± SD

81.7 ± 9.8 82.2 ± 10.5

Antihyperintensive
medication, n (%)

40 (10.5) 460 (22)

Body mass index, kg/m2,
mean ± SD

26.2 ± 2.9 26.6 ± 3.7

Waist:hip ratio,
mean ± SD

0.9 ± 0.1 0.9 ± 0.1

Total cholesterol, mmol/L,
mean ± SD

6.6 ± 1.2 6.8 ± 1.2

High-density lipoprotein
cholesterol, mmol/L,
mean ± SD

1.3 ± 0.4 1.3 ± 0.4

Low-density lipoprotein
cholesterol, mmol/L,
mean ± SD

4.5 ± 1.1 4.6 ± 1.1

Triglycerides, mmol/L,
mean ± SD

1.6 ± 1.2 1.6 ± 1.0

Lipid lowering
medication

7 (1.8) 27 (1.3)

Glycosylated hemoglobin,
%, mean ± SD

5.4 ± 0.8 5.5 ± 0.9

Fasting glucose, mmol/L,
mean ± SD

5.7 ± 1.4 5.8 ± 1.6

Diabetes mellitus, n (%) 31 (8.2) 224 (10.6)
History of cardiovascular
disease, n (%)

30 (7.9) 265 (12.6)

Current smoker, n (%) 93 (24.5) 680 (32)

SD = standard deviation; BP = blood pressure.
a Assessed at T4 (2005–2008).
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on the domains IPS (�3.1 (0.8), P < .001) and memory
(�2.4 (0.8), P = .002), indicating less increase in SBP over
time in the poor cognition group.

WHR was significantly higher at baseline for partici-
pants with poor A&EF than in those with good A&EF (3.03
(1.15), P = .009), but this group showed less increase in
WHR over time (group by time:�0.44 (0.22), P = .04).

Total cholesterol:HDL-C ratio was higher at baseline
for participants with poor A&EF than in those with good

A&EF (0.38 (0.19), P = .04). A trend was observed for
the group by time interaction effect (�0.10 (0.05),
P = .06), showing a slightly faster decrease in cholesterol:
HDL-C ratio over time in the poor cognition group, result-
ing in comparable values at the follow-up measurements.

HbA1c levels were higher at baseline for participants
with poor A&EF than in those with good A&EF (0.29
(0.10), P = .005), but no group by time interaction effect
was observed, indicating that the group difference in
HbA1c levels was relatively stable over time.

Additional adjustment for depression or exclusion of
participants with self-reported stroke at T4 (n = 27) and
stratification for diabetes mellitus did not modify the
results.

Mediating Factors and Other Markers of Vascular risk

Secondary analyses (Table S1) were performed on the risk
factors that were significantly related to cognitive perfor-
mance in the primary analyses presented in Table 4.

Blood Pressure

The relationship between SBP and cognitive performance on
IPS and memory did not change notably after adjustment
for the use of antihypertensive medication or for the other
three vascular risk factors (WHR, cholesterol:HDL-C ratio,

Table 2. Raw Cognitive Test Scores for Individuals in the Lowest and Highest Tertiles of Cognitive Functioning

Mean ± Standard Deviation

Test Range Poor Cognition (Lowest Tertile) Good Cognition (Highest Tertile)

Information processing speed
Trail-Making Test Part A, secondsa 20–161 65.5 ± 25.3 38.0 ± 9.4
Stroop Color Word Test I, secondsa 32–133 54.0 ± 12.7 44.0 ± 6.1
Stroop Color Word Test II, secondsa 39–137 73.2 ± 17.0 56.7 ± 8.0
Symbol substitution test 18–94 42.0 ± 11.4 62.2 ± 12.7

Attention and executive functioning
Trail-Making Test Part B, secondsa 41–407 161.1 ± 81.7 101.6 ± 45.2
Stroop Color Word Test III, secondsa 50–467 158.2 ± 71.2 107.6 ± 26.4
Brixton Spatial Anticipation test, errorsa 7–47 26.3 ± 7.3 17.1 ± 5.3
Letter fluency, N+A, mean 2–24 8.5 ± 3.5 13.1 ± 3.8
Category fluency, numbers of animals 8–63 27.4 ± 8.0 35.1 ± 8.1

Memory
Working memory
Wechsler adult intelligence scale-III digit span, product score

Forward 12–126 40.5 ± 17.1 50.1 ± 21.2
Backward 4–104 20.9 ± 12.7 28.9 ± 18.0

Corsi block-tapping test, product score
Forward 9–96 34.7 ± 10.4 42.2 ± 13.9
Backward 2–88 28.9 ± 14.9 41.2 ± 15.5

Immediate memory and learning rate
RALVT total trials 1–5, words 5–61 33.2 ± 9.7 38.8 ± 10.3
LLT total trials 1–5, errorsa 0–163 45.5 ± 27.8 20.5 ± 19.7

Forgetting rate
RAVLT delay, words 0–15 5.4 ± 2.8 8.4 ± 3.1
LLT delay, errorsa 0–33 7.2 ± 6.9 1.4 ± 2.9
RAVLT recognition, words 0–30 26.9 ± 3.0 28.4 ± 3.1

Incidental memory
Rey complex figure test delay, points 0–30 10.8 ± 5.1 18.8 ± 5.7

RAVLT = Rey Auditory Verbal Learning Test; LLT = location learning test.

The division in tertiles is made for each cognitive domain separately after correcting individual scores for age, sex, and estimated intelligence quotient.
a Higher scores indicate worse performance.

Table 3. Mean Standardized Z-Scores According to
Cognitive Domain for Participants with Poor and Good
Cognitive Functioning

Mean ± Standard Deviation

Cognitive

Domain

Poor Cognition

(Lowest Tertile)

Good Cognition

(Highest Tertile)

Information
processing speed

�0.78 ± 1.04 0.75 ± 0.60

Attention and
executive
functioning

�0.85 ± 1.08 0.74 ± 0.51

Memory �0.89 ± 0.68 0.99 ± 0.68

Group division (highest vs lowest tertile) was made after correcting indi-

vidual scores for age, sex, and estimated intelligence quotient.
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and HbA1c) (data not shown). For DBP and pulse pressure,
the relationship with IPS and memory was similar to that
with SBP (DBP: IPS: group: 4.60 (1.50), P = .002; group by
time: �1.27 (0.44), P = .004; memory: group by time:
�0.95 (0.45), P = .04; pulse pressure: IPS: group: 6.79
(2.17), P < .001; group by time: �1.82 (0.67), P = .007;
memory: group by time: �1.57 (0.69), P = .02) (Table S1).

Obesity

The relationship between WHR and performance on
A&EF was only slightly attenuated after adjustment for
the other three vascular risk factors (SBP, cholesterol:
HDL-C ratio, and HbA1c) (group: 2.45 (0.93), P < .01;
group by time: �0.40 (0.22), P = .07). BMI was not sig-
nificantly related to A&EF (group: 0.74 (0.45), P = .10;
group by time: �0.04 (0.08), P = .65).

Hypercholesterolemia

The relationship between total cholesterol:HDL-C ratio
and performance on A&EF became stronger after adjust-
ment for lipid-lowering medication (group: 0.50 (0.19),
P = .009; group by time: �0.13 (0.05), P = .004). The
group effect at baseline was attenuated after adjustment
for the other three vascular risk factors (SBP, WHR,
HbA1c) (group: 0.28 (0.19), P = .13), but the group by
time interaction effect remained statistically significant
(�0.10 (0.05), P = .04). HDL levels were also significantly
lower at baseline in individuals with poor A&EF (Group:
�0.11 (0.05), P = .02), but no group by time interaction
effect was observed. No relationship was found between
total cholesterol, LDL-C, or triglyceride levels and perfor-
mance on A&EF (Table S1).
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Figure 1. Time course of vascular risk factors across the four examinations for individuals with poor and good late-life cognitive
functioning. Participants with poor cognitive functioning at the final examination are represented by solid lines and participants
with good cognitive functioning by dashed lines. The figure shows the time course for each risk factor (rows) for each cognitive
domain (column). Data are estimated means (standard errors) according to adjusted linear mixed models. Significant group
differences in vascular risk factor levels were observed (Table 1), although absolute values were modest. The mean age of the
population was 57.7 ± 5.5 at baseline, and 73.0 ± 5.8 at follow-up.
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Hyperglycemia

The relationship between HbA1c level and performance on
A&EF did not change notably after adjustment for the use
of glucose-lowering medication (data not shown). The
relationship was slightly attenuated after adjustment for
the other three vascular risk factors (SBP, WHR, total cho-
lesterol:HDL-C ratio) but remained statistically significant
(group: 0.23 (0.10), P = .02). The same relationship with
performance on A&EF was found for fasting glucose levels
(group: 0.50 (0.17), P = .004) but not for postload glucose
levels (0.62 (0.41), P = .13) (Table S1).

Results Logistic Regression Analyses

To facilitate comparison with previous studies, the odds
ratio of poor cognition was also calculated for hyperten-
sion at T1 and T4 and according to standard deviation
increase in risk factors at T1 and T4. Overall, results were
consistent with those of linear mixed models (Table S2).
At T1, hypertension was associated with a 2.20 (95% con-
fidence interval (CI) = 1.40–3.45, P < .001) greater risk of
poor IPS and a 1.61 (95% CI = 1.03–2.49, P = .04)
greater risk of poor A&EF. This association was not pres-
ent at T4 (IPS: 1.05, 95% CI = 0.62–1.78; A&EF: 1.05,
95% CI = 0.62–1.77). By contrast, at T4, hypertension
was associated with a lower risk of poor memory (0.57,
95% CI = 0.34–0.95, P = .03).

DISCUSSION

In this population of individuals without dementia, the
15-year time-course of SBP, WHR, total cholesterol:
HDL-C ratio, and HbA1c level was different for people

with good and poor cognitive performance. Moreover, a
clear interaction with age was observed for SBP and
WHR.

The present study addressed the variance in cognitive
functioning in independently living older individuals.
Although none of the participants had known dementia,
there was a wide range in cognitive performance across
the whole study population (Table 2). By contrasting the
highest with the lowest tertile, individuals with good cog-
nitive performance were compared with a group that
included individuals with mild to severe cognitive deficits.
Including these mild stages of cognitive dysfunction as an
outcome measure when examining risk factors is relevant,
because treatment benefits are expected to be largest when
the underlying brain damage is still modest. Moreover,
even in individuals who do not progress to dementia, cog-
nitive dysfunction can lead to complaints and functional
consequences.22,23

SBP levels were higher at midlife for individuals with
poor IPS but became comparable with those of the good
performance group with increasing age. This pattern was
also observed for DBP and pulse pressure. These results
extend earlier findings demonstrating a positive association
between BP and IPS at midlife24–26 but not at late life.25,27

At the last assessment, the relationship between BP and
cognitive performance was reversed for memory. This
reverse association has previously been reported in older
age groups and may be linked to processes in the years
preceding the development of dementia.3,9,10,28 The rela-
tionship between SBP and cognitive performance remained
evident after adjustment for antihypertensive treatment,
although the analysis strategy used in the present study
does not permit assessment of the effects of hypertensive
treatment as such.

Table 4. Vascular Risk Factors over Time (1989–2008) for Participants with Poor and Good Cognitive Function-
ing for Each Cognitive Domain

Cognitive Domain

Estimate (Standard Error)

Baseline Group Difference Change over Time (per 5 Years) Group by Time Interaction

Information processing speed
SBP, mmHg 11.60 (2.63)c 6.34 (0.54)c �3.10 (0.76)c

WHR, 9100 0.35 (0.90) 1.52 (0.14)c 0.12 (0.20)
Total cholesterol: HDL-C ratio 0.12 (0.19) �0.50 (0.04)c �0.08 (0.05)
HbA1c, % 0.008 (0.10) 0.07 (0.02)c 0.04 (0.03)

Attention and executive functioning
SBP, mmHg 2.98 (2.65) 4.94 (0.53)c �0.09 (0.76)
WHR, 9 100 3.03 (1.15)b 2.00 (0.15)c �0.44 (0.22)a

Total cholesterol:HDL-C ratio 0.38 (0.19)a �0.50 (0.04)c �0.10 (0.05)
HbA1c, % 0.29 (0.10)b 0.08 (0.02)c �0.008 (0.03)

Memory
SBP, mmHg 5.04 (2.77) 6.26 (0.56)c �2.44 (0.79)b

WHR, 9 100 �1.02 (0.90) 1.63 (0.15)c 0.13 (0.21)
Total cholesterol:HDL-C ratio 0.03 (0.18) �0.49 (0.03)b �0.02 (0.05)
HbA1c, % �0.08 (0.09) 0.08 (0.02)c 0.02 (0.02)

SBP = systolic blood pressure; WHR = waist:hip ratio; HDL-C = high-density lipoprotein cholesterol; HbA1c = glycosylated hemoglobin.

Data are adjusted estimated form linear mixed models.

For each cognitive domain, vascular risk factor levels in the highest tertile of cognitive functioning (good cognition) were compared with those in the low-

est tertile (poor cognition). Group division (highest vs lowest tertile) was made after correcting individual scores for age, sex, and estimated intelligence

quotient; the highest tertile (good cognition) was used as the reference.

P < a05, b.01, c.001.
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A similar age-dependent association was observed for
WHR. The relationship between high midlife WHR and
poor cognitive functioning was attenuated with increasing
age. Only a few previous longitudinal studies have exam-
ined the effects of adiposity on cognitive functioning in
individuals without dementia.29–31 Two of these studies
confirmed the association between higher BMI during mid-
dle age and worse cognitive functioning 5 to 8 years later
but provided no information on this association during
late life.29,30 One study showed that weight gain and
weight loss were both associated with higher risk of poor
cognitive functioning and that weight loss was more com-
mon in individuals aged 75 and older.31 In the present
study, WHR, but not BMI, was related to cognitive func-
tioning. Similar results were observed in a large popula-
tion-based study in Sweden, which also identified midlife
WHR as the best predictor of late life dementia, among
other measures of adiposity.19 The finding that abdominal
adiposity in particular plays an important role in
the development of cardiovascular disease may explain
this.32

Poor cognitive performance was also associated with a
higher total cholesterol:HDL-C ratio at baseline, especially
after adjustment for lipid-lowering medication. The rela-
tionship between total cholesterol/HDL-C ratio and cogni-
tive dysfunction was modulated after adjustment for other
vascular risk factors. Lower HDL-C rather than higher
total cholesterol in the poor cognition group explained the
higher total cholesterol:HDL-C ratio. Observational stud-
ies have demonstrated an association between the use of
statins and lower risk of late-life cognitive decline,33,34

but this has not been confirmed in randomized controlled
trials.

The relationship between measures of hyperglycemia
and cognitive performance did not change with increasing
age; higher HbA1c and fasting glucose levels were associ-
ated with worse cognitive function across all measure-
ments. This is in line with cross-sectional studies showing
an association between hyperglycemia and worse cognitive
performance or dementia in different age groups.35,36

Apparently, glucose dysmetabolism is a predictor of cogni-
tive dysfunction also in older individuals.

Vascular risk factors frequently co-occur. Neverthe-
less, the observed relationships between individual risk fac-
tors and cognitive performance in the present study were
largely independent of one another. Moreover, the cogni-
tive domains involved varied across risk factors. This may
indicate that different vascular risk factors affect the brain,
at least in part, through different mechanisms. Hyperglyce-
mia, for example, may not only cause vascular damage,
but could also have direct toxic effects on neurons.37

Moreover, hyperglycemia is a marker of insulin resistance,
and abnormal insulin homeostasis may in itself adversely
affect the brain.38 Similarly, the relationship between
hypertension and cognitive dysfunction could involve dis-
turbances of the brain renin–angiotensin system,39 and adi-
posity could lead to altered secretion of hormones from
adipose tissue, which in turn can influence synaptic activity
and plasticity.40

Because of the long follow-up period and the inten-
sive character of the study, substantial attrition of this
elderly population has occurred. The response rate at

each examination was between 60% and 70%. At the
third examination, stratified samples of the original
cohort were invited to participate. Part of the study pop-
ulation was thus excluded on purpose, not because of a
nonwillingness to participate. Nevertheless, selection bias
may have led to a homogeneous sample. Previous
reports on the Hoorn Study population have shown that
cardiovascular mortality was associated with an unfavor-
able risk factor profile at baseline.41,42 Also, individuals
with severe cognitive impairment are less likely to partic-
ipate, which may have led to an underestimation of the
effect. Moreover, individuals with diabetes mellitus and
impaired glucose metabolism were oversampled in this
population. Although results remained similar after
excluding individuals with diabetes mellitus, this should
be considered when interpreting the results. Despite these
limitations, an association was still observed between
vascular risk factors and cognition, indicating that even
mild variations in vascular risk factor levels are related
to worse cognitive function. The division between good
and poor cognitive performance was based on the vari-
ance in the whole study population and not on clinically
defined cutoff points, which allowed the relationship
with mild cognitive decrements to be examined. Finally,
cognition was assessed only once, so it was not possi-
ble to determine which individuals showed cognitive
decline.

Strengths of this study are the detailed recording of
vascular and metabolic determinants at multiple time
points over a long follow-up period in a well-defined
population-based cohort and the comprehensive assess-
ment of cognitive functioning including cognitive domains
sensitive to cognitive decline in the context of cardiovascu-
lar disease. This allowed the time course of vascular risk
factors between midlife and late life to be mapped in rela-
tion to more-subtle cognitive deficits.

In conclusion, high BP, adiposity, hypercholesterol-
emia, and hyperglycemia at middle age are associated with
late-life cognitive dysfunction even in individuals without
dementia, although except for measures of hyperglycemia,
this relationship gradually attenuates with increasing age.
Future studies should determine whether a certain window
exists in which treatment of these risk factors may protect
the brain. Better understanding of the complex relationship
between risk factors, age, duration of exposure, and brain
function will help to optimize such prevention and treat-
ment regimes.

ACKNOWLEDGMENTS

The authors thank J. B. Bosman, C. M. Boukens, M.
Damsma, K. van den Hurk, E. Krijgsman-van
Hartingsveld, M. G. M. Swart, and M. C. M. van
Wakeren-Kreijmborg for their skilled performance in the
organization and fulfilment of data collection at follow-up.

Conflict of Interest: GJB consults and receives research
support from a manufacturer of glucose lowering drugs,
Boehringer Ingelheim.

Financial Disclosure: This work was supported by
Grant 2003.01.004 from the Dutch Diabetes Research
Foundation. The research of G. J. Biessels is supported by
a high potential grant from Utrecht University.

1432 REIJMER ET AL. AUGUST 2012–VOL. 60, NO. 8 JAGS

 15325415, 2012, 8, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/j.1532-5415.2012.04081.x by E

rasm
us U

niversity R
otterdam

 U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [16/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Author Contributions: YDR acquired data, wrote the
manuscript, and performed the analysis. EvdB acquired
data and critically revised the manuscript. JMD, GN,
CDAS, LJK, and GJB made substantial contributions to
conception and design of the study and critically revised
the manuscript for important intellectual content. All
authors gave final approval of the version to be published
and agreed to be listed as authors.

Sponsor’s Role: None.

REFERENCES

1. Whitmer RA, Sidney S, Selby J et al. Midlife cardiovascular risk factors

and risk of dementia in late life. Neurology 2005;64:277–281.
2. Yaffe K, Weston AL, Blackwell T et al. The metabolic syndrome and devel-

opment of cognitive impairment among older women. Arch Neurol

2009;66:324–328.
3. Skoog I, Lernfelt B, Landahl S et al. 15-year longitudinal study of blood

pressure and dementia. Lancet 1996;347:1141–1145.
4. Fitzpatrick AL, Kuller LH, Lopez OL et al. Midlife and late-life obesity

and the risk of dementia: Cardiovascular Health Study. Arch Neurol

2009;66:336–342.
5. Kloppenborg RP, van den Berg E, Kappelle LJ et al. Diabetes and other

vascular risk factors for dementia: Which factor matters most? A systematic

review. Eur J Pharmacol 2008;585:97–108.
6. Stewart R, Xue QL, Masaki K et al. Change in blood pressure and incident

dementia: A 32-year prospective study. Hypertension 2009;54:233–240.
7. Newman AB, Yanez D, Harris T et al. Weight change in old age and its

association with mortality. J Am Geriatr Soc 2001;49:1309–1318.
8. Gustafson D. A life course of adiposity and dementia. Eur J Pharmacol

2008;585:163–175.
9. Qiu C, von Strauss E, Winblad B et al. Decline in blood pressure over time

and risk of dementia: A longitudinal study from the Kungsholmen project.

Stroke 2004;35:1810–1815.
10. Van Vliet P, Westendorp RGJ, Van Heemst D et al. Cognitive decline pre-

cedes late-life longitudinal changes in vascular risk factors. J Neurol Neuro-

surg Psychiatry 2010;81:1028–1032.
11. Van den Berg E, Kloppenborg RP, Kessels RP et al. Type 2 diabetes mel-

litus, hypertension, dyslipidemia and obesity: A systematic comparison of

their impact on cognition. Biochim Biophys Acta 2009;1792:470–481.
12. Mooy JM, Grootenhuis PA, de Vries H et al. Prevalence and determinants

of glucose intolerance in a Dutch Caucasian population. The Hoorn Study.

Diabetes Care 1995;18:1270–1273.
13. de Vegt F, Dekker JM, Ruhe HG et al. Hyperglycaemia is associated with

all-cause and cardiovascular mortality in the Hoorn population: The Hoorn

Study. Diabetologia 1999;42:926–931.
14. Henry RM, Kostense PJ, Spijkerman AM et al. Arterial stiffness increases

with deteriorating glucose tolerance status: The Hoorn Study. Circulation

2003;107:2089–2095.
15. World Health Organization. Definition, Diagnosis and Classification of

Diabetes Mellitus: Report of a WHO Consultation. Geneva, Switzerland:

World Health Organization, 1999.

16. Rose GA, Blackburn H, Gillum RF et al. Cardiovascular survey methods.

World Health Organization—Monograph Series 1982; No. 56.

17. Beekman ATF, Deeg DJH, Van Limbeek J et al. Criterion validity of the

Center for Epidemiologic Studies Depression Scale (CES-D): Results from a

community-based sample of older subjects in the Netherlands. Psychol

Med 1997;27:231–235.
18. Twisk JWR. Applied Longitudinal Data Analysis for Epidemiology, 4th Ed.

Cambridge: Cambridge University Press, 2007.

19. Gustafson DR, Bäckman K, Waern M et al. Adiposity indicators and

dementia over 32 years in Sweden. Neurology 2009;73:1559–1566.
20. Kinosian B, Glick H, Garland G. Cholesterol and coronary heart disease:

Predicting risks by levels and ratios. Ann Intern Med 1994;121:641–647.
21. Selvin E, Steffes MW, Zhu H et al. Glycated hemoglobin, diabetes, and car-

diovascular risk in nondiabetic adults. N Engl J Med 2010;362:800–811.
22. Scanlan JM, Binkin N, Michieletto F et al. Cognitive impairment, chronic

disease burden, and functional disability: A population study of older Ital-

ians. Am J Geriatr Psychiatry 2007;15:716–724.
23. Mehta KM, Yaffe K, Covinsky KE. Cognitive impairment, depressive symp-

toms, and functional decline in older people. J Am Geriatr Soc 2002;50:

1045–1050.

24. Swan GE, DeCarli C, Miller BL et al. Association of midlife blood pressure

to late-life cognitive decline and brain morphology. Neurology 1998;51:

986–993.
25. Waldstein SR, Giggey PP, Thayer JF et al. Nonlinear relations of blood

pressure to cognitive function: The Baltimore Longitudinal Study of Aging.

Hypertension 2005;45:374–379.
26. Knopman DS, Mosley TH, Catellier DJ et al. Fourteen-year longitudinal

study of vascular risk factors, APOE genotype, and cognition: The ARIC

MRI Study. Alzheimers Dement 2009;5:207–214.
27. Hebert LE, Scherr PA, Bennett DA et al. Blood pressure and late-life cogni-

tive function change: A biracial longitudinal population study. Neurology

2004;62:2021–2024.
28. Rastas S, Pirttila T, Mattila K et al. Vascular risk factors and dementia in

the general population aged > 85 years: Prospective population-based

study. Neurobiol Aging 2010;31:1–7.
29. Elias MF, Elias PK, Sullivan LM et al. Lower cognitive function in the

presence of obesity and hypertension: The Framingham Heart Study. Int J

Obes Relat Metab Disord 2003;27:260–268.
30. Cournot M, Marquie JC, Ansiau D et al. Relation between body mass

index and cognitive function in healthy middle-aged men and women. Neu-

rology 2006;67:1208–1214.
31. Brubacher D, Monsch AU, Stahelin HB. Weight change and cognitive per-

formance. Int J Obes Relat Metab Disord 2004;28:1163–1167.
32. Rexrode KM, Carey VJ, Hennekens CH et al. Abdominal adiposity and

coronary heart disease in women. JAMA 1998;280:1843–1848.
33. Bernick C, Katz R, Smith NL et al. Statins and cognitive function in the

elderly: The Cardiovascular Health Study. Neurology 2005;65:1388–1394.
34. Solomon A, Kareholt I, Ngandu T et al. Serum total cholesterol, statins

and cognition in non-demented elderly. Neurobiol Aging 2009;30:1006–
1009.

35. Young SE, Mainous AG III, Carnemolla M. Hyperinsulinemia and cogni-

tive decline in a middle-aged cohort. Diabetes Care 2006;29:2688–2693.
36. Abbatecola AM, Paolisso G, Lamponi M et al. Insulin resistance and exec-

utive dysfunction in older persons. J Am Geriatr Soc 2004;52:1713–1718.
37. Gispen WH, Biessels GJ. Cognition and synaptic plasticity in diabetes mell-

itus. Trends Neurosci 2000;23:542–549.
38. Craft S, Watson GS. Insulin and neurodegenerative disease: Shared and

specific mechanisms. Lancet Neurol 2004;3:169–178.
39. Kehoe PG, Miners S, Love S. Angiotensins in Alzheimer’s disease—friend

or foe? Trends Neurosci 2009;32:619–628.
40. Gomez-Pinilla F. Brain foods: The effects of nutrients on brain function.

Nat Rev Neurosci 2008;9:568–578.
41. de Mutsert R, Snijder MB, van der Sman-de Beer F et al. Association

between body mass index and mortality is similar in the hemodialysis pop-

ulation and the general population at high age and equal duration of fol-

low-up. J Am Soc Nephrol 2007;18:967–974.
42. Rijkelijkhuizen JM, Nijpels G, Heine RJ et al. High risk of cardiovascu-

lar mortality in individuals with impaired fasting glucose is explained by

conversion to diabetes: The Hoorn Study. Diabetes Care 2007;30:

332–336.

SUPPORTING INFORMATION
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online version of this article:

Table S1. Vascular risk factors over time (1989–
2008), for participants with “poor” versus “good” cogni-
tive functioning for each cognitive domain.

Table S2. Complementary analyses on the risk of
“poor” late-life cognition per SD increase in vascular risk
factors at T1 (1989) and T4 (2005–2008).
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