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Abstract

Background: There is increasing evidence that dementia risk associated with vascular disorders is age dependent.
Large population-based studies of incident dementia are necessary to further elucidate this effect. Therefore, the
aim of the present study was to determine the association of vascular disorders with incident dementia in different
age groups in a large primary care database.

Methods: We included 442,428 individuals without dementia aged ≥ 65 years from the longitudinal primary care
Integrated Primary Care Information (IPCI) database. We determined in 6 age groups (from 65–70 to ≥ 90 years) the
risk of hypertension, diabetes mellitus, dyslipidemia, stroke, myocardial infarction, heart failure, and atrial fibrillation
for all-cause dementia using incidence rate ratios, Cox regression, and Fine and Gray regression models.

Results: The mean age at inclusion of the total study sample was 72.4 years, 45.7% of the participants were male,
and median follow-up was 3.6 years. During 1.4 million person-years of follow-up, 13,511 individuals were diagnosed
with dementia. The risk for dementia decreased with increasing age for all risk factors and was no longer significant in
individuals aged ≥ 90 years. Adjusting for mortality as a competing risk did not change the results.

Conclusions: We conclude that vascular disorders are no longer a risk factor for dementia at high age. Possible
explanations include selective survival of individuals who are less susceptible to the negative consequences of
vascular disorders and differences in follow-up time between individuals with and without a vascular disorder.
Future research should focus on the identification of other risk factors than vascular disorders, for example,
genetic or inflammatory processes, that can potentially explain the strong age-related increase in dementia risk.
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Background
Dementia is a major public health care problem with 35.6
million cases worldwide in 2010 [1]. Knowledge about the
risk factors for dementia is essential to control the increas-
ing number of patients with dementia [2]. Vascular disor-
ders, such as hypertension and diabetes mellitus (DM),
are modifiable risk factors for dementia [3–5], and it has
been suggested that a substantial part of dementia cases
could be prevented if these factors would be eliminated
[6]. Both the incidence of dementia and the burden of vas-
cular disorders are strongly age-dependent [7, 8]. On the
one hand, neuropathological studies have shown that at

high age, the majority of dementia cases have mixed path-
ologies with both neurodegeneration and cerebrovascular
disease contributing to the cognitive impairment [9–12].
On the other hand, there is emerging evidence that the
risk of dementia associated with cardiovascular risk factors
decreases with age [3]. For example, hypertension was a
risk factor for dementia when present during mid-life but
became protective in individuals aged 80 years and older
[13]. These conflicting findings between the risk factor
and pathological studies remain poorly understood. Longi-
tudinal population-based studies are needed to further
elucidate the influence of age on the association between
vascular disorders and dementia [14].
Databases from general practitioners (GPs) in the

Netherlands are in particular suitable to study the associ-
ation between vascular disorders and incident dementia.
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They contain a large and unbiased selection of the popula-
tion with complete follow-up as citizens need to be regis-
tered with a GP practice, and there is an obligatory
reporting of diagnoses from secondary care to GPs [15].
In the Netherlands, the Integrated Primary Care Informa-
tion (IPCI) database contains a large number of electronic
patient records from different GPs [15], which has been
successfully used to study dementia previously [16].
In the present study, we used the IPCI database to elu-

cidate the association of vascular disorders with incident
dementia in groups of increasing age ranging from
young-old (≥ 65 to 70 years) to oldest-old (≥ 90 years)
individuals.

Methods
Study sample
The IPCI database is a research database with electronic
patient records from GPs in the Netherlands [15]. It in-
cludes data from over two million individuals. The
present study was approved by the Scientific and Ethical
Advisory Board of the IPCI project (project number:
2015-14).
We included individuals aged ≥ 65 years at any time

between the start of the IPCI database in January 1996
and January 2017. To enhance the reliability of the data,
follow-up time did not include the first year a GP or pa-
tient is part of the IPCI database. The decision regarding
the start age of inclusion was based on the positive pre-
dictive value of the incident dementia diagnosis in IPCI
(Additional file 1: Table S1). All individuals with a de-
mentia diagnosis at the age of 65 years or at study entry
were excluded. Incident dementia was studied in six age
groups: 65 to 70 years, 70 to 75 years, 75 to 80 years, 80
to 85 years, 85 to 90 years, and ≥ 90 years. Individuals
with follow-up time spanning two or more age groups
were included in all age groups to which they contrib-
uted follow-up time; hence, the sum of the individuals in
all age groups exceeds the total number in the study
sample.

Study outcome
All-cause dementia was based on the International Clas-
sification of Primary Care version 1 (ICPC-1) code P70
determined by the GP or the use of anti-dementia drugs
according to the Anatomical Therapeutic Chemical
(ATC) classification system (ATC code: N06D which in-
clude anticholinesterases, memantine, Ginkgo folium,
and combinations) [17]. The date of dementia diagnosis
was based on the first ICPC or ATC code record in the
database.

Risk factors
We assessed seven vascular disorders as risk factors for
incident dementia: hypertension, DM, dyslipidemia,

stroke, myocardial infarction, heart failure, and atrial fib-
rillation (AF). Hypertension was based on ICPC code
K86 or K87 or the use of antihypertensive medication
(ATC code: C02, C03, C07, C08, C09). DM was based
on ICPC code T90 or the use of antidiabetic medication/
insulin (ATC code: A10). Dyslipidemia was based on
ICPC code T93 or the use of statins (ATC code: C10).
Stroke, ICPC code: K90; myocardial infarction, ICPC
code: K75; heart failure, ICPC code: K77; and AF, ICPC
code: K78, were based on ICPC code only. The dates of
the risk factors were based on the first ICPC or ATC
code records in the database. For every age group, the
risk factor was defined as present when an individual
had the risk factor at the start of that age group or at
study entry.

Statistical analyses
We estimated the risk for dementia of all seven vascular
disorders within a 5-year period (except for individuals
≥ 90, in which no upper age limit was used) in two ways.
We calculated the incidence rates and incidence rate ra-
tios (IRR) of dementia per 1000 person-years (PY)
follow-up to show the exact numbers of dementia cases
per vascular disorder and age group and fitted Cox re-
gression models with follow-up time as time scale,
adjusting for age at study entry and sex (model 1, main
model). These analyses were performed within each age
group separately. We used follow-up time as the time
scale, instead of age, because of the unequal baseline age
distributions at the entry for the different age groups
and the preference for follow-up time as time scale when
the true time scale is uncertain [18, 19].
To test whether the effect of the vascular disorder on

dementia risk was dependent on age, we added an inter-
action term between the vascular disorder and age group
to the main Cox regression model in the total sample
(further referred to as trend analyses). If the effect esti-
mate of this interaction term is positive, it indicates that
the effect of the vascular disorder on dementia risk in-
creases with age. If the effect estimate of the interaction
term is negative, it indicates that the effect of vascular
disorder on dementia risk decreases with age.
In secondary analyses, Fine and Gray regression

models were used to additionally adjust for death as a
competing risk (model 2) [20], and the main Cox regres-
sion model was extended by additional adjustments for
the other vascular disorders (model 3) and medication
use (model 4). In model 4, we corrected for antihyper-
tensive medication, antidiabetic medication/insulin, sta-
tins, loop diuretics (ATC code: B03C), vitamin K
antagonists/direct factor Xa inhibitors (ATC code:
B01AA/F), and platelet aggregation inhibitors (ATC
code: B01AC). In models 1, 2, 3, and 4, individuals with-
out the specific vascular disorder were used as the
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reference group. Only in model 5 we repeated Cox re-
gression model 1 with individuals without any vascular
disorder as the reference group.
In sensitivity analyses, we repeated model 1 (Cox re-

gression model adjusted for age at study entry and sex)
using age, instead of follow-up time, as time scale
(model 6). Additionally, we repeated Cox and Fine and
Gray regression models without limitation of follow-up
time at the end of each age group (explanation of the
limited and continuous follow-up time in Add-
itional file 1: Figure S1). Limitation of the follow-up time
as performed in the analyses described above might lead
to an underestimation of the effect of a vascular disorder
on dementia risk, and this effect might differ per age
group. To test whether the limitation of follow-up time
affected our results, we repeated the analyses with con-
tinuous follow-up time.
For the interpretation of our results, we also calculated

the limited follow-up time difference between individ-
uals with and without a vascular disorder.
Last, we additionally repeated the Cox regression

model 1 (adjusted for age at study entry and sex) with
mortality as the outcome to test per age group whether
the vascular disorder was associated with mortality. We
also repeated the trend analyses with mortality as the
outcome to test whether the effect of the vascular dis-
order on mortality was dependent on age by adding an
interaction term between the vascular disorder and age
group to the Cox regression model.
The trend analyses for the seven vascular disorders

were corrected for multiple testing using Bonferroni, de-
fining the p value threshold for significance at < 0.0071

(= 0.05/7). For other analyses, we interpreted a p value <
0.05 as significant. R-Studio version 1.0.143 with R ver-
sion 3.4.0 was used for all analyses [21]. “Rateratio.test”
package was used to test IRR and the “survival” package
for Cox regression analysis and the “cmprsk” package
for the competing risk analyses [22–24].

Results
We included 442,428 individuals (45.7% male) with a
mean age of 72.4 (SD 7.5, range 65.0–115.2) years at
baseline. The median follow-up time of the total sample,
without considering the limitations of the age groups,
was 3.6 (range 0.0–10.7) years. During 1.4 million PY of
follow-up, 13,511 individuals developed dementia. Inci-
dent dementia strongly increased with age from 1.5/
1000 PY of follow-up at age 65–70 to 40.0/1000 PY of
follow-up at age ≥ 90 (Table 1 and Fig. 1). Hypertension,
DM, and dyslipidemia were the most prevalent risk fac-
tors with rates ranging from 14.8 to 84.4% (Table 1).
The prevalence of all risk factors was higher in the older
age groups, except for DM and dyslipidemia for which
the prevalence was highest in individuals aged 80–85
years and lower in the following age groups (Table 1).

Association of risk factors with incident dementia
The IRR of each risk factor as a function of age is shown
in Fig. 1 and Additional file 1: Table S2. The hazard ratio
(HR) for dementia of each risk factor as a function of
age is shown in Fig. 2 and Additional file 1: Tables S3
and S4. The IRR and the HR of model 1 (HR1, corrected
for age and sex) and model 2 (HR2, additional corrected
for mortality) generally showed the same pattern with a

Table 1 Descriptive statistics ≥ 65-years-old individuals without dementia at study entry in IPCI

65–70 70–75 75–80 80–85 85–90 ≥ 90

Sample size, N 216828 167493 125971 89172 52739 23529

Follow-up time, median years (IQR) 1.92 (1.00–3.33) 1.84 (0.84–3.17) 1.86 (0.92–3.17) 1.83 (0.91–3.09) 1.67 (0.75–2.84) 1.50 (0.70–2.67)

Age at study entry or age at group
entry, mean years (SD)

66.23 (1.58) 71.18 (1.56) 76.18 (1.55) 81.15 (1.54) 86.00 (1.44) 91.33 (2.24)

Male 49.16 47.89 45.28 41.23 35.74 28.59

Incident dementia (per 1000 PY) 1.52 4.10 9.88 20.09 30.76 40.00

Mortality rate per 1000 PYa 10.97 17.35 28.19 48.94 84.87 182.61

Hypertension prevalence 55.35 64.19 71.88 78.95 83.33 84.40

Diabetes mellitus prevalence 14.78 18.18 20.82 22.17 21.90 19.27

Dyslipidemia prevalence 37.99 44.29 47.35 47.09 41.55 29.84

Stroke prevalence 2.80 3.95 5.41 7.19 9.12 10.83

Myocardial infarction prevalence 4.07 5.25 6.30 7.41 7.70 7.76

Heart failure prevalence 1.64 2.77 5.02 8.70 14.05 21.14

Atrial fibrillation prevalence 3.57 5.63 8.03 11.22 14.73 17.14

Values are percentages unless stated otherwise; prevalence—the disease is present at the start of that age group or at database entry; individuals that contribute
follow-up time to multiple age groups are included in all age groups they contribute to; acalculated by dividing the total number of deceased individuals by the
total number of person-years (PY) follow-up per 1000 in that specific age group. IPCI Interdisciplinary Processing of Clinical Information database, IQR interquartile
range, N number, SD standard deviation
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decreased risk for dementia with increasing age. The
trend analyses performed in model 1 showed that for all
risk factors, except for dyslipidemia, there was a signifi-
cant interaction between age group and the risk factor
(Fig. 2, p values are reported below). This suggested that
the incident dementia risk associated with these risk fac-
tors decreased with increasing age. We report below the
HRs from model 1 (these are the same HRs as visualized
in Fig. 2 and presented in Additional file 1: Table S3).

Hypertension was associated with an increased risk for
incident dementia from age 65 to 85 years. The HR de-
creased from 1.24 (95% confidence interval (CI) 1.07–
1.44) at age 65–70 years to 0.95 (95% CI 0.84–1.07) at age
≥ 90 years (p value for trend < 0.001). DM was associated
with an increased risk for incident dementia from age 65
to 90 years. The HR decreased from 1.61 (95% CI 1.35–
1.92) at age 65–70 years to 1.06 (95% CI 0.94–1.20) at age
≥ 90 years (p value for trend < 0.001). Dyslipidemia was

Fig. 1 Association of risk factor with incident dementia per 5 year age groups (except for individuals ≥ 90, in which no upper age limit was
used). IRR, incidence rate ratio; PY, person-years; CI, confidence interval; *p < 0.05

Fig. 2 Risk of incident dementia in the presence of a risk factor per 5-year age group (except for individuals ≥ 90, in which no upper age limit
was used). Hazard ratio from model 1 (HR1) determined with Cox regression analyses adjusted for age at study entry and sex; hazard ratio from
model 2 (HR2) determined with competing risk analyses adjusted for age at study entry and sex; the HR on the y-axis is graphed on a log scale.
CI, confidence interval; *HRs changed significantly (p < 0.0071) between age groups, determined with trend analysis including the interaction of
age group with risk factor
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associated with an increased risk for incident dementia
from age 65 to 90 years. The HR decreased from 1.39
(95% CI 1.21–1.61) at age 65–70 years to 0.95 (95% CI
0.86–1.06) at age ≥ 90 years (p value for trend 0.11). Stroke
was associated with incident dementia from age 65 to 90
years. The HR decreased from 2.61 (95% CI 1.94–3.51) at
age 65–70 years to 1.11 (95% CI 0.95–1.30) at age ≥ 90
years (p value for trend < 0.001). Myocardial infarction
was associated with incident dementia only in the individ-
uals aged 80–85 years. The HR decreased from 1.11 (95%
CI 0.78–1.59) at age 65–70 years to 0.96 (95% CI 0.79–
1.15) at age ≥ 90 years (p value for trend 0.003). Heart fail-
ure was associated with incident dementia from age 65 to
85 years. The HR decreased from 2.62 (95% CI 1.80–3.83)
at age 65–70 years to 0.99 (95% CI 0.87–1.11) at age ≥ 90
years (p value for trend < 0.001). AF was associated with
incident dementia at age 65–70 years, age 75–80 years,
and age 85–90 years. The HR decreased from 1.48 (95%
CI 1.05–2.08) at age 65–70 years to 1.06 (95% CI 0.94–
1.21) at age ≥ 90 years (p value for trend < 0.001).
Further correction for the other risk factors and medi-

cation use (models 3 and 4, Additional file 1: Table S4)
yielded similar results, except that hypertension was no
longer associated with incident dementia in individuals
aged 65 to 85 years and that the HR related to hyperten-
sion did not decrease with age. Analyses with a control
group without any risk factor as the reference (model 5,
Additional file 1: Table S4) increased the HR, but the de-
crease of the HR with age was otherwise similar.

Sensitivity analyses
Repeated analyses of model 1 using age instead of
follow-up time as the time scale yielded similar results
(model 6, Additional file 1: Table S5). This implicates
that the time scale used for the present analyses does
not substantially affect the results. Analyses without
limitation of follow-up time at the end of each age group
yielded similar results and showed the same pattern of
decreasing HR with age (results not shown). This impli-
cates that the pattern of decreasing HR with age cannot
be explained by the limitation of follow-up time.
Follow-up was shorter in those with a risk factor than

those without, with differences ranging from 1.1–3.0
months in the youngest age group to 2.7–4.2 months in
the oldest age group (Additional file 1: Figure S2).
Analyses with mortality as the outcome showed that

all risk factors were associated with an increased mortal-
ity risk in all age groups, except for dyslipidemia be-
tween the ages 80–85 and ≥ 90 years (Additional file 1:
Table S6 ). Trend analyses indicated that mortality risk
in the presence of a risk factor decreased with increasing
age for all risk factors except hypertension (p value for
trend for hypertension 0.35, for all other vascular disor-
ders < 0.001).

Discussion
The main finding is that the risk of vascular disorders
for incident dementia decreases with age. Most vascular
disorders were risk factors for dementia at age 65–70
years, but in individuals over 90 years, none of the
vascular disorders was significantly associated with de-
mentia. These findings implicate that prevention or
treatment of vascular disorders might not be as effective
to avert dementia in the oldest-old compared to younger
populations [25] and reveal the persistent lack of our un-
derstanding of dementia in the oldest-old.
Age-dependent effects on incident dementia risk have

been described for hypertension [3, 13, 26–28], dyslipid-
emia [3, 29], AF [4], and myocardial infarction [30] and
a compound score including DM, hypertension, dyslipid-
emia, and myocardial infarction [31]. These studies
found that these risk factors are associated with demen-
tia in mid-life (age 40–65 years) but not in late-life (age
> 65 years), with the exception for the compound score
which was still associated with dementia in 70–79-year-
old individuals but not in individuals over 80 years. For
DM, an age-dependent effect (< 65 versus ≥ 65 years) on
incident dementia was found [32], but an association of
DM with dementia into late-life has also been reported
[3, 33, 34]. For stroke, a decreasing dementia risk with
increasing age (18 to ≥ 85 years) was reported [35, 36],
but in these studies, stroke was still associated with inci-
dent dementia in individuals aged 85 years and older
[13]. This might be explained by a difference in
follow-up time, which was longer in these studies com-
pared to the follow-up time in the oldest age group of
our study, or differences in participant selection and
study design. A direct comparison of the effect estimates
over studies is difficult due to the differences in study
design, adjustments for other risk factors or medication
use, and the type of outcome studied (all-cause dementia
versus vascular dementia or Alzheimer’s disease).
The age-dependent dementia risk can be explained by

risk factor-specific explanations and explanations
generalizable to all vascular disorders. High blood pres-
sure might be necessary to secure cerebral blood flow at
higher age [13, 27], and high cholesterol levels poten-
tially reflect a better overall health status in older indi-
viduals [37]. Reverse causality might also be a possible
explanation for the age-dependent effect of hypertension
and dyslipidemia as blood pressure and cholesterol levels
may drop before dementia onset as a consequence of the
neurodegenerative process [38]. Possible explanations
that are generalizable to all risk factors include the po-
tential selective survival of individuals who are less sus-
ceptible to the negative consequences of the risk factors.
Second, the higher prevalence of risk factors in older in-
dividuals dilutes the distinction between individuals with
and without a risk factor. However, when we used
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individuals without any of the risk factors as a reference
group, we observed a similar decrease of dementia risk
with age.
The reduction could also be due to several biases asso-

ciated with the risk factors. First, competing risk by mor-
tality may be an explanation as individuals with a risk
factor, such as hypertension, may die faster than those
without the risk factor, and therefore are less likely to
become demented [26]. However, adjustment for mortal-
ity as a competing risk did not change the findings and
mortality risk in the presence of a risk factor did not in-
crease with older age. Similarly, the presence of a risk
factor may reduce the follow-up time in the IPCI data-
base as individuals may be more likely, for example, to
be reallocated to a permanent care facility. Follow-up
was indeed shorter in those with a risk factor than those
without, but differences were small and are unlikely to
fully explain the difference.
Post-mortem neuropathological studies have indicated

that with older age, other pathologies than AD also con-
tribute to dementia risk such as TAR DNA-binding pro-
tein 43 (TDP-43) and hippocampal sclerosis [10–12].
Risk factors for non-AD pathology also include
non-vascular risk factors, for example, autoimmune con-
ditions and pro-inflammatory responses, such that the
effect of vascular disorders on dementia risk in the
oldest-old becomes attenuated [39, 40].
Another possible explanation may be the decrease in

the prevalence of the apolipoprotein E (APOE ε4) allele,
the major genetic risk factor for AD, with higher age
[41]. The APOE ε4 allele seems to increase the risk for
dementia in the presence of cardiovascular pathology,
and a lower prevalence of the APOE4 allele could reduce
the negative effect of vascular disorders on dementia
incidence [42, 43].
However, it needs to be addressed that neuropathological

studies in the oldest-old still report an important role for
vascular diseases in dementia [10]. In vivo biomarker stud-
ies are necessary to provide more insight in this mismatch
between the association of vascular markers with dementia
in pathological studies and risk factor studies.

Strengths and limitations
Previous studies typically reported age-dependent risks in
mid-life (age 40–65 years) and late-life (age > 65 years), or
only in old age (> 85 years) [3, 4, 13, 26, 29, 34]. Our find-
ings are therefore unique as we tested the effect of age on
risk factors for incident dementia in a population ranging
from 65 to over 90 years. Other strengths and limitations
of this study are mostly related to the characteristics of
the IPCI database. The strength of IPCI is that it is a pri-
mary care database including a large number of individ-
uals. Selection bias is limited as all citizens in the
Netherlands need to be registered with a GP practice and

the demographic characteristics of the individuals in IPCI
are comparable with the overall Dutch population [44]. In
addition, obligatory reporting of diagnoses from secondary
care to GPs makes diagnoses more complete. The demen-
tia incidence we observed in our study was comparable
with other primary care or population-based cohort stud-
ies in the Netherlands [16, 45]. Limitations related to the
IPCI database are that this database does not always con-
tain the accurate starting date for the diagnoses as the GP
regularly records date of subscription as the starting date
for prevalent diagnoses. Therefore, we were not able to
take the start date and duration of the vascular disorders
into account. The second limitation is that no difference
could be made between types of dementia as the ICPC
coding system does not allow GPs to precisely record this.
Also, GPs will not always refer their patients to perform
extensive evaluations (neuropsychological testing and
brain imaging) to determine the type of dementia. Third,
GPs do not regularly measure blood pressure, glucose, or
cholesterol levels in all their patients. Therefore, we could
not take quantitative measurements into account. Fourth,
as IPCI is an observational study, not all individuals were
regularly evaluated by their GP. This could potentially lead
to underreporting of the vascular disorders and dementia
diagnoses. However, the prevalence of hypertension, DM,
stroke, heart failure, and AF in IPCI is similar to that in
population-based cohorts [45–51]. Still, the prevalence for
myocardial infarction and dyslipidemia was lower in the
IPCI database compared to population-based studies,
which may suggest underdiagnoses, although the preva-
lence for dyslipidemia varies widely due to the differences
in definition [52–54]. Fifth, follow-up time in IPCI ends
when a GP changes software, and this limited the
follow-up time in the present study. Sixth, we adjusted
our analyses for age, sex, mortality, vascular disorders, and
medication, but residual confounding is still possible as
we were not able to correct for years of education and
additional risk factors such as obesity and smoking. Fi-
nally, we tested only for a linear trend over the age groups
and not for a non-linear trend. This might explain why
the trend test for dyslipidemia was not significant.

Conclusion
We found that the risk factors for dementia changed
with age. All vascular disorders, except myocardial in-
farction, predicted incident dementia at age 65–70 years.
The risk for dementia of these risk factors decreased
with age, and none of them was predictive for dementia
after the age of 90 years. Future research should focus
on understanding the mismatch between the association
of vascular markers with dementia in pathological stud-
ies and risk factor studies, in addition to unraveling
other factors that could explain the age-related increase
of dementia risk.
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Additional file

Additional file 1: Table S1. The positive predictive value (PPV) of the
dementia diagnosis in IPCI per age group. Table S2. Incidence rate ratios
(IRR) of dementia per age group according to risk factor. Table S3.
Association of risk factors with incident dementia per age group. Table
S4. Association of risk factors with incident dementia per age group
(with additional adjustments). Table S5. Association of risk factors with
incident dementia per age group using age as the time scale. Table S6.
Association of risk factors with mortality per age group. Figure S1.
Explanation of limited and continuous follow-up time. Figure S2. Follow-
up (FU) time difference between individuals with and without a risk
factor positive values mean a longer FU time in the individuals without a
risk factor. (DOCX 260 kb)

Abbreviations
AF: Atrial fibrillation; ATC: Anatomical Therapeutic Chemical; DM: Diabetes
mellitus; GP: General practitioner; HR: Hazard ratio; ICPC-1: International
Classification of Primary Care version 1; IPCI: Interdisciplinary Processing of
Clinical Information; IRR: Incidence rate ratios; PY: Person-years; TDP-43: TAR
DNA-binding protein 43

Acknowledgements
We acknowledge the GPs who participated in IPCI for their contribution in
providing data to the IPCI database.

Funding
This work has received support from the EU/EFPIA Innovative Medicines
Initiative Joint Undertaking EMIF grant agreement no. 115372.

Availability of data and materials
All data relevant to the study purpose are within the paper and its additional
files. Original, patient-level data can only be made available in Rotterdam,
the Netherlands, on a case-by-case basis after clearance of such a request by
the Governance Board of IPCI.

Authors’ contributions
PJV created the concept for the manuscript. JL is the head of the primary
care database. MW is the technical scientific programmer and provided the
data. SJL and NL performed the statistical analyses. MM and ABM contributed
to the clinical aspects of the manuscript and the implications of the results. NL
wrote the first and final drafts of the manuscript. All authors contributed to and
approved the final version.

Ethics approval and consent to participate
The present study was approved by the Scientific and Ethical Advisory Board of
the IPCI project (project number: 2015-14). In the Netherlands, consent from an
individual participant is not necessary for analyzing semi-anonymized data from
general practitioner registration networks [15].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Alzheimer Center Amsterdam, Department of Neurology, Amsterdam
Neuroscience, Vrije Universiteit Amsterdam, Amsterdam UMC, PO Box 7057,
1007 MB Amsterdam, the Netherlands. 2Institute of Medical Informatics,
Erasmus University Rotterdam, Rotterdam, the Netherlands. 3Department of
Internal Medicine, Amsterdam UMC, Amsterdam, the Netherlands.
4Department of Medicine and Aged Care, @AgeMelbourne, Royal Melbourne
Hospital, University of Melbourne, Melbourne, Australia. 5Department of
Human Movement Sciences, @AgeAmsterdam, Research Institute

Amsterdam Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam,
the Netherlands. 6Department of Psychiatry & Neuropsychology, School for
Mental Health and Neuroscience, Maastricht University, Maastricht, the
Netherlands.

Received: 12 December 2018 Accepted: 22 April 2019

References
1. World Health Organization and Alzheimer’s Disease International. Dementia

- a public health priority. 2012.
2. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Summary of

the evidence on modifiable risk factors for cognitive decline and dementia:
a population-based perspective. Alzheimers Dement. 2015;11:1–9. https://
doi.org/10.1016/j.jalz.2015.05.016.

3. Kloppenborg RP, van den Berg E, Kappelle LJ, Biessels GJ. Diabetes and
other vascular risk factors for dementia: which factor matters most? A
systematic review. Eur J Pharmacol. 2008;585:97–108. https://doi.org/10.
1016/j.ejphar.2008.02.049.

4. de Bruijn RFAG, Heeringa J, Wolters FJ, Franco OH, Stricker BHC, Hofman A,
et al. Association between atrial fibrillation and dementia in the general
population. JAMA Neurol. 2015;72:1288–94. https://doi.org/10.1001/
jamaneurol.2015.2161.

5. Qiu C, Winblad B, Marengoni A, Klarin I, Fastbom J, Fratiglioni L. Heart failure
and risk of dementia and Alzheimer disease. Arch Intern Med. 2006;166:
1003–8. https://doi.org/10.1001/archinte.166.9.1003.

6. de Bruijn RFAG, Bos MJ, Portegies MLP, Hofman A, Franco OH, Koudstaal PJ,
et al. The potential for prevention of dementia across two decades: the
prospective, population-based Rotterdam Study. BMC Med. 2015;13:1–8.
https://doi.org/10.1186/s12916-015-0377-5.

7. Jorm A, Jolley D. The incidence of dementia: a meta-analysis. Neurology.
1998;51:728–33.

8. Yazdanyar A, Newman AB. The burden of cardiovascular disease in the
elderly: morbidity, mortality, and costs. Clin Geriatr Med. 2009;25:563–vii.
https://doi.org/10.1016/j.cger.2009.07.007.

9. Qiu C, Fratiglioni L. A major role for cardiovascular burden in age-related
cognitive decline. Nat Rev Cardiol. 2015;12:267–77. https://doi.org/10.1038/
nrcardio.2014.223.

10. Kawas CH, Kim RC, Sonnen JA, Bullain SS, Trieu T, Corrada MM. Multiple
pathologies are common and related to dementia in the oldest-old.
Neurology. 2015;85:535–42. https://doi.org/10.1212/WNL.0000000000001831.

11. Kapasi A, DeCarli C, Schneider JA. Impact of multiple pathologies on the
threshold for clinically overt dementia. Acta Neuropathol. 2017;134:1–16.
https://doi.org/10.1007/s00401-017-1717-7.

12. Power MC, Mormino E, Soldan A, James BD, Yu L, Armstrong NM, et al.
Combined neuropathological pathways account for age-related risk of
dementia; 2018. p. 1–13. https://doi.org/10.1002/ana.25246.

13. Corrada MM, Hayden KM, Paganini-Hill A, Bullain SS, DeMoss J, Aguirre C, et
al. Age of onset of hypertension and risk of dementia in the oldest-old: the
90+ study. Alzheimers Dement. 2017;13:103–10. https://doi.org/10.1016/j.jalz.
2016.09.007.

14. Hofer SM, Sliwinski MJ. Understanding ageing. Gerontology. 2001;47:341–52.
https://doi.org/10.1159/000052825.

15. Vlug AE, van der Lei J, Mosseveld BM, van Wijk MA, van der Linden PD,
Sturkenboom MC, et al. Postmarketing surveillance based on electronic
patient records: the IPCI project. Methods Inf Med. 1999;38:339–44.

16. van Bussel EF, Richard E, Arts DL, Nooyens ACJ, Coloma PM, de Waal MWM,
et al. Dementia incidence trend over 1992–2014 in the Netherlands: analysis
of primary care data. PLoS Med. 2017;14:1–13. https://doi.org/10.1371/
journal.pmed.1002235.

17. Lamberts H, Wood M, Hofmans-Okkes IM. International primary care
classifications: the effect of fifteen years of evolution. Fam Pract. 1992;9:
330–9.

18. Chalise P, Chicken E, Mcgee D. Baseline age effect on parameter estimates
in Cox models. J Stat Comput Simul. 2012;82:1767–74. https://doi.org/10.
1080/00949655.2011.595010.

19. Chalise P, Chicken E, Mcgee D. Performance and prediction for varying
survival time scales. Commun Stat Simul Comput. 2013;42:636–49. https://
doi.org/10.1080/03610918.2011.650259.

20. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999;94:496–509.

Legdeur et al. Alzheimer's Research & Therapy           (2019) 11:47 Page 7 of 8

https://doi.org/10.1186/s13195-019-0496-x
https://doi.org/10.1016/j.jalz.2015.05.016
https://doi.org/10.1016/j.jalz.2015.05.016
https://doi.org/10.1016/j.ejphar.2008.02.049
https://doi.org/10.1016/j.ejphar.2008.02.049
https://doi.org/10.1001/jamaneurol.2015.2161
https://doi.org/10.1001/jamaneurol.2015.2161
https://doi.org/10.1001/archinte.166.9.1003
https://doi.org/10.1186/s12916-015-0377-5
https://doi.org/10.1016/j.cger.2009.07.007
https://doi.org/10.1038/nrcardio.2014.223
https://doi.org/10.1038/nrcardio.2014.223
https://doi.org/10.1212/WNL.0000000000001831
https://doi.org/10.1007/s00401-017-1717-7
https://doi.org/10.1002/ana.25246
https://doi.org/10.1016/j.jalz.2016.09.007
https://doi.org/10.1016/j.jalz.2016.09.007
https://doi.org/10.1159/000052825
https://doi.org/10.1371/journal.pmed.1002235
https://doi.org/10.1371/journal.pmed.1002235
https://doi.org/10.1080/00949655.2011.595010
https://doi.org/10.1080/00949655.2011.595010
https://doi.org/10.1080/03610918.2011.650259
https://doi.org/10.1080/03610918.2011.650259


21. R Core Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2017. https://www.r-project.
org/

22. Fay M. rateratio.test: exact rate ratio test. R package version 1.0-2 2014.
https://cran.r-project.org/package=rateratio.test.

23. Therneau T. A package for survival analysis in S. version 2.38. 2015. https://
cran.r-project.org/package=survival.

24. Gray B. cmprsk: subdistribution analysis of competing risks. R package
version 2.2-7 2014. https://cran.r-project.org/package=cmprsk.

25. Barnes DE, Yaffe K. The projected effect of risk factor reduction on
Alzheimer’s disease prevalence. Lancet Neurol. 2011;10:819–28. https://doi.
org/10.1016/S1474-4422(11)70072-2.

26. Kennelly SP, Lawlor BA, Kenny RA. Blood pressure and the risk for dementia-
a double edged sword. Ageing Res Rev. 2009;8:61–70. https://doi.org/10.
1016/j.arr.2008.11.001.

27. Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood
pressure to cognitive function and dementia. Lancet Neurol. 2005;4:487–99.
https://doi.org/10.1016/S1474-4422(05)70141-1.

28. Abell JG, Kivimäki M, Dugravot A, Tabak AG, Fayosse A, Shipley M, et al.
Association between systolic blood pressure and dementia in the Whitehall II
cohort study: role of age, duration, and threshold used to define hypertension.
Eur Heart J. 2018:1–7. https://doi.org/10.1093/eurheartj/ehy288.

29. Anstey KJ, Lipnicki DM, Low L-F. Cholesterol as a risk factor for dementia
and cognitive decline: a systematic review of prospective studies with
meta-analysis. Am J Geriatr Psychiatry. 2008;16:343–54. https://doi.org/10.
1097/01.JGP.0000310778.20870.ae.

30. Sundbøll J, Hováth-Puhó E, Adelborg K, Schmidt M, Pedersen L, Bøtker HE,
et al. Higher risk of vascular dementia in myocardial infarction survivors.
Circulation. 2017. https://doi.org/10.1161/CIRCULATIONAHA.117.029127.

31. Vos SJB, Van Boxtel MPJ, Schiepers OJG, Deckers K, De Vugt M, Carrière I, et
al. Modifiable risk factors for prevention of dementia in midlife, late life and
the oldest-old: validation of the LIBRA Index. J Alzheimers Dis. 2017;58:537–
47. https://doi.org/10.3233/JAD-161208.

32. Xu W, Qiu C, Gatz M, Pedersen NL, Johansson B. Mid- and late-life diabetes
in relation to the risk of dementia. Diabetes. 2009;58:71–7. https://doi.org/
10.2337/db08-0586.

33. Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of
dementia in diabetes mellitus: a systematic review. Lancet Neurol. 2006;5:
64–74. https://doi.org/10.1016/S1474-4422(05)70284-2.

34. Ahtiluoto S, Polvikoski T, Peltonen M, Solomon A, Tuomilehto J, Winblad B,
et al. Diabetes, Alzheimer disease, and vascular dementia: a population-
based neuropathologic study. Neurology. 2010;75:1195–202. https://doi.org/
10.1212/WNL.0b013e3181f4d7f8.

35. Gomm W, Von Holt K, Thomé F, Broich K, Maier W, Fink A, et al. Association
of proton pump inhibitors with risk of dementia: a
pharmacoepidemiological claims data analysis. JAMA Neurol. 2016;73:410–6.
https://doi.org/10.1001/jamaneurol.2015.4791.

36. Corraini P, Henderson VW, Ording AG, Pedersen L, Horváth-Puhó E,
Sørensen HT. Long-term risk of dementia among survivors of ischemic or
hemorrhagic stroke. Stroke. 2017;48:180–6. https://doi.org/10.1161/
STROKEAHA.116.015242.

37. Mielke MM, Zandi PP, Sjögren M, Gustafson D, Ostling S, Steen B, et al. High
total cholesterol levels in late life associated with a reduced risk of
dementia. Neurology. 2005;64:1689–95. https://doi.org/10.1212/01.WNL.
0000161870.78572.A5.

38. Qiu C, Winblad B, Fratiglioni L. Low diastolic pressure and risk of dementia
in very old people: a longitudinal study. Dement Geriatr Cogn Disord. 2009;
28:213–9. https://doi.org/10.1159/000236913.

39. Trieu T, Sajjadi SA, Kawas CH, Nelson PT, Corrada MM. Risk factors of
hippocampal sclerosis in the oldest old: the 90+ study. Neurology. 2018;91:
e1788–98. https://doi.org/10.1212/WNL.0000000000006455.

40. van Exel E, de Craen AJM, Remarque EJ, Gussekloo J, Houx P, Bootsma-van
der Wiel A, et al. Interaction of atherosclerosis and inflammation in elderly
subjects with poor cognitive function. Neurology. 2003;61:1695–701. https://
doi.org/10.1212/01.WNL.0000098877.07653.7C.

41. Rebeck GW, Perls TT, West HL, Sodhi P, Lipsitz LA, Hyman BT. Reduced
apolipoprotein epsilon 4 allele frequency in the oldest old Alzheimer’s
patients and cognitively normal individuals. Neurology. 1994;44:1513–6.

42. Bangen KJ, Beiser A, Delano-Wood L, Nation DA, Lamar M, Libon DJ, et al.
APOE genotype modifies the relationship between midlife vascular risk

factors and later cognitive decline. J Stroke Cerebrovasc Dis. 2013;22:1361–9.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.03.013.

43. Perna L, Mons U, Brenner H, Rujescu D, Kliegel M. Apolipoprotein E e4 and
cognitive function: a modifiable association? Results from two independent
cohort studies. Dement Geriatr Cogn Disord. 2016;41:35–45. https://doi.org/
10.1159/000440697.

44. Noordam R, Aarts N, Verhamme KM, Sturkenboom MCM, Stricker BH, Visser LE.
Prescription and indication trends of antidepressant drugs in the Netherlands
between 1996 and 2012: a dynamic population-based study. Eur J Clin
Pharmacol. 2015;71:369–75. https://doi.org/10.1007/s00228-014-1803-x.

45. Schrijvers EMC, Verhaaren BFJ, Koudstaal PJ, Hofman A, Ikram MA, Breteler
MMB. Is dementia incidence declining? Trends in dementia incidence 15
since 1990 in the Rotterdam Study. Neurology. 2012:1456–63. https://doi.
org/10.1212/WNL.0b013e3182553be6.

46. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart. 2007;93:
1137–46. https://doi.org/10.1136/hrt.2003.025270.

47. Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology of atrial
fibrillation: European perspective. Clin Epidemiol. 2014;6:213–20. https://doi.
org/10.2147/CLEP.S47385.

48. Walters K, Hardoon S, Petersen I, Iliffe S, Omar RZ, Nazareth I, et al.
Predicting dementia risk in primary care: development and validation of the
dementia risk score using routinely collected data. BMC Med. 2016;14:1–12.
https://doi.org/10.1186/s12916-016-0549-y.

49. Sharma M, Nazareth I, Petersen I. Trends in incidence, prevalence and
prescribing in type 2 diabetes mellitus between 2000 and 2013 in primary
care: a retrospective cohort study. BMJ Open. 2016;6. https://doi.org/10.
1136/bmjopen-2015-010210.

50. Bots ML, Looman SJ, Koudstaal PJ, Hofman A, Hoes AW, Grobbee DE, et al.
Prevalence of stroke in the general population. The Rotterdam Study.
Stroke. 1996;27:1499–501. https://doi.org/10.1161/01.STR.27.9.1499.

51. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. Global
disparities of hypertension prevalence and control. Circulation. 2016;134:
441–50. https://doi.org/10.1161/CIRCULATIONAHA.115.018912.

52. Tóth PP, Potter D, Ming EE. Prevalence of lipid abnormalities in the United
States: the National Health and Nutrition Examination Survey 2003–2006. J
Clin Lipidol. 2012;6:325–30. https://doi.org/10.1016/j.jacl.2012.05.002.

53. Steinhagen-Thiessen E, Bramlage P, Lösch C, Hauner H, Schunkert H, Vogt A,
et al. Dyslipidemia in primary care - prevalence, recognition, treatment and
control: data from the German Metabolic and Cardiovascular Risk Project
(GEMCAS). Cardiovasc Diabetol. 2008;7:1–11. https://doi.org/10.1186/1475-
2840-7-31.

54. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart
disease and stroke statistics - 2017 update: a report from the American
Heart Association. 2017;135. https://doi.org/10.1161/CIR.0000000000000485.

Legdeur et al. Alzheimer's Research & Therapy           (2019) 11:47 Page 8 of 8

https://www.r-project.org/
https://www.r-project.org/
https://cran.r-project.org/package=rateratio.test
https://cran.r-project.org/package=survival
https://cran.r-project.org/package=survival
https://cran.r-project.org/package=cmprsk
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1016/j.arr.2008.11.001
https://doi.org/10.1016/j.arr.2008.11.001
https://doi.org/10.1016/S1474-4422(05)70141-1
https://doi.org/10.1093/eurheartj/ehy288
https://doi.org/10.1097/01.JGP.0000310778.20870.ae
https://doi.org/10.1097/01.JGP.0000310778.20870.ae
https://doi.org/10.1161/CIRCULATIONAHA.117.029127
https://doi.org/10.3233/JAD-161208
https://doi.org/10.2337/db08-0586.
https://doi.org/10.2337/db08-0586.
https://doi.org/10.1016/S1474-4422(05)70284-2
https://doi.org/10.1212/WNL.0b013e3181f4d7f8
https://doi.org/10.1212/WNL.0b013e3181f4d7f8
https://doi.org/10.1001/jamaneurol.2015.4791
https://doi.org/10.1161/STROKEAHA.116.015242
https://doi.org/10.1161/STROKEAHA.116.015242
https://doi.org/10.1212/01.WNL.0000161870.78572.A5
https://doi.org/10.1212/01.WNL.0000161870.78572.A5
https://doi.org/10.1159/000236913
https://doi.org/10.1212/WNL.0000000000006455
https://doi.org/10.1212/01.WNL.0000098877.07653.7C
https://doi.org/10.1212/01.WNL.0000098877.07653.7C
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.03.013
https://doi.org/10.1159/000440697
https://doi.org/10.1159/000440697
https://doi.org/10.1007/s00228-014-1803-x
https://doi.org/10.1212/WNL.0b013e3182553be6
https://doi.org/10.1212/WNL.0b013e3182553be6
https://doi.org/10.1136/hrt.2003.025270
https://doi.org/10.2147/CLEP.S47385
https://doi.org/10.2147/CLEP.S47385
https://doi.org/10.1186/s12916-016-0549-y
https://doi.org/10.1136/bmjopen-2015-010210
https://doi.org/10.1136/bmjopen-2015-010210
https://doi.org/10.1161/01.STR.27.9.1499
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.1016/j.jacl.2012.05.002
https://doi.org/10.1186/1475-2840-7-31
https://doi.org/10.1186/1475-2840-7-31
https://doi.org/10.1161/CIR.0000000000000485

