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Abstract Whether antiplatelet agents have a preventive ef-
fect on cognitive function remains unknown. We examined
the potential association between the use of cilostazol, an
antiplatelet agent and cyclic adenosine monophosphate
phosphodiesterase 3 inhibitor, and the risk of dementia in
an Asian population. Patients initiating cilostazol therapy
between 1 January 2004 and 31 December 2009 without a
prior history of dementia were identified from Taiwan's
National Health Insurance database. Participants were
stratified by age, sex, comorbidities, and comedication.
The outcome of interest was all-cause dementia (ICD-9-
CM codes 290.0, 290.4, 294.1, 331.0). Cox regression
models were used to estimate the hazard ratio (HR) of
dementia. The cumulative cilostazol dosage was stratified
by quartile of defined daily doses using no cilostazol use as
a reference. A total of 9148 participants 40 years of age or
older and free of dementia at baseline were analyzed.

Patients using cilostazol (n = 2287) had a significantly de-
creased risk of incident dementia compared with patients
not using the drug [n = 6861; adjusted HR (aHR) 0.75;
95% confidence interval (CI) 0.61–0.92]. Notably,
cilostazol use was found to have a dose-dependent associ-
ation with reduced rate of dementia emergence (p for
trend = 0.001). Subgroup analysis identified a decline of
dementia in cilostazol users with diagnosed ischemic heart
disease (aHR 0.44, 95% CI 0.24–0.83) and cerebral vascu-
lar disease (aHR 0.34, 95% CI 0.21–0.54). These observa-
tions suggest that cilostazol use may reduce the risk to
develop dementia, and a high cumulative dose further de-
creases the risk of dementia. These findings should be ex-
amined further in randomized clinical trials.
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Introduction

The proportion of elderly people in the total population of
Taiwan has risen continually over the last 3 decades (from
4.1% in 1980 to 11.5% in 2013), and is estimated to reach
20% by 2025 [1], the highest rate of aging in the world [2].
With the rapid increase in the proportion of the elderly world-
wide, the global prevalence of dementia is expected to in-
crease dramatically by 2050, with Asia estimated to increase
by 59% [3]. There is currently no preventive or restorative
treatment for loss of cognition culminating in dementia in
the elderly [4, 5]. Cognitive decline has been associated with
the accumulation ofβ-amyloid (Aβ) in brain parenchyma and
vasculature, as well as cerebral ischemia. These 2 pathogenic
mechanisms often coexist, and their contributions likely vary
among different patients [6], making it difficult to determine
causation. Therefore, an effective and optimal therapeutic
strategy would ideally target both mechanisms by attenuating
the accumulation of Aβ and improving cerebral circulation, to
ensure its metabolic needs are met.

Cilostazol is an antiplatelet drug that inhibits the activity of
cyclic adenosine monophosphate (cAMP) phosphodiesterase
type 3 and is prescribed clinically for the prevention of cere-
bral ischemia [7, 8]. It reportedly exerts a protective effect on
endothelium and sustains blood flow via endothelium-
independent vasodilatation [9, 10]. In addition, cilostazol has
been shown to decrease accumulation of Aβ and protect
against Aβ-induced cognitive deficits in an experimental
model [11].

This study investigated the potential risk–benefit ratio of
using cilostazol to reduce risk of dementia in a large Asian
population (Taiwan National Health Insurance Database).
Comparisons were made for cumulative cilostazol usage
among all patients without prior history of dementia. We hy-
pothesized that cilostazol, a phosphodiesterase 3 inhibitor,
might decrease the risk of all-cause dementia.

Materials and methods

Data Source

The present study was conducted using claims data from
Taiwan’s National Health Insurance Research Database
(NHIRD), which is managed by the National Health
Research Institute in Taiwan. The National Health Insurance
(NHI) program reimburses healthcare costs of 99% of
Taiwan’s population (approximately 23 million people). The
NHIRD contains comprehensive healthcare information for
all of Taiwan’s insured individuals, including demographic
data, dates of clinical visits, diagnostic codes, and prescription
details. For this study, we tapped a subset of NHIRD known as
the Longitudinal Health Insurance Database (LHID) 2000.

This subset contains historical ambulatory and inpatient care
data for 1 million randomly sampled beneficiaries enrolled
into the NHI system in the year of 2000. The LHID 2000
database allows researchers to follow up the medical service
utilization of these 1 million subjects. According to the
National Health Research Institute, there are no statistically
significant differences in age, sex, or healthcare costs between
the LHID 2000 and NHIRD.

Study Patients

We identified patients who had ever taken cilostazol for at
least 3 months between 1 January 2004 and 31 December
2009 for a cilostazol cohort. Cilostazol tablets are indicated
for the reduction of symptoms of intermittent claudication in
individuals with peripheral vascular diseases according to
Taiwan’s NHI guidelines. Clinicians usually start patients on
cilostazol 50 mg twice daily and then titrate this to full dose
(100 mg twice daily). This cohort of cilostazol users was pro-
pensity matched with a comparison cohort, which consisted of
patients who had never been treated with cilostazol, randomly
sampled from the remaining subjects of the LHID 2000 data
set and matched (1:3) on the basis of propensity score, includ-
ing age, sex, index year, comorbidities, Charlson's index
score, and comedications. The date of first use of cilostazol
for each patient was defined as index date. To be included, no
study subject could have been treated with any cilostazol ther-
apy for 12 months prior to the first prescription (index date).
Subjects were also excluded if they were under 40 years of age
or over 90 years of age (n = 508,291), had all-cause dementia
diagnosed before the index date (n = 4656), had a cumulative
cilostazol usage duration of less than 3 months (n = 2635), or
had incomplete follow-up insurance data (n = 737) (Fig. 1).

Cumulative Exposure of Cilostazol

Drug usage information was obtained from the outpatient phar-
macy prescription database and included prescribed drug dos-
age, date of prescription, number of days supplied, and total
number of pills dispensed. As patients might discontinue or
restart drug therapy, the analyses assumed that patients' expo-
sure to cilostazol contributed both cumulatively and continu-
ously to their long-term risk of dementia. Defined daily dose
(DDD) is the assumed average maintenance dose per day for a
drug used for its main indication in adults [12]. To investigate
the effect of dose, the cumulative use of cilostazol was calcu-
lated as total prescribed DDD (i.e., the same as total dispensed
DDD under this system). The cumulative cilostazol dosage was
calculated at the time a dementia event occurred and represents
a total of DDD from drug initiation to the day before hospital-
ization for that event. For those whowere still at risk (event-free
and uncensored) in the cohort, the cumulative doses were re-
corded and ranked at each event. Participants were then
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classified into mutually exclusive dosage categories based on
the quartiles of cumulative dosage distribution [13]. As time
passed and the accumulated cilostazol dosage changed during
the follow-up period, a participant could be reassigned to either
a higher or a lower quartile.

Diagnosis of Dementia

The outcome of interest was a diagnosis of ICD-9-CM, either
290.0 (Seni le dementia , uncomplicated) , 290.4x
(Arteriosclerotic dementia), 294.1 (Dementia in conditions
classified elsewhere), or 331.0 (Alzheimer disease). A diagno-
sis of dementia was based on at least 2 outpatient visits or at
least 1 inpatient visit with a diagnosis of dementia listed on the
submitted claims filing. Patients were followed from the index
date to the earliest occurrence of dementia, death, disenrollment
from the national health insurance program, or the end of the
study date (31 December 2010), whichever came first. This
study was approved by the Institutional Review Board of
Kaohsiung Medical University Hospital (KMUHIRB-
EXEMPT (II)-20160028). Because the patient identifiers were
scrambled before their data were used for research purposes to
protect confidentiality, the requirement for written or verbal
consent from patients for data linkage was waived.

Covariates

Inpatient and outpatient claim filings from the year prior to the
index date were used to obtain information on comorbidities,
including diabetesmellitus (ICD-9-CM:250.xx), hypertension
(ICD-9-CM:401x), hyperlipidemia (ICD-9-CM:272x), pe-
ripheral vascular disease (ICD-9-CM:443), ischemic heart dis-
ease (ICD-9-CM: 433-438), depression (ICD-9-CM: 296.x-,
300.4, 311), ischemic stroke (ICD-9-CM:433-438), and
Charlson’s index score. Demographic data collected were

age and sex. Comorbidities were defined in a patient if he or
she was diagnosed for any of the aforementioned diseases on
at least 2 outpatient claims or 1 inpatient claim during the
exposure period. To control for confounding agents, we in-
cluded drugs that could potentially accelerate or reduce in-
flammation or cognitive function in the model. These drugs
were anticoagulants, antiplatelet agents, antidiabetic agents,
antihypertensive agents, and statins. Exposure to these drugs
was defined as having a prescription of one of them at least
1 day and calculated from the index date to the occurrence of
any event related to this study, being disenrolled from the NHI
program, death, or the end of the study period (31 December
2010), whichever came first.

Statistical Analysis

Pearson’s χ2 test was performed to evaluate differences in
categorical data between the cilostazol cohort and comparison
cohort, including demographic data and comorbidities.

Cox proportional hazards regression analysis was per-
formed to examine the risk of dementia in the cilostazol
cohort versus the comparison cohort during the follow-
up period. The DDDs recommended by the World
Health Organization were used to quantify the use of
cilostazol. Cumulative DDD was estimated as the sum
of dispensed DDDs of cilostazol from 1 January 2004
to the date of dementia diagnosis or until the end of the
study. The patients on cilostazol were categorized into
low-dose (<86 DDDs), moderate-dose (86–217 DDDs),
and high-dose (>217 DDDs) users. Several covariables,
including age, sex, comorbidities, and comedication,
were adopted in the statistical analysis model. Hazard
ratios (HR) and 95% confidence intervals (CIs), using
the comparison cohort as the reference, were calculated
to show the risk of dementia in patients on cilostazol

Cilostazol cohort 
(N=2287) 

109 events (4.8%) 

National Health Insurance Research database in 2000 
(1996-2010) sample population between 2004 and 2009. 

Study population selected from 
Jan 1, 2004 to Dec 31, 2009.

Comparison cohort 
(N=6861) 

586 events (8.5%) 

(Matching with propensity score for 1:3) 

Excluding: 
1. Age < 40 years old or age>90 years oid 

(N=508,291) 
2. Patient diagnosed all cause dementia before index 

date (N=4,656) 
3. Demographic data incomplete (N=737) 
4. Cilostazol cohort usage cumulative days < 3 

months (N=2,635) 

Fig. 1 Study flowchart
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and in the dose–response analysis. Subgroup analysis
was performed restricted to patients older than 60 years,
who were more likely to develop dementia.

A Kaplan–Meier curve was used to estimate the probability
of all-cause dementia, and log-rank test was used to evaluate
the differences between with cilostazol cohort and comparison
cohort. All statistical operations were performed using the
SAS 9.3 statistical package (SAS Institute, Cary, NC, USA);
all p-values were 2-sided, and p < 0.05 was considered
significant.

Results

A total of 2287 patients initiating cilostazol from 1 January
2004 to 31 December 2009 were included (Fig. 1). After pro-
pensity score matching, 2287 cilostazol users were matched
with 6861 noncilostazol users. As can be seen in Table 1, a
summary of characteristics of cilostazol users and nonusers,
all covariates were comparable after matching. In total, 109
(4.8%) of cilostazol users, who were followed for an average
of 3.3 years, developed all cause dementia; 586 (8.5%) of

Table 1 Demographic data for
cilostazol cohort and comparison
cohort (n = 9148)

Variables Comparison cohort (n = 6861) Cilostazol cohort (n = 2287) p-value

n % n %

Age (years)

< 65 2425 35.3 797 34.8 0.667

≥ 65 4436 64.7 1490 65.2

Sex

Female 3274 47.7 1067 46.7 0.378

Male 3587 52.3 1220 53.3

Comorbidities

Diabetes 4047 59.0 1358 59.4 0.740

Hyperlipidemia 3483 50.8 1174 51.3 0.638

Hypertension 5540 80.7 1808 79.1 0.078

Depression 967 14.1 296 12.9 0.167

Ischemic heart disease 833 12.1 308 13.5 0.096

Cerebral vascular disease 1416 20.6 478 20.9 0.789

Charlson's index score

≤ 1 2019 29.4 681 29.8 0.696

2 1409 20.5 484 21.2

≥ 3 3433 50.0 1122 49.1

Medication

Anticoagulant agents 115 1.7 45 2.0 0.357

Antiplatetet agents 1234 18.0 441 19.3 0.165

Antidiabetic agents 3174 46.3 1046 45.7 0.663

Antihypertension agents 4866 70.9 1595 69.7 0.283

Statin 1529 22.3 539 23.6 0.204

Table 2 The risk of all-cause
dementia between cilostazol co-
hort and comparison cohort

Case no. % cHR (95% CI) p-
value

aHR (95% CI) p-
value

Comparison cohort (n = 6861) 586 8.5 Ref. Ref.

Cilostazol cohort (n = 2287) 109 4.8 0.77 (0.63–0.95) 0.015 0.75 (0.61–0.92) 0.006

<86 DDDs (N= 763) 40 5.2 0.90 (0.65–1.24) 0.527 0.88 (0.64–1.22) 0.448

86–217 DDDs (N= 762) 38 5.0 0.91 (0.65–1.26) 0.567 0.92 (0.66–1.27) 0.602

>217 DDDs (N= 762) 31 4.1 0.57 (0.40–0.82) 0.002 0.53 (0.37–0.76) 0.001

p for trend 0.003 0.001

Adjusted for age, sex, all comorbidities, and history of medication. cHR = crude hazard ratio; CI = confidence
interval; aHR = adjusted hazard ratio; DDD = defined daily dose.
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noncilostazol users, who were followed for an average of
4.5 years, developed all-cause dementia. Cox proportional
hazard regression analysis revealed that cilostazol users were
23% less likely to develop dementia than the matched non-
users (crude HR 0.77, 95% CI 0.63–0.95; p = 0.015). The
decreased risk of dementia remained significant after
adjusting for potential confounders (adjusted HR 0.75, 95%
CI 0.61–0.92; p = 0.006) (Table 2).

We further evaluated cilostazol as a dose-dependent factor
for dementia by dividing the patients into 3 subgroups based
on cumulative DDD of cilostazol (low dose: < 86 DDDs;
moderate dose: 86–217 DDDs; high dose: > 217 DDDs).
Incidence of dementia was 5.2%, 5.0%, and 4.1% in the
low-dose, moderate-dose, and high-dose groups, respectively.
Their adjusted HRs for developing dementia were 0.88 (95%
CI 0.64–1.22; p = 0.448), 0.92 (95%CI 0.66–1.27; p = 0.602),
and 0.53 (95% CI 0.37–0.76; p = 0.001), respectively, after
adjusting for potential confounders (p for trend = 0.001)
(Table 2). Based on these findings, high-dose cilostazol sig-
nificantly and dose dependently decreased the risk of demen-
tia. These findings were similar restricted to patients aged ≥
60 years (Table S1; see Supplementary Material). Figure 2
illustrates all-cause dementia by use and DDD of cilostazol.

Compared with non-cilostazol users, male cilostazol users
were at significantly lower risk of dementia (HR 0.58, 95% CI
0.43–0.80), but female users were not (HR 0.91, 95% CI
0.69–1.20) (p-value for interaction = 0.039) (Table 3). In ad-
dition, cilostazol users over 65 years of age were at signifi-
cantly lower risk of dementia (HR 0.69, 95% CI 0.56–0.86),
but those younger were not (HR 1.49, 95% CI 0.81–2.76) (p-
value for interaction = 0.021). The effect of cilostazol use on
dementia was significantly different among patients who had
cerebral vascular disease and those who did not have that
disease (HR 0.34, 95% CI 0.21–0.54) (p-value for interaction

< 0.001), but that effect did not differ significantly among
those who had other comorbidities or not. In addition, regard-
less of whether cilostazol users were taking other medications
or not, they had a lower risk of dementia than nonusers, al-
though the difference between groups was not significant
(Table 3).

Discussion

This study found a significant association between cilostazol
use and a decreased risk of dementia among patients without
prior history of dementia. We found a dose–response relation-
ship between cilostazol use and risk of dementia. In addition,
the effect was predominant among men aged older than
65 years with cerebral vascular disease. To the best of our
knowledge, this is the first population-based, propensity-
matched cohort study to explore the link between cilostazol
use and the risk of dementia.

Cilostazol, a selective inhibitor of cyclic nucleotide phos-
phodiesterase 3, has many pharmacological activities, includ-
ing anti-inflammatory, antioxidative, and antiapoptotic effects
in the brain [14]. It has been found to be beneficial in the
treatment of ischemic heart disease and poststroke patients
[15–17]. In addition, cilostazol has been found to prevent
cerebral hypoperfusion-induced cognitive impairment and
white matter damage induced by occluding the common ca-
rotid artery by bilateral ligation in rats [18]. In a recent trans-
lational overview, phosphodiesterase inhibitors were reported
to enhance cAMP and/or cyclic guanosine monophosphate
signaling by reducing the degradation of these cyclic nucleo-
t ides [19]. As both cAMP and cycl ic guanosine
monophosphate signaling are essential to a variety of cellular
functions, including neuroplasticity and neuroprotection,

Fig. 2 All-cause dementia by (a) use and (b) defined daily doses (DDDs) of cilostazol
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Phosphodiesterase inhibitors are receiving increased research
attention for their potential use in the treatment age-related
cognitive decline, as well as dementia in animals and humans
[19, 20]. Cilostazol could potentially be used to prevent

neuronal death and cognitive impairment as it has been found
to exert a protective effect on cognitive decline in patients with
cerebral infarctions [21], and in rat models of chronic cerebral
hypoperfusion [22–24]. One possible mechanism for its effect

Table 3 The risk of all-cause
dementia between cilostazol
cohort and comparison cohort
split by comorbidities (n = 9148)

Comparison cohort Cilostazol cohort Cilostazol cohort vs comparison cohort Interaction

No. cases % No. cases % Adjusted HR (95% CI) p-value p-value

Sex

Female 290 8.9 64 6.0 0.91 (0.69–1.20) 0.505 0.039

Male 296 8.3 45 3.7 0.58 (0.43–0.80) 0.001

Age (years)

< 65 42 1.7 14 1.8 1.49 (0.81–2.76) 0.199 0.021

≥ 65 544 12.3 95 6.4 0.69 (0.56–0.86) 0.001

Comorbidities

Diabetes

No 239 8.5 46 5.0 0.76 (0.55–1.05) 0.093 0.709

Yes 347 8.6 63 4.6 0.74 (0.56–0.96) 0.026

Hyperlipidemia

No 332 9.8 56 5.0 0.64 (0.48–0.85) 0.002 0.191

Yes 254 7.3 53 4.5 0.91 (0.67–1.22) 0.525

Hypertension

No 74 5.6 14 2.9 0.63 (0.35–1.11) 0.110 0.492

Yes 512 9.2 95 5.3 0.77 (0.62–0.96) 0.022

Depression

No 477 8.1 89 4.5 0.75 (0.60–0.94) 0.012 0.876

Yes 109 11.3 20 6.8 0.76 (0.47–1.22) 0.252

Ischemic heart disease

No 490 8.1 98 5.0 0.81 (0.65–1.00) 0.055 0.125

Yes 96 11.5 11 3.6 0.44 (0.24–0.83) 0.011

Cerebral vascular disease

No 382 7.0 89 4.9 1.01 (0.80–1.28) 0.932 <0.001

Yes 204 14.4 20 4.2 0.34 (0.21–0.54) <0.001

Medication

Anticoagulant agents

No 565 8.4 106 4.7 0.76 (0.62–0.94) 0.010 0.576

Yes 21 18.3 3 6.7 0.31 (0.09–1.12) 0.074

Antiplatetet agents

No 465 8.3 87 4.7 0.77 (0.61–0.97) 0.026 0.528

Yes 121 9.8 22 5.0 0.66 (0.42–1.04) 0.073

Antidiabetic agents

No 323 8.8 63 5.1 0.75 (0.57–0.99) 0.040 0.742

Yes 263 8.3 46 4.4 0.74 (0.54–1.02) 0.063

Antihypertension agents

No 145 7.3 23 3.3 0.57 (0.36–0.88) 0.012 0.253

Yes 441 9.1 86 5.4 0.82 (0.65–1.04) 0.094

Statin

No 482 9.0 88 5.0 0.93 (0.58–0.92) 0.007 0.798

Yes 104 6.8 21 3.9 0.86 (0.54–1.39) 0.544

Adjusted for age, sex, comorbidities, and history of medication. Values in bold are significant. HR = hazard ratio;
CI = confidence interval
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may be increased cerebral blood flow and the subsequent pre-
vention of demyelination or microinfarction of the cerebral
white matter, though this has not been observed in neuroim-
aging studies in either rats with chronic cerebral hypoperfu-
sion [23], or patients with Alzheimer’s disease (AD) [25]. One
retrospective study reported that cilostazol improved cogni-
tive function in patients with mild cognitive impairment
[26]. A pilot study of 10 patients withmoderate AD conducted
in a clinical setting reported that cilostazol slowed the trajec-
tory of cognitive decline when coadministered with donepezil
after an average follow-up period of 9.4 months [20]. It should
also be noted that cilostazol is being investigated in a clinical
phase IV study examining the effects of cilostazol augmenta-
tion in patients with mild-to-moderate AD in whom subcorti-
cal white matter hyperintensities were treated with the acetyl-
cholinesterase inhibitor donepezil [27]. It has also been report-
ed to suppress effectively cognitive decline in patients with
mild dementia receiving donepezil, but not in those with mod-
erate and severe dementia [28].

This study also found the effect of cilostazol use on the risk
of dementia to be notable among patients with ischemic heart
disease (56% risk reduction) and those with cerebral vascular
disease (66% risk reduction). Sakurai et al. [29] conducted a
pilot study with a sample of 20 patients with mild-to-moderate
AD and cerebrovascular disease who received daily cilostazol
100 g (n = 11), or daily clopidogrel or aspirin (n = 9) for
6 months. The patients with cilostazol treatment showed no
further cognitive decline, while those with clopidogrel or as-
pirin treat did. The effect of cilostazol on dementia may come
about through its improvement in blood flow, though further
studies are needed to confirm this possibility. However, de-
spite the positive effect of cilostazol on dementia, the Food
and Drug Administration has announced that patients with
class III–IV heart failure who use cilostazol, inhibitors of
phosphodiesterase 3, and several of its metabolites, do not
survive as long as the same type of patients taking a placebo
[30]. Thus, future studies should focus on both its efficacy and
safety.

This study has some limitations. It is limited by the possi-
bility of residual confounding and the potential for confound-
ing by indication on claims files. To minimize the inherent
bias of the observational study, we identified the study drug
exposure and comorbidities of the patients before the index
date and propensity matched them to form a comparison
group. This would increase comparability of both study
groups. Another limitation is that this study is based on claims
data that do not include data on other risk factors for dementia
(e.g., ApoE4 allele carrier, educational level, or lifestyle fac-
tors). Another limitation is that we were not able to differen-
tiate between different etiologies of dementia, such as the
dementia that occurs during the course of AD or vascular
dementia. Thus, there was a high rate of diagnoses of unspec-
ified and mixed dementia among the claims filings.

In conclusion, this prospective cohort study found that
cilostazol, which affects both cerebral circulation and Aβme-
tabolism, may reduce the risk of dementia, a disease for which
no treatments currently exist. Our results highlight the need
for large-scale, double-blind, long-term studies to clarify the
therapeutic response of cilostazol on the preservation of cog-
nitive function in patients with dementia.
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