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Background. The effect of calcium channel blockers
(CCB) on mortality and ischaemic stroke risk in
dementia patients is understudied.

Objectives. To calculate the risk of death and ischae-
mic stroke in dementia patients treated with CCBs,
considering individual agents and dose response.

Methods. Longitudinal cohort study with 18 906
hypertensive dementia patients from the Swedish
Dementia Registry (SveDem), 2008–2014. Other
Swedish national registries contributed informa-
tion on comorbidities, dispensed medication and
outcomes. Individual CCB agents and cumulative
defined daily doses (cDDD) were considered.

Results. In patients with hypertension and dementia,
nifedipine was associated with increased mortality
risk (aHR 1.32; CI 1.01–1.73; P < 0.05) compared
to non-CCB users. Patients diagnosed with Alzhei-
mer’s dementia (AD) or dementia with Lewy bod-
ies/Parkinson’s disease dementia (DLB-PDD)
taking amlodipine had lower mortality risk (aHR,
0.89; CI, 0.80–0.98; P < 0.05 and aHR 0.58; CI,
0.38–0.86; P < 0.01, respectively), than those tak-
ing other CCBs. Amlodipine was associated with
lower stroke risk in patients with Alzheimer’s
dementia compared to other CCBs (aHR 0.63; CI,
0.44–0.89; P < 0.05).Sensitivity analyses with
propensity score-matched cohorts repeated the
results for nifedipine (aHR 1.35; 95% CI, 1.02–
1.78; P < 0.05) and amlodipine in AD (aHR, 0.87;
CI, 0.78–0.97; P < 0.05) and DLB-PDD (aHR, 0.56,
95%CI, 0.37–0.85; P < 0.05).

Conclusion. Amlodipine was associated with reduced
mortality risk in dementia patients diagnosed with
AD and DLB-PDD. AD patients using amlodipine
had a lower risk of ischaemic stroke compared to
other CCB users.

Keywords: dementia, antihypertensive drugs, stroke,
mortality, calcium, alzheimer’s disease.

Introduction

Mortality and the risk of ischaemic stroke are
higher in dementia patients compared to their
cognitively intact peers [1–4]. Modifiable risk fac-
tors, such as hypertension, diabetes, hyperlipi-
daemia, obesity and smoking, are frequent in
patients with dementia and contribute to dementia
risk [5].

Calcium channel blockers (CCB) are classified
based on their pharmacological properties in three
groups, phenylalkylamines, benzothiazepines and
dihydropyridines (DHP). The three groups have
different vascular selectivity, with dihydropyridi-
nes displaying high affinity towards calcium chan-
nels in vascular smooth muscles compared to
phenylalkylamines and benzothiazepines high
selectivity in myocardium [6]. Phenylalkylamines
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and benzothiazepines are often referred to as non-
dihydropyridines (non-DHP). Calcium channel
blockers (CCB) are commonly used in clinical
practice for management of hypertension and ang-
ina pectoris. In the non-DHP group, therapeutic
indications extend to the treatment of supraven-
tricular arrhythmias and atrial fibrillation [7]. One
classification, based on individual pharmacological
properties, duration of action and severity and
frequency of adverse effects, divides CCBs in three
generations, with new highly lipophilic agents
sometimes being regarded as the fourth-generation
CCBs [6, 8].

The role of calcium is widely recognized in multiple
cellular mechanisms, serving as an important
intracellular second messenger [9]. This opens a
possible therapeutic role of CCB treatment beyond
the cardiovascular system in a broad spectrum of
neurological disorders [7]. The calcium hypothesis
of Alzheimer’s disease postulates that an alteration
in calcium signalling affects neuronal susceptibil-
ity to apoptotic cell mechanisms and interferes
with proximal pathways of the amyloid cascade by
disrupting amyloid precursor protein metabolism
and Tau phosphorylation [10, 11]. A disruption in
calcium homeostasis could be a common pathway
in neurodegenerative diseases [11].

Studies on the effects of CCBs on cognition and
dementia risk have reported contradictory results,
[12–20] and there are limited data focusing on the
mortality or stroke risk once dementia is estab-
lished [17, 18]. A Cochrane systematic review
provided no convincing evidence for a protective
effect of nimodipine use in AD and vascular
dementia (VaD), which was followed by the Amer-
ican Heart Association (AHA) scientific statement
published in 2016, concluding there were still
insufficient data to make evidence-based recom-
mendations in the general population [21, 22]. The
Systolic hypertension in Europe trial (SYST-EUR)
is the only clinical trial to-date focusing on CCB
use and cognition. The SYST-EUR reported a 50%
reduction in incident AD and VaD in patients aged
60 years or older using nitrendipine [23].

In dementia patients, CCBs could reduce mortality
risk not only through their systemic antihyperten-
sive effect, but also through a putative effect on
neurodegeneration. Prior studies did not have
sufficient sample size to conduct detailed analyses
of individual agents or stratify by age, sex and
dementia type. For this reason, the aim of our

study was to use the Swedish Dementia Registry to
investigate the association of CCBs with stroke and
mortality risk in dementia patients, considering
CCB classes, individual agents, cumulative drug
exposure and conducting stratified analyses by
age, sex and dementia type.

Methods

Study population

This registry-based longitudinal cohort study was
conducted on 18 906 dementia patients from the
Swedish Dementia Registry (SveDem) from 2008–
2014. The Swedish Stroke Registry (RiksStroke),
Swedish Prescribed Drug Register (PDR), Swedish
Total Population Register (TPR) and Swedish
National Patient Register (NPR) were merged using
the personal identification number to contribute
comorbidities and outcomes. SveDem is a national
quality registry on incident dementia disorders,
established in 2007, and previously described in
depth [1, 24]. SveDem aims to achieve full coverage
for all dementia diagnoses in Sweden and currently
includes 100% of memory clinics and around 75%
of primary care. In 2018, the estimated coverage of
SveDem was 27 to 46% but information is lacking
on how many patients actually receive a dementia
diagnosis each year in Sweden [1, 24-28]. SveDem
provided demographic information for the cohort,
including age, sex, cognitive evaluation assessed
with the Mini-Mental State Examination (MMSE),
body mass index and type of dementia diagnosis at
baseline (Figure 1, Figure S1). Patients with miss-
ing data on diagnosis or MMSE score at baseline
and those without hypertension were excluded
(Fig. 1).

Comorbidities

Comorbidities were collected from the NPR, which
covers> 99% of all inpatient discharges and spe-
cialized outpatient visits [29]. Diagnoses are clas-
sified according to the International Statistical
Classification of Diseases, 10th revision (ICD-10)
[30, 31]. Data were gathered on hypertension (ICD-
10 codes I10-I15), hypertension with organ dam-
age (H35.0, I11.0, I11.9, I12.0, I12.9, I13.0, I13.1,
I13.9, I67.4), diabetes (E10-E14), arrhythmia
(I49.x), atrial fibrillation (I48.x), alcohol-related
diseases (E24.4, F10, G31.2, G62.1, G72.1,
I42.6, K29.2, K70, K86.0, O35.4, P04.3, Q86.0,
T51, Y90, Y91, Z50.2, Z71.4), angina pectoris
(I20.x), renal disease (I12.0, I13.1, N03.2-N03.7,
N05.2-N05.7, N18.x, N19.x, N25.0, Z49.0, Z49.1,
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Z49.2, Z94.0, Z99.2), heart failure (I50.0, I50.1,
I50.9), myocardial infarction (MI) (I21.x, I22.x,
I25.2), respiratory disease (J40-47, J60-67,
J68.4, J70.1, J70.3) and ischaemic stroke from
RiksStroke.

Exposures

Exposure to CCBs was defined as at least one
prescription dispensed in a Swedish pharmacy in
the three years prior to baseline, that is date of
dementia diagnosis. Data on dispensed medication
were extracted from the PDR, which holds infor-
mation on all prescriptions dispensed by

pharmacies, with> 99% coverage throughout Swe-
den from 2005 [31]. Medication is classified based
on the Anatomical Therapeutic Chemical classifi-
cation(ATC) [32]. CCBs (C08) were extracted and
classified following the ATC system [32]. CCBs may
be classified based on their pharmacological prop-
erties in three groups, phenylalkylamines, ben-
zothiazepines and dihydropyridines (DHP).
Following the ATC, CCBs are subdivided into
selective CCBs with mainly vascular effects (with
DHPs within this group – C08CA) vs selective CCBs
with direct cardiac effects (non-DHPs, including
phenylalkylamine and benzothiazepine deriva-
tives-C08D) [32]. The DHP class comprised

SveDem cohort (2007–2015)
n = 58143

18906 pa�ents
1st analysis: 
Propensity score adjusted
CCB users (n = 9003)/non users (n = 9903)

3rd analysis: 
Amlodipine / subgroups

2nd analysis: 
Subgroups and individual agents
Dihydropyridine users (n = 8449)
Non-dihydropyridine users (n = 428)

Dihydropiridine class:
Amlodipine (n = 3878)
Felodipine (n = 3758)
Nifedipine (n = 91)

Non-dihydropiridine class:
Verapamil (n = 217)
Dil�azem (n = 209)

Age:
• <80 (n = 1642)
Sex:
• Women (2242)/ Men (n = 1636)
Demen�a diagnosis: 
• AD (n = 1692), VaD (n = 1025), DLB -PDD (n = 104)

Excluded: Diagnosed before 2008 or a�er 2014 
(n = 9372)

SveDem (2008-2014)
n = 48771

Excluded: Pa�ents with missing diagnosis (n = 30);
Pa�ents with missing data on MMSE score at 
baseline (n = 3833);
Non-hypertensive pa�ents (n = 26002)

Fig. 1 Patient selection. SveDem, Swedish Dementia Registry; n, number of patients; MMSE, Mini-Mental State
Examination; baseline, date at the time of dementia diagnosis; CCBs, Calcium Channel Blockers; AD, Alzheimer’s disease;
VaD, Vascular dementia; DLB-PDD, Dementia with Lewy Bodies-Parkinson’s disease dementia; FTD, Frontotemporal
dementia.
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amlodipine (C08CA01), felodipine (C08CA02),
isradipine (C08CA03), nifedipine (C08CA05),
nimodipine (C08CA06) and lercanidipine
(C08CA13). Non-DHP class included verapamil
(C08DA01) and diltiazem (C08DB01). Short-acting
agents, nifedipine, diltiazem and verapamil are
regarded as a first-generation CCBs and felodipine,
isradipine, nimodipine and first-generation agents
in sustained release (SR) form, as second-genera-
tion CCBs. The third-generation CCBs are the new,
long-lasting DHPs, amlodipine and lercanidipine,
with more gradual onset, fewer side effects and
better tolerance. (Figure 1) [8]. Doses were
expressed as defined daily dose (DDD) [33]. DDD
is by definition the assumed average maintenance
dose per day for a drug used for its main indication
in adults (Table S1) [33]. By translating the cumu-
lative prescribed dose within a time period into
cumulative DDD, different medications which are
normally prescribed at different dosages can be
compared. Cumulative DDD per person was used
within the three-year period prior to dementia to
investigate a dose–response effect.

Information was obtained on other prescribed
medication, including diuretics (C03), b-blockers
(C07), angiotensin-converting enzyme (ACE) inhi-
bitors and angiotensin II antagonists (ARB) (C09),
lipid-modifying agents (C10), antithrombotics
(B01) and nonsteroidal anti-inflammatory drugs
(N02BA01, M01A). The total number of medica-
tions which the patient took at the time of dementia
diagnosis was included as a control variable.

Outcomes

RiksStroke provided data on the occurrence of the
first ischaemic stroke (ICD-10 I63) after dementia
diagnosis [34]. Information on all-cause death was
obtained from the TPR [35].

Statistical analysis

Baseline characteristics between CCB users and
nonusers are presented by number of cases and
percentages for categorical variables and as
mean � SD or median (IQR) for continuous vari-
ables. To assess differences between groups, Pear-
son’s chi-square was used for categorical variables
and Student’s t-test or Mann–Whitney U-test was
used for continuous variables, as appropriate.

Incidence rates with 95% confidence intervals (95%
CI) were calculated using the exact method. We

estimated hazard ratios (HR) and 95% confidence
intervals (CI), using Cox proportional hazard mod-
els, to determine the association between CCBs
and risk of death and ischaemic stroke. The
baseline entry point was considered the time of
dementia diagnosis for a total of 55 045 person-
years of observation. Patients were censored at the
date of first ischaemic stroke, death or the end of
the follow-up (31 December 2014), for the outcome
of stroke. For the outcome of death, patients were
censored at the time of death or the end of follow-
up (29 February 2016). Two models are presented:
adjusted for propensity score (PS) and propensity
score matched for CCB use at baseline. Inclusion of
MMSE score was used to reflect severity of demen-
tia at baseline. Cubic splines were used for age and
MMSE (knots set at age 65, 75 and 85 and MMSE
10, 20 and 25). Potential confounders based on
predicted multicollinearity were excluded. Covari-
ates included in the final propensity score were
age, sex, dementia type, comorbidities (diabetes,
arrhythmia, atrial fibrillation, heart failure, renal
disease, alcohol-related diseases, angina pectoris,
previous myocardial infarction (MI), previous cere-
bral stroke-only used in survival analysis), medi-
cation (b-blockers, angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor (ARB)
blockers, other antihypertensives), statins,
antithrombotics, acetylsalicylic acid, nonsteroidal
anti-inflammatory drugs (NSAIDs)). Multiple differ-
ent interactions between the above factors were
also included. Sensitivity analyses controlling for
body mass index were also performed.

Analyses were done by using all-CCB, DHP and
non-DHP class, individual agent and dose effects.
Schoenfeld residuals were used to assess the
proportional hazards assumption. Piecewise linear
splines were used to graphically model the associ-
ations between cumulative defined daily dose
(cDDD) over the three years prior to dementia
diagnosis and study outcomes. Spline knots were
set with fixed values of DDD distribution (550,
1095, 1645 and 2190), and a DDD 0 was used as
the reference value. The cohort was stratified based
on dementia type, age (two groups with the mean
as a cut-point) and sex. The dementia types
Alzheimer’s disease (AD), vascular dementia
(VaD), mixed dementia, dementia with Lewy bodies
(DLB), Parkinson’s disease with dementia (PDD)
and frontotemporal dementia (FTD) were consid-
ered. AD and mixed dementia were merged into one
group (abbreviated AD). Patients diagnosed with
DLB and PDD were merged into one group as they
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can be considered two syndromes within the same
spectrum (abbreviated DLB-PDD) [36]. Multiplica-
tive interactions between diagnosis type, age, sex
and CCB users in predicting the outcomes were
also explored. Sensitivity analyses were conducted,
using 1:1 PS matching for the outcome of death
and stroke, and Fine–Gray models taking death as
a competing event, for the analysis of stroke.

All statistical tests were two-sided, with P < 0.05
considered as significant. IBM SPSS Statistics for
Windows software, version 25.0 (IBM Corp,
Armonk, NY, USA), SAS, version 9.4 (SAS Institute,
Cary, NC, USA) and Stata version 15.0 (StataCorp,
College Station, TX, USA) were used.

Ethical considerations and participant consent

The regional ethics review board in Stockholm,
Sweden, approved this study (dnr 2015/743–31/
4). This study complies with the Helsinki Declara-
tion. Patients and caregivers were informed of
participation in SveDem upon registration and
could refuse or withdraw consent. Data were
anonymized before analysis.

Results

A total of 18 906 dementia patients were included
in the cohort. In the three years prior to baseline,
9003 (47.6%) patients obtained at least one CCB
prescription. CCB users had more comorbidities
and took more medication compared to nonusers
(Table 1). From baseline to the end of follow-up,
8182 (43.2%) patients died and 749 (3.9%) suf-
fered an ischaemic stroke (Table 1). Amlodipine
(3878; 43.1%) was the most commonly prescribed
individual agent, followed by felodipine, pre-
scribed to 3758 (41.7%) patients. (Fig. 1; Fig-
ure S1).

There was no association between CCB use and
death (adjusted hazard ratio (aHR), 1.02; 95% CI,
0.97–1.06) or ischaemic stroke (aHR, 1.03; 95% CI,
0.89–1.19) compared to nonusers (Fig. 2, Table 2).
Nifedipine (aHR, 1.31; 95% CI, 1.00–1.72) and
felodipine (aHR, 1.06; 95% CI, 1.00–1.12) were
associated with higher risk of death compared to
non-CCB users(Fig. 2, Table 2).

Amlodipine was associated with significantly lower
mortality risk compared to other CCBs (aHR, 0.92;
95% CI, 0.86–0.99), other DHPs (aHR, 0.92; 95%
CI, 0.86–0.99) or felodipine (aHR, 0.93; CI, 0.87–

0.99). Sensitivity analysis, using 1:1 propensity
score matching, confirmed a significant associa-
tion with higher mortality risk for nifedipine when
compared to other CCBs(HR 1.35; 95% CI, 1.02–
1.78;) (Fig. 2, Table 2).

In AD patients, increasing cumulative doses of
amlodipine were associated with reduced risk of
death, up to the dose consistent with taking one
DDD (5 mg daily) for three years (Figure 3). Statis-
tical significance was lost at higher doses, possibly
due to the smaller sample size (Fig. 3c).

In stratified propensity score-adjusted analyses,
amlodipine was associated with significantly lower
risk of death in patients diagnosed with AD (aHR,
0.89; 95% CI, 0.80–0.98) or DLB-PDD (aHR, 0.58;
95% CI, 0.38–0.86), but no association was found
in patients diagnosed with VaD (aHR, 1.02; 95%
CI, 0.90–1.16) compared to other CCB users
(Table S2). Amlodipine was further associated with
significantly lower risk of ischaemic stroke in
patients with AD, compared to other CCB users
(aHR 0.63; CI, 0.44–0.89; P < 0.05). Sensitivity
analysis with 1:1 propensity score matching cohort
produced similar results (Table 2). Sensitivity
analyses controlling for BMI and number of pre-
scribed drugs were not substantially different (re-
sults not presented).

Discussion

In this large Swedish longitudinal open-cohort
study, CCB use in the three years prior to dementia
diagnosis was not associated with mortality, prob-
ably due to the fact that different individual agents
presented different associations with mortality.
Amlodipine was associated with reduced mortality
risk, compared to users of other CCBs, other DHPs
and felodipine. In stratified analyses, this associ-
ation appeared in patients diagnosed with AD and
DLB-PDD and this finding was repeated in sensi-
tivity analyses with propensity score matching.
Furthermore, amlodipine was associated with
lower risk of ischaemic stroke amongst the AD
subgroup (Table 2).

Nifedipine was associated with higher risk of death
compared to nonusers. The results in sensitivity
analyses with propensity score-matched cohorts
were not statistically significant for ischaemic
stroke due to a smaller sample size but pointed at
increased risk with HR 1.87; 95% CI, 0.87–4.00.
This implies that any result between a 13% stroke
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Table 1 Descriptive characteristics of CCB users and nonusers in the dementia cohort

Svedem CCB nonusers % CCB users % P value

Number 9903 52.4 9003 47.6

Women 5863 59.2 5266 58.5 0.320

Age, median (IQR 81.0 (76.0–86.0) 81.0 (76.0–86.0) 0.069

Diagnosis

AD 4520 45.6 3856 42.8 <0.001

VaD 2424 24.5 2467 27.4

DLB-PDD 294 3.0 249 2.8

FTD 96 1.0 84 0.9

Unspecified and other 2569 25.9 2347 26.1

Body mass index,

median (IQR)

24.9 (22.3–28.1) 24.9 (22.4–28.3) 0.430

MMSE score at baseline,

median (IQR)

21.0 (18.0–24.0) 21.0 (18.0–24.0) 0.260

Comorbidities, %

Hypertension with

organ damage

537 5.4 578 6.4 0.004

Diabetes 2137 21.6 2299 25.5 <0.001

Renal disease 447 4.5 573 6.4 <0.001

Respiratory disease 1175 11.9 1024 11.4 0.290

Alcohol-related diseases 354 3.6 294 3.3 0.240

Cerebral stroke 2190 22.1 2228 24.7 <0.001

Atrial fibrillation 2685 27.1 2244 24.9 <0.001

Other arrhythmias 622 6.3 579 6.4 0.670

Heart failure 2016 20.4 1425 15.8 <0.001

Congestive heart

failure

657 6.6 369 4.1 <0.001

Left ventricular

heart failure

286 2.9 169 1.9 <0.001

Heart failure unspecified 1798 18.2 1251 13.9 <0.001

Angina pectoris 2271 22.9 2203 24.5 0.013

Myocardial infarction 1828 18.5 1635 18.2 0.600

Medications (baseline), %

Antithrombotics 7460 75.3 6980 77.5 <0.001

AAS 6980 70.5 6587 73.2 <0.001

NSAID 2797 28.2 2654 29.5 0.061

Hypolipemics 4884 49.3 5340 54.8 <0.001

Non-CCB antihypertensives 9409 95.0 5010 55.6 <0.001

ACE inhibitors/ARB 6086 61.5 8382 93.1 <0.001

b-blockers 6539 66.0 5831 64.8 <0.001

Diuretics 5532 55.9 6123 68.0 0.004

Total number of drugs, median (IQR) 6 (3–8) 6 (4–9) <0.001
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risk reduction to a 4 times higher stroke risk is
reasonably compatible with the data.

Dose–response effects showed the lowest mortality
risk in patients using the equivalent cumulative
dose of one prescribed DDD of amlodipine (equiv-
alent to 5mg) for all three years prior to dementia
diagnosis. This dose response was not present at
higher doses, but the sample of patients taking
higher doses of amlodipine was also smaller.

Previous studies have explored the relationship
between CCBs and the risk of stroke and mortality
in nondementia cohorts, but few considered that
different agents within the group could have dif-
ferential effects on mortality. Even less information
exists specifically in patients with dementia. Many
studies grouped drugs without reporting results for
individual agents, making their results hard to
interpret in the context of the present study. For
instance, the Baltimore Longitudinal Study of
ageing (BLSA) did not report any association with
mortality in DHP and non-DHP users compared to
nonusers [17]. Our results associating non-DHPs
with higher risk of death, especially in verapamil
users, differ from these findings, but the BLSA did
not distinguish between individual agents of the
non-DHP class, thus making it impossible to
assess the origin of the reported effects.

There have been concerns connected to the use of
short-acting CCBs and occurrence of reflex tachy-
cardia and higher mortality risk. The potential
negative effects of nifedipine, one of the oldestCCBs,
have beenwidely discussed in the past, with ameta-
analysis of clinical trials concluding that higher
doses of short-acting nifedipine increased mortality
in patients with coronary disease [37]. These

findings were later refuted by other publications
[38] including the randomized controlled ACTION
trial (HR 1.07; 95% CI 0.91–1.25, P = 0.41) [39]. A
2011 study on hypertensive older patients reported
an association between short-acting nifedipine and
increased risk of stroke [40]. The Canadian Study of
Aging primarily investigated the associations
between CCBs and cognition, but also reported a
higher mortality risk in nifedipine users [18]. Short-
acting CCBs are known for their negative inotropic
properties that could worsen systolic heart failure,
especially in patients with reduced left ventricular
ejection fraction [7, 38]. Reflex sympathetic activa-
tion may also be a problem with long-acting CCBs,
including felodipine and amlodipine [41], although
a more gradual onset of action might attenuate the
negative consequences of these effects.

In our study, nifedipine users had significantly
higher mortality risk. An increase in ischaemic
stroke is also probable, although significance was
lost in the propensity score-matched cohort, pos-
sibly due to lower sample size. However, our data
do not distinguish between short- and long-acting
nifedipine and the reasons for prescription could
be different than for amlodipine. The clinical trial
ALLHAT, with more than 30 000 hypertensive
patients, reported the effects of antihypertensives
on all-cause mortality, stroke and cardiovascular
events. Amlodipine was chosen as a representative
agent for the CCB group. There was no effect of
amlodipine use and all-cause mortality, stroke or
major cardiovascular events, when compared to
diuretics [42]. In contrast, the PREVENT trial
showed that amlodipine use slowed down the
progression of carotid artery atherosclerosis [43].
Another randomized controlled trial, with 19 257
patients, ASCOT-BPLA, reported lower risk of

Table 1 (Continued )

Svedem CCB nonusers % CCB users % P value

Outcome events

Ischaemic stroke after dementia 390 3.9 359 4.0 0.860

Death (baseline-end of follow-up) 4323 43.7 3859 42.9 0.280

CCBs, Calcium Channel Blockers; AD, Alzheimer’s disease; VaD, Vascular dementia; DLB-PDD, Lewy Bodies-Parkinson’s
Disease Dementia; FTD, Frontotemporal dementia; Unspecified and other: unspecified dementia and other miscellaneous
types, such as corticobasal syndrome or alcohol-related dementia; MMSE, Mini-Mental State Examination, AAS,
acetylsalicylic acid, NSAID, nonsteroidal anti-inflammatory drugs; ACE inhibitors, angiotensin-converting enzyme
inhibitors; ARB, angiotensin receptor blockers; baseline, date at the time of dementia diagnosis. Body mass index: missing
n = 6424.
Categorical variables presented as numbers and percentages (%); P values were obtained by using chi-square test. For
results presented as median and interquartile range (IQR), P values were obtained by using Mann–Whitney U-test.
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stroke, all-cause mortality and incidence of dia-
betes in amlodipine compared to atenolol [44].
However, there are limited data on amlodipine use
and the risk of stroke and mortality in dementia
patients. Our results in stratified analyses based
on dementia type revealed an interesting associa-
tion between amlodipine and lower risk of death in
AD and DLB-PDD patients. Furthermore, AD
patients using amlodipine had a significantly lower
risk of ischaemic stroke. To our knowledge, no
studies reported amlodipine use and mortality in
different dementia types and no study to this date
reported a significantly lower risk of ischaemic
stroke in dementia patients using amlodipine. The
superiority of amlodipine compared to other CCBs
in our cohort could lie in its unique pharmacolog-
ical properties. Amlodipine is a slow-release agent
with a longer half-life than other CCBs (35–40h),
making it favourable for patient compliance with
once-per-day dosing [45]. Gradual onset of action
with little inotropic activity in standard therapeutic
dosing lowers adverse effects described in short-
acting CCBs, such as a reflex increase in sympa-
thetic activity and fluctuations in blood pressure,
that could lead to a possible plaque rupture and
higher risk of stroke and mortality [37].

Calcium targets different channels in the central
nervous system, classified into subtypes L, N, P/Q,
R and T [46]. Presynaptic N-type channels are

Fig. 2 Association between CCB use and (a) all-cause
mortality and (b) ischaemic stroke risk in dementia
patients, adjusted for propensity score of CCB treatment.
CCBs, Calcium Channel Blockers; DHPs, dihydropyridi-
nes; baseline, date at the time of dementia diagnosis.
Propensity score (PS) included age, sex, dementia type,
Mini-mental state examination score (MMSE) at baseline,
comorbidities (hypertension with organ damage, diabetes,
arrhythmia, atrial fibrillation, heart failure [congestive
heart failure, left ventricular heart failure and heart failure
unspecified], renal disease, alcohol-related diseases, ang-
ina pectoris, previous myocardial infarction (MI), previous
cerebral stroke – only used in survival analysis), medica-
tion (b-blockers, angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor (ARB) blockers, other
antihypertensives), statins, diuretics, antithrombotics,
acetylsalicylic acid, nonsteroidal anti-inflammatory drugs
(NSAIDs)). Multiple different interactions between the
above factors were also included. For the analysis of
ischaemic stroke, we performed Fine–Gray models taking
death due to stroke causes as a competing event.1

Reference: 1. Austin PC, Fine JP, Practical recommenda-
tions for reporting Fine–Gray model analyses for compet-
ing risk data. Stat Med. 2017 Nov 30;36(27):4391-4400.
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Table 2 Associations of CCB medications and risk of death and ischaemic stroke in Cox proportional hazard models

Survival Ischaemic stroke

No. (events) HR (95% CI) No. (events) Sub HR (95% CI)

Adjusted for propensity score

CCB nonusers 9903 (4323) Ref. 9903 (390) Ref.

CCB vs CCB nonusers

CCB vs

CCB

nonusers

9003 (3859) 1.02 0.97–1.06 9003 (359) 1.03 0.89–1.19

Nifedipine vs

CCB nonusers

91 (53) 1.31* 1.00–1.72 91 (7) 1.78 0.83–3.81

Felodipine vs

CCB nonusers

3758 (1761) 1.06* 1.00–1.12 3758 (164) 1.07 0.89–1.29

Amlodipine vs

CCB nonusers

3878 (1457) 0.94 0.89–1.00 3878 (127) 0.90 0.73–1.10

Verapamil vs

CCB nonusers

217 (103) 1.07 0.88–1.30 217 (12) 1.36 0.76–2.42

Amlodipine vs other CCBs

Other CCBs 4376 (2082) Ref. 4376 (204) Ref.

Amlodipine 3878 (1457) 0.92* 0.86–0.99 3878 (127) 0.80 0.64–1.00

other DHPs 3948 (1864) ref 3948 (180)

Amlodipine 3878 (1457) 0.92* 0.86–0.99 3878 (127) 0.82 0.65–1.03

Felodipine 3758 (1761) ref 3758 (164)

Amlodipine 3878 (1457) 0.93* 0.87–0.99 3878 (127) 0.86 0.70–1.08

Sensitivity analysis using 1:1 propensity score matching

1. PS matching 1:1 CCB/CCB nonusers

CCB nonusers 8113 (3490) Ref. 8168 (328) Ref.

CCB users 8113 (3465) 1.01 0.96–1.06 8168 (322) 1.00 0.85–1.16

Nifedipine

users

82 (49) 1.35* 1.02–1.78 84 (7) 1.87 0.87–4.00

Felodipine

users

3404 (1592) 1.06* 1.00–1.13 3433 (150) 1.06 0.87–1.27

Amlodipine

users

3500 (1298) 0.93* 0.87–0.99 3504 (110) 0.84 0.68–1.05

Verapamil

users

200 (94) 1.10 0.90–1.35 201 (11) 1.33 0.72–2.42

2. PS matching 1:1 Amlodipine/other CCB users

Other CCB users 3642 (1705) Ref. 3635 (162) Ref.

Amlodipine 3642 (1375) 0.90** 0.84–0.97 3635 (119) 0.82 0.65–1.04

AD

Amlodipine 1575 (560) 0.87* 0.78–0.97 1579 (44) 0.61** 0.42–0.87

VaD

Amlodipine 978 (405) 1.01 0.88–1.15 968 (38) 1.07 0.68–1.67
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assumed to be involved in neurotransmitter release
whilst postsynaptic voltage-gated L-type channels
are assumed to be involved in regulation of neu-
ronal excitability [8, 47]. A possible explanation of
our results in the AD andDLB-PDD subgroup could
lie in amlodipine’s potential to block L-type and N-
type calcium channels with similar affinity, [7]
expanding its possible underlying neuroprotective
mechanism beyond the vascular effect. The signif-
icant association with amlodipine and lower mor-
tality risk in AD and DLB-PDD, but not VaD,
supports this hypothesis. However, confounding
by indication is a concern, if patients with less
problems with autonomic dysfunction are more
likely to initiate and tolerate treatment with CCBs
[36]. Since autonomic dysfunction is such a strong
prognostic factor in DLB-PDD, our results should
be treated with caution. Amlodipine’s permeability
through the blood–brain barrier (BBB) is question-
able, compared to other reported lipophilic DHPs
[48]. However, there is growing evidence of an
increase in BBB permeability in ageing, neurode-
generation, hypertension and atherosclerosis [49].
It is possible that the concentration of amlodipine in
the brains of older hypertensive patients and those
with dementia is underestimated.

This study has several strengths and limitations.
One strength is the power of a large cohort and long

follow-up, including 18 906 patients. This allowed
examination of specific therapeutic agents in dif-
ferent dementia types, which was limited in previ-
ous studies.

Confounding by indication has already been men-
tioned as a concern. The patients prescribed med-
ication to prevent cardiovascular disease might be
those expected to live long enough to benefit from
treatment. However, these patients also have higher
comorbidity burden and are at greater risk of death
and cardiovascular events. Asmentioned above, the
inotropic properties of non-DHP and short-acting
CCBs are known to worsen heart failure in patients
with reduced systolic left ventricular function,
which could lead to lower prescription in this
patient group.

A reverse epidemiology phenomenon has previ-
ously been observed with cardiovascular risk fac-
tors, including hypertension, in dementia,
consisting of a paradoxical protective role of these
risk factors in dementia patients [50, 51]. It is
possible that hypertension improves cognition by
aiding brain perfusion and is thus associated with
less cognitive impairment and better prognosis.
Although we attempted to define hypertension with
organ damage as a measure of hypertensive sever-
ity, we did not have information on blood pressure

Table 2 (Continued )

Survival Ischaemic stroke

No. (events) HR (95% CI) No. (events) Sub HR (95% CI)

DLB-PDD

Amlodipine 98 (35) 0.56** 0.37–0.85 95 (6) 1.37 0.47–4.00

AD, Alzheimer’s disease; CCBs, Calcium Channel Blockers; CI, confidence intervals; DHP, dihydropyridines; DLB-PDD,
Dementia with Lewy bodies-Parkinson’s disease dementia; FTD, Frontotemporal dementia.
Propensity score (PS) included age, sex, dementia type, Mini-mental state examination score (MMSE) at baseline,
comorbidities (hypertension with organ damage, diabetes, arrhythmia, atrial fibrillation, heart failure [congestive heart
failure, left ventricular heart failure and heart failure unspecified], renal disease, alcohol-related diseases, angina
pectoris, previous myocardial infarction (MI), previous cerebral stroke – only used in survival analysis), medication (b-
blockers, angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor (ARB) blockers, other antihyperten-
sives), statins, diuretics, antithrombotics, acetylsalicylic acid, nonsteroidal anti-inflammatory drugs (NSAIDs)). Multiple
different interactions between the above factors were also included.
1. For the PS-matched analyses: The first matching was performed with a PS calculated on CCB use vs nonuse. 2.The
second matching was performed with a PS calculated on amlodipine vs other CCB usersHR, hazard ratios; n, number of
patients; non-DHP, non-dihydropyridines; VaD, Vascular dementia.
For the analysis of ischaemic stroke, we performed Fine–Gray models taking death due to stroke causes as a competing
event.1

Reference: 1. Austin PC, Fine JP, Practical recommendations for reporting Fine-Gray model analyses for competing risk
data. Stat Med. 2017 Nov 30;36(27):4391-4400.
* P < 0.05, **P < 0.01, ***P < 0.001.
Bold indicates statistically significant values.
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as a continuous variable, which is an important
factor. Although ICD-10 coding allows for relatively
high level of diagnostic precision, actual coding in
the NPR tends to be less precise, with a large
number of patients receiving ‘unspecified’ diag-
noses, as can be seen with the example of heart
failure in the descriptive tables. We did not have
information on ejection fraction. A greater level of
detail would have been valuable also for the angina

pectoris diagnosis (since microvascular and/or
vasospastic angina may be confounders). For these
reasons, we included analyses comparing different
types of CCBs which would reduce this bias by
restricting analysis to patients with an indication
for treatment. However, different CCBs have differ-
ent indications (e.g. non-DHP such as verapamil
have an indication for rate control in atrial fibril-
lation) which could confound the results.
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Although several indices of potential confounding
were included, our database does not contain ICD-
10 coding information gathered outside hospital
and outpatient specialist units. The prevalence of
some comorbidities could be underestimated, thus
presenting a residual confounding effect. In addi-
tion, we performed PS-matched sensitivity analy-
sis thus increasing the comparability between
groups. Another epidemiological bias is the preva-
lent-user design since data on date of treatment
initiation were not available: nonusers could be
former users who did not tolerate treatment, and
thus not completely comparable to the treated
group.

Because dementia is a gradually progressing con-
dition, different subjects can be diagnosed at
different time-points, leading to bias from mixing
incident and prevalent cases. We did not have a
measure of frailty, so this is a further limitation.
Exposure-based cohorts sometimes suffer from
immortal time bias when they define study entry
at the time of medication exposure. To avoid these
problems, we defined exposure in the three years
leading up to dementia diagnosis and controlled for
MMSE from that point.

Conclusions

Appropriate control of cardiovascular risk factors
is important in patients with dementia. Amlodipine
was associated with lower mortality risk in demen-
tia patients diagnosed with AD and DLB-PDD. AD
patients using amlodipine had lower risk of
ischaemic stroke compared to other CCB users.
Confounding by indication is often a problem in
cohort-based studies on medication, such as this
one. However, based on its favourable safety profile
and antihypertensive properties demonstrated in

clinical trials in the general population, amlodipine
could be a good choice for the treatment of hyper-
tensive patients with dementia, particularly those
with AD, PDD or DLB.
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Figure S2. Dose-response association for cumula-
tive doses of Calcium Channel Blockers with mor-
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regressions.
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models.
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Table S3.Descriptive characteristics of Amlodipine
users and Other CCB users in the dementia cohort.

Table S4. (a) Descriptive characteristics of CCB
users and CCB non-users in the PS 1:1 matched
cohort (death). (b) Descriptive characteristics of

CCB users and CCB non-users in the PS 1:1
matched cohort (stroke). (c) Descriptive character-
istics of Amlodipine users and Other CCB users in
the PS 1:1 matched cohort (death). (d) Descriptive
characteristics of Amlodipine users and Other CCB
users in the PS 1:1 matched cohort (stroke).
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