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Abstract

Background Type 2 diabetes mellitus (T2DM) is associated with mild
decrements in cognitive functioning, but the relation of these decrements to
metabolic and vascular risk factors is unclear. The present study compared
the vascular risk factor profile over the preceding 16 years between T2DM
patients with good cognitive functioning and those with poor cognitive
functioning.

Methods The Hoorn study is a population-based cohort study on
glucose metabolism and vascular disease initiated in 1989, with follow-
up examinations in 1996–1998, 2000–2001 and 2005–2007. Cognitive
functioning was assessed in 2005–2007. Patients who developed T2DM
between 1989 and 2000–2001 (n = 64) were divided in tertiles (lowest
tertile= ‘poor cognition’, highest tertile = ‘good cognition’) according to a
sum score for performance across cognitive domains (SUM) and the domain
score for information-processing speed (IPS). The time course of vascular risk
factors from 1989 to 2005–2007 was compared between these tertiles with
linear mixed models adjusted for age, sex and estimated IQ.

Results Present levels (2005–2007) of vascular risk factors did not differ
between patients with relatively poor or good cognition. However, patients
with poor cognition had a 14–18 mmHg higher systolic blood pressure in
1989 than patients with good cognition. There were no differences in lipid
profile and body weight at any time during the study between the groups. For
IPS the T2DM patients with poor cognition even had a lower baseline HbA1c

level than patients with good cognition.

Conclusions Cognitive dysfunction in T2DM is related to the cumulative
effects of long-term exposure to hypertension, even in pre-DM stages.
Copyright  2009 John Wiley & Sons, Ltd.

Keywords type 2 diabetes mellitus; cognitive functioning; exposure; blood
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Introduction

Type 2 diabetes mellitus (T2DM) is associated with mild to moderate
decrements in cognitive functioning, mainly in verbal memory, information
processing speed and mental flexibility [1,2], and with an approximately
two-fold increased risk of dementia [3].

Copyright  2009 John Wiley & Sons, Ltd.
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The aetiology of diabetes-associated cognitive dysfunc-
tion is to date largely unclear. Potential risk factors
include diabetes-specific factors, such as hyperglycaemia
[4,5] and microvascular complications [6]. Vascular risk
factors associated with T2DM such as hypertension, dys-
lipidaemia and obesity may also play a role [7,8], possibly
even in pre-diabetic stages [9,10]. Most studies on risk fac-
tors for cognitive dysfunction in patients with T2DM have
a cross-sectional design. However, the levels of certain
vascular risk factors may change over time, with increas-
ing age. Blood pressure and bodyweight, for example,
tend to rise in middle age but are known to decrease
in very old age [11,12]. Moreover, the relation between
potential risk factors and cognition may change over time,
even before the onset of clinically relevant cognitive dete-
rioration, as has been shown in epidemiological studies
on risk factors for dementia in the general population
[13]. None of the currently available longitudinal studies
on cognitive functioning in patients with T2DM examined
such ‘risk factor by time’ interactions.

The present study aimed to compare the vascular risk
factor profile over the preceding 16 years between T2DM
patients with good current cognitive functioning and
those with poor current cognitive functioning, in order
to determine the risk factors associated with cognitive
functioning and their time course.

Materials and methods

Study population

The Hoorn study is a population-based cohort study on
glucose metabolism in the general Dutch population. The
population and the study design have been described in
detail previously [14]. Briefly, in 1989, 3553 men and
women, aged 50–74 years, were randomly selected from
the population register of the medium-sized Dutch town of
Hoorn; 2484 Caucasian participants agreed to participate.
In 1996–1998 all surviving participants (n = 2086)
were invited for a second examination to which 1513
agreed. In the 2000–2001 follow-up examination, 1074
individuals of the Hoorn Study cohort were re-invited,
of whom 647 (60%) agreed to participate. For the
present study, all persons who were not known to have
T2DM (criteria: [15]) in 1989 (based on medical history,
medication use and repeated oral glucose tolerance test),
but developed T2DM (criteria: [16]) by the 2000–2001
examination were eligible for inclusion. These incident
T2DM patients (n = 118) were invited for the fourth
examination (2005–2007) along with a selected subgroup
of individuals with no more than one risk factor of the
metabolic syndrome (n = 115, [17]), and individuals with
the metabolic syndrome but no diabetes (n = 98) (for
details see Ref. 9). Of the 118 eligible T2DM patients at
the third examination, 64 patients with T2DM participated
in the fourth examination. The main reasons for non-
participation were lack of interest (40%), comorbidity

(26%), high age (18%), participation considered too time-
consuming (5%), unwillingness to travel (1%) or other
reasons (10%). Non-participating patients with T2DM
(n = 54) had a higher baseline age (p < 0.001). For
the present analysis all patients with incident T2DM
(n = 64) and all controls (n = 115) of whom vascular
and metabolic determinants were recorded since 1989
were included. The Hoorn study was approved by the
medical ethics committee of the VU University Medical
Center. Written informed consent was obtained from all
participants.

Measurements

Weight (kg) and height (cm) were measured with partic-
ipants wearing light clothes. Body-mass index (BMI) was
calculated as weight divided by squared height. Waist
circumference (cm) was measured in standing position
at the level midway between the lowest rib margin and
the iliac crest. Blood pressure (mmHg) was measured
in the right arm using a random-zero sphygmomanome-
ter while participants were seated. Systolic and diastolic
blood pressures were calculated as the mean of duplicate
measurements. Fasting glucose concentration was mea-
sured in venous plasma (mmol/L) using the hexokinase
method (Boehringer-Mannheim, Mannheim, Germany).
Glycated haemoglobin level (HbA1c, %) was determined
by ion-exchange high-performance liquid chromatogra-
phy. Triglycerides and total cholesterol were determined
from fasting blood samples using enzymatic techniques
(Boehringer-Mannheim, Mannheim, Germany). All blood
samples were analysed at the clinical chemistry labora-
tory of the VU University Medical Center. Self-reported
information on the participants’ current use of medica-
tions, medical history and smoking status (current Y/N)
was obtained by a standardized questionnaire. History
of cardiovascular disease was defined as self-reported
intermittent claudication, angina pectoris or possible
myocardial infarction, assessed with the Rose question-
naire [18] or a self-reported history of stroke or transient
ischaemic attack.

Cognitive outcome measures

The 2005–2007 examination of the population for
the first time included an assessment of cognitive
functioning. All participants underwent an extensive
neuropsychological examination including 12 verbal
and non-verbal tasks, administered in a fixed order
that took approximately 90 min to complete, covering
six cognitive domains (abstract reasoning, memory,
information processing speed, attention and executive
functions, visuoconstruction and language) [9]. For the
purpose of analysis the raw test scores were standardized
into z-scores, calculated on the pooled mean of the
T2DM group. The z-score for each cognitive domain
was computed by calculating the mean of the z-scores
comprising that domain.

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 657–664.
DOI: 10.1002/dmrr
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BP Levels in Pre-Diabetic Stages 659

The present study aimed to compare the vascular
risk factor profile between T2DM patients with relatively
poor cognitive functioning and those with relatively good
cognitive functioning. To limit the number of statistical
analyses, two cognitive outcome measures were used in
this comparison. A total sum score for cognition (SUM)
was used, representing the mean z-score over the six
cognitive domains as a measure of overall cognitive
functioning. The z-score for the domain information
processing speed (IPS) was included as a second cognitive
outcome measure, because previous studies by our group
[9,19] have shown that this domain is most sensitive to
detect between-group differences (effect size ∼0.4–0.6)
between patients with T2DM and non-diabetic controls.

The T2DM group was divided in tertiles according to
performance in IPS or SUM. Persons in the lowest tertile
of the measure were considered to have ‘relatively poor’
cognition; persons in the highest tertile were considered
to have ‘relatively good’ cognition. In separate analyses,
this was also performed in the control group. The division
in tertiles, although arbitrary, was chosen to maximize
contrast between the groups. In our view, this division
is also more suitable to examine the relatively mild
decrements in cognition, which are found in T2DM
than, for example, dichotomization at the lowest 10%
of the population. The middle tertile was excluded
from the primary analysis. Because impaired memory
functioning is also associated with T2DM, additional
analyses were performed for patients with ‘good’ or ‘poor’
memory performance. IQ was estimated with the Dutch
version of the National Adult Reading Test [20] and
the educational level recorded (seven categories) [21].
Depressive symptoms were assessed with the validated
Dutch version of the 20-item Centre for Epidemiologic
Studies Depression Scale (CES-D) [22]. Both the total
score (possible range 0–60) and the proportion of
participants scoring ≥16 were recorded.

Statistical analysis

Between-group differences in population characteristics
were analysed with analysis of variance for continuous
variables, Mann–Whitney U tests for non-parametric
data and chi-square tests for proportions. Linear mixed
models were used to compare the time course of vascular
risk factors over the four examinations (1989–1990,
1996–1998, 2000–2001 and 2005–2007) in participants
in the lowest tertile of each cognitive outcome measure
(‘poor’) to those in the highest tertile of the cognitive
outcome measure (‘good’) at follow-up (2005–2007).
The middle tertile was not included in these analyses
to maximize contrast between the groups. Linear mixed
models use all available data during follow-up, account
for correlation between repeated measurements and allow
for the use of time-independent and time-dependent
covariates [23]. Individual vascular risk factors were
entered in the models using the measurements obtained
at the four examinations. The models included group

(‘poor’ versus ‘good’ cognition at follow-up), time and an
interaction between group and time, providing estimates
for each of these. The estimates for ‘group’ reflect the
baseline cross-sectional difference in vascular risk factors
between persons with ‘poor’ versus ‘good’ cognition at
follow-up. The estimate for ‘time’ reflects the change
in vascular risk factors during the follow-up period
(i.e. per time-point). The estimate for ‘group × time
interaction’ reflects the additional increase or decrease
in vascular risk factors for patients with ‘poor’ cognition
compared to patients with ‘good’ cognition. All models
were adjusted for age, sex, estimated IQ and, where
appropriate, medication use. This method of analysis
was used for both cognitive outcome measures (SUM
and IPS) separately and for the T2DM and the control
group separately. It should be noted that the vascular risk
factors are entered as dependent variables in the linear
mixed models. With this approach, dichotomous variables
(e.g. smoking) cannot be addressed, because they cannot
be entered as a dependent variable in the model. The
model does allow dichotomous variables to be entered as
co-variates (e.g. sex).

Results

Table 1 shows the unadjusted baseline (1989) character-
istics of the T2DM patients according to three tertiles of
the cognitive sum score at follow-up (2005–2007). Nine
persons (four in the lowest tertile, five in the highest ter-
tile, p > 0.05) who were considered non-diabetic in 1989
(WHO 1985 criteria [15], based on repeated oral glucose
tolerance test) would be classified as diabetic by cur-
rent criteria for T2DM [16]. The mean z-score for SUM
was −0.62 ± 0.40 for the lowest tertile, −0.01 ± 0.10
for the middle tertile and 0.54 ± 0.26 for the high-
est tertile (p < 0.001). For IPS the mean z-scores were
−1.14 ± 0.62, 0.12 ± 0.17 and 0.84 ± 0.34, respectively
(p < 0.001). Patients with T2DM in the lowest tertile of
SUM at follow-up (‘poor cognition’) were older and had a
lower estimated IQ than the persons in the highest tertile
of SUM at follow-up (‘good cognition’), but the differ-
ences in z-scores for SUM and IPS remained statistically
significant after adjustment for age and estimated IQ. Of
the 64 T2DM patients included in the present study, 54
(84%) were screen-detected at one of the study visits.
During the 16 years of follow-up, the proportion of T2DM
patients using oral blood glucose-lowering medication or
insulin increased from 2% in 1996–1998 (lowest ter-
tile 0%, middle tertile 0%, highest tertile 6%; p = 0.58)
and 27% in 2000–2001 (33%, 23%, 24%; p = 0.69) to
50% in 2005–2007 (52%, 59%, 38%; p = 0.37). Present
(2005–2007) proportions of current smoking (11% in
total) and cardiovascular disease (52% in total) for the
three tertiles were 5%, 18%, 10% (p = 0.27) and 57%,
32%, 67% (p = 0.06), respectively (data not shown in
Table 1).

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 657–664.
DOI: 10.1002/dmrr
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660 E. van den Berg et al.

Table 1. Baseline characteristics (1989) according to three tertiles of the cognitive SUM score at follow-up (2005–2007) in patients
with T2DM

Baseline (1989–1990) Follow-up (2005–2007)

Lowest tertile Highest tertile p Lowest tertile Highest tertile p

n 21 21 – – – –
Age (years) 62.5 ± 5.5 56.1 ± 4.3 <0.001 77.8 ± 5.6 71.1 ± 4.6 <0.001
Male sex (n, %) 9 (43%) 13 (62%) 0.22 – – –
Estimated IQa – – – 90.1 ± 13.3 98.2 ± 8.8 0.003
Waist circumference (cm) 96.0 ± 10.5 95.9 ± 9.3 0.98 101.0 ± 12.9 102.1 ± 8.3 0.77
BMI (kg/m2) 28.2 ± 3.0 27.3 ± 3.3 0.31 28.7 ± 4.3 28.2 ± 3.8 0.74
Fasting glucose (mmol/L) 6.9 ± 2.7 6.6 ± 1.3 0.59 6.7 ± 1.1 7.1 ± 1.0 0.22
HbA1c (%) 6.2 ± 1.8 5.8 ± 0.8 0.39 6.5 ± 0.6 6.4 ± 0.9 0.55
Glucose-lowering medication 0 (0%) 0 (0%) – 11 (52%) 8 (38%) 0.35
Systolic blood pressure (mmHg) 144.6 ± 16.2 133.1 ± 16.3 0.03 154.1 ± 22.9 151.7 ± 19.4 0.72
Diastolic blood pressure (mmHg) 85.7 ± 8.5 83.9 ± 8.8 0.50 71.4 ± 10.7 78.3 ± 11.7 0.06
Anti-hypertensive medication (n, %) 7 (33%) 4 (19%) 0.29 15 (71%) 14 (67%) 0.74
Total cholesterol (mmol/L) 6.2 ± 1.0 6.7 ± 1.2 0.21 5.0 ± 0.9 4.7 ± 0.9 0.36
Triglycerides (mmol/L) 2.1 ± 1.1 2.4 ± 1.2 0.32 1.7 ± 0.8 1.8 ± 0.7 0.70
Lipid-lowering medication (n, %) 2 (10%) 2 (10%) 0.70 8 (38%) 12 (57%) 0.22
Smoking (n, %) 4 (19%) 9 (43%) 0.16 1 (5%) 2 (10%) 0.24
CVD (n, %)b 6 (29%) 6 (29%) 0.63 12 (57%) 14 (67%) 0.53

Data are presented as means ± SD or n (%).
CVD, cardiovascular disease.
aPremorbid IQ estimation based on the Dutch version of the NART during the 2005–2007 examination.
bCVD was defined as a self-reported history of intermittent claudication, angina pectoris or possible myocardial infarction (Rose questionnaire), use
of nitrates, surgery or endovascular treatment for arterial disease of the legs or the abdominal aorta, stroke or transient ischemic attack.

Figure 1 shows the time course of several vascular risk
factors at the four examinations during the 16-year follow-
up estimated by unadjusted linear mixed models for T2DM
patients in the lowest tertile of SUM (‘poor cognition’) and
the highest tertile of SUM (‘good cognition’). Tables 2 and
3 show the results, adjusted for age, sex and estimated
IQ, for the cognitive outcome measures SUM and IPS. At
baseline patients in the lowest tertile of SUM or IPS had
a 14 respectively 18 mmHg higher systolic blood pressure
than persons in the highest tertile. Moreover, patients in
the lowest tertile of IPS had a lower baseline HbA1c and
tended to have a lower fasting glucose level (p = 0.06)
than patients in the highest tertile, but this result was
not present for SUM (Tables 2 and 3). Figure 1 shows
that during the follow-up period systolic blood pressure,
bodyweight and glucose levels increased for all patients
with T2DM. In contrast, diastolic blood pressure and lipid
levels showed a decrease.

Significant ‘group × time interactions’ (Tables 2 and
3) were observed for diastolic blood pressure for SUM,
and for systolic and diastolic blood pressure for IPS.
This means that patients with ‘poor’ cognition had a
greater decrease in diastolic blood pressure and a lesser
increase in systolic blood pressure than patients with
‘good’ cognition. In addition, patients with ‘poor’ SUM
performance tended to have a lesser decrease in total
cholesterol (p = 0.05) and a lesser increase in fasting
glucose (p = 0.06) compared to patients with ‘good’
performance. No interaction with medication use was
observed in these associations. Excluding patients’ high
levels of depressive symptoms (i.e. CES-D ≥16; lowest
tertile of SUM n = 5, highest tertile of SUM n = 2,
p = 0.29) did not notably change the results. The time
course of the vascular risk factor for patients in the middle

tertile, which was not included in the primary analysis,
was generally at an intermediate position between the
lowest and highest tertile for both SUM and IPS (data
not shown). There was no difference in diabetes duration
between the highest and the lowest tertile. Additional
analyses for the highest and lowest tertile on the z-score
for memory, which is also known to be affected by T2DM,
showed similar results, albeit somewhat smaller in size
(data not shown).

Secondary analyses in the control group, in which
the risk factors were compared between non-T2DM
participants with the lowest and highest tertiles of
cognitive performance, revealed effects of group and
time, which were similar to the T2DM group, albeit with
somewhat smaller effect estimates (data not shown).

Discussion

The results of the present study show that patients with
T2DM with relatively poor cognition in 2005–2007 had
a higher systolic blood pressure in 1989 than patients
with relatively good cognition. Interestingly, for IPS these
patients also had a lower HbA1c level in 1989. ‘Group
× time’ interactions further showed that patients with
poor cognition showed a lesser increase in systolic blood
pressure and a greater decrease in diastolic blood pressure
compared to patients with good cognition. Levels of
vascular risk factors at the time of cognitive assessment
(2005–2007) were largely similar in both groups.

Cross-sectional studies on the combined effects of
T2DM and hypertension in relation to cognitive func-
tioning have shown inconsistent results. Several studies

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 657–664.
DOI: 10.1002/dmrr
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BP Levels in Pre-Diabetic Stages 661

Figure 1. Time course of vascular risk factors from examinations 1 (1989–1990) through 4 (2005–2007) for persons in the lowest
tertile of the cognitive SUM score (°) versus highest tertile (ž) estimated by unadjusted linear mixed models. Data are mean ± SE

have shown cumulative or interactive effects of hyperten-
sion and T2DM [7,24]. Other studies, however, do not
confirm these results [4,25–27]. The results of the present
study show that timing of the assessment of exposure is
a possible explanation for some of these inconsistencies.
Indeed, studies that failed to show interaction or addi-
tive associations typically involve cross-sectional studies
in populations of relatively high age (>70) [4,25–27].
A recent review on vascular risk factors for dementia
has shown that for many vascular risk factors, such as
hypertension and obesity, the risk of late life dementia is
generally largest in studies that measured the risk factor
in midlife (compared to late life) and had a long follow-up
time [13]. These results suggest that midlife hypertension,
even in pre-diabetic stages, may indeed affect cognitive
functioning later in life.

Interestingly, T2DM patients with poor cognition did
not have higher HbA1c levels at any point during the study,
and had similar lipid profiles and body weight compared
to T2DM patients with good cognition. At baseline, i.e.
before the development of T2DM, patients with poor
cognition even had a lower HbA1c level than patients with
good cognition. These risk factors thus do not appear
to have a major impact on cognitive functioning in this
group of T2DM patients. However, it should be noted
that the levels of vascular risk factors were generally
low in this population (Table 1), the duration of the
T2DM was relatively short, and the patients’ glucose
levels were well-controlled. Moreover, the majority of
the patients (84%) were screen-detected patients and
in over half of those, glucose-lowering therapy was
not (immediately) initiated because of relatively mild

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 657–664.
DOI: 10.1002/dmrr
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Table 2. Results of linear mixed models for patients with T2DM in the lowest tertile of the SUM z-score for cognition compared to
the highest tertile across four examinations (n = 42; highest tertile = reference)

Baseline group differencea Group × time interactionb

Estimate (SE) p Estimate (SE) p

Waist (cm) 2.88 (4.14) 0.49 0.41 (0.66) 0.54
BMI (kg/m2) 1.48 (1.52) 0.34 −0.27 (0.21) 0.19
Systolic blood pressure (mmHg) 14.08 (7.46) 0.06 −3.04 (2.10) 0.15
Diastolic blood pressure (mmHg) 7.53 (4.65) 0.11 −3.08 (1.39) 0.03
Total cholesterol (mmol/L) −0.71 (0.43) 0.10 0.21 (0.11) 0.05
Triglycerides (mmol/L) −0.23 (0.42) 0.59 0.09 (0.09) 0.31
Fasting glucose (mmol/L) 0.51 (0.61) 0.40 −0.36 (0.19) 0.06
HbA1c (%) −0.001 (0.39) 0.998 0.10 (0.11) 0.33

Results are adjusted for age, sex and estimated IQ.
aBaseline mean difference between participants in the lowest tertile of the sum z-score for cognition versus the highest tertile.
bAdditional change per time point (1–4) attributable to cognitive status.

Table 3. Results of linear mixed models for patients with T2DM in the lowest tertile of the IPS z-score for cognition compared to the
highest tertile across four examinations (n = 42; highest tertile = reference)

Baseline group differencea Group × time interactionb

Estimate (SE) p Estimate (SE) p

Waist (cm) −1.63 (4.67) 0.73 −0.40 (0.69) 0.57
BMI (kg/m2) −0.70 (1.77) 0.69 0.002 (0.23) 0.99
Systolic blood pressure (mmHg) 17.98 (7.59) 0.02 −6.32 (2.18) 0.005
Diastolic blood pressure (mmHg) 3.84 (4.66) 0.41 −2.86 (1.44) 0.05
Total cholesterol (mmol/L) −0.44 (0.45) 0.33 0.13 (0.12) 0.26
Triglycerides (mmol/L) −0.05 (0.40) 0.91 0.05 (0.09) 0.58
Fasting glucose (mmol/L) −1.07 (0.55) 0.06 0.01 (0.16) 0.96
HbA1c (%) −0.77 (0.34) 0.03 0.14 (0.10) 0.15

Results are adjusted for age, sex and estimated IQ.
aBaseline mean difference between participants in the lowest tertile of the z-score information processing speed versus the highest tertile.
bAdditional change per time point (1–4) attributable to cognitive status.

hyperglycaemia. Furthermore, nine patients who were
classified as non-diabetic by the standards in 1989 [15]
would be classified as diabetic by current criteria [16],
resulting in a relatively high baseline HbA1c level for the
whole sample.

Previous cross-sectional studies in T2DM patients with
worse glycaemic control showed that elevated HbA1c

levels are associated with worse cognitive functioning
[4,5,19,28–30]. Moreover, there are indications that
cognitive dysfunction in patients with T2DM is par-
tially reversible with improvement of glycaemic control
[31–35], but these observations will need to be con-
firmed in properly designed randomized clinical trials on
the effects of intensified glucose-lowering therapy versus
standard treatment [36].

Strengths of the present study are the detailed recording
of vascular and metabolic determinants over an extended
period in a well-defined population-based cohort of older
persons. The T2DM patient group was divided in tertiles
according to their cognitive performance, thus depicting
persons with ‘good’ or ‘poor’ cognition. Although one
may argue that persons with ‘poor’ cognition may not
necessarily have clinically relevant impairments, in our
view this division is appropriate to examine the relatively
mild decrements in cognition, which are generally found
in T2DM patients. Limitations of the study include the

fact that cognitive functioning was not assessed before the
2005–2007 examination. Selection bias due to attrition
of this elderly population over the 16-year follow-up
period should also be considered [37], since persons
with a less favourable vascular risk factor profile at
baseline (1989) are more likely to be lost to follow-
up and the sample size of the fourth examination
was relatively small. Indeed, previous reports on the
Hoorn study population have shown an increased risk of
cardiovascular mortality associated with baseline obesity
[38], hyperglycaemia/impaired fasting glucose [39,40]
and metabolic syndrome [41]. This possible ‘survivor’
bias may cause underestimation of the results. Therefore,
caution should be applied with respect to generalization
of the results to the wider population. Finally, linear
mixed models did not allow for dichotomous variables,
such as smoking (Y/N), to be entered as dependent
variables in the analyses, thus limiting the analyses to
continuous variables such as blood pressure or waist
circumference.

In sum, present levels of vascular risk factors in
patients with T2DM with relatively poor cognition do
not differ from those with relatively good cognition.
Historically, however, patients with poor cognition had
a higher systolic blood pressure than patients with
good cognition over 16 years before. This suggests that

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 657–664.
DOI: 10.1002/dmrr

 15207560, 2009, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.1009 by E
rasm

us U
niversity R

otterdam
 U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [28/10/2022]. 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



BP Levels in Pre-Diabetic Stages 663

diabetes-associated cognitive decline is related to the
cumulative effects of long-term exposure to hypertension,
even in pre-DM stages.
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