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Objective: To investigate the effect of telmisartan, rosuvastatin, or their combination on
dementia and to understand the impact of apolipoprotein E (APOE) genotype on the
effect of the medications in older patients with hypertension.

Methods: This is a double-blind, randomized, and placebo-controlled trial using a
2 × 2 factorial design. Between April 2008 and November 2010, 1,244 hypertensive
patients aged ≥60 years without cognitive impairment were recruited from communities
in six cities in Shandong area, China. Patients were randomized into telmisartan
and rosuvastatin administration after a 2-week washout period. APOE genotype was
identified at the baseline. Possible dementia was determined using the combination
of the global cognitive function and Assessment of the Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE).

Results: Over an average follow-up of 7 [interquartile range (IQR): 6.7–7.2] years,
telmisartan and rosuvastatin significantly reduced the cognitive impairment progression
and the incidence of dementia. There was a synergistic interaction between telmisartan
and rosuvastatin to reduce the cognitive impairment and the incidence of dementia
(Padjusted < 0.001). The cognitive impairment progression and the risk of dementia
were higher in the hypertensive patients with APOE ε4 allele than in those without
APOE ε4 allele. Rosuvastatin medication significantly alleviated the cognitive impairment
progression and the risks of dementia in patients with APOE ε4 allele.

Conclusion: The combination of telmisartan and rosuvastatin might be an effective
prevention and/or treatment strategy for cognitive impairment and dementia, especially
in hypertensive patients with the APOE ε4 allele.
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INTRODUCTION

Dementia is an age-related and progressive neurodegenerative
disease characterized by a decline in cognitive function that
affects the quality of life in older adults (Peng et al., 2014;
Sabia et al., 2017). Epidemiological studies reported 47 million
cases of dementia worldwide in 2015 and have predicted
that this will triple by 2050, given the steadily increasing
life expectancy (Prince et al., 2013; Sabia et al., 2017),
placing a heavy burden on individuals, families, and society.
Hence, preventing and delaying the progression of dementia
and cognitive impairment is a global public health issue
(Shah et al., 2016).

Dementia and cognitive impairment are multifactorial
diseases that are most frequently caused by aging, hypertension,
dyslipidemia, and genetic factors (Farao and Iadecola, 2013; Sabia
et al., 2017; Van Middelaar et al., 2018). Although hypertension
is often accompanied by dyslipidemia, it is debatable whether
antihypertensive treatment can improve cognitive outcome in
the elderly (Farao and Iadecola, 2013; Sörös et al., 2013), and
there are no specific classes of antihypertensive agents that have
consistently shown greater efficacy in alleviating dementia or
cognitive impairment (Gorelick et al., 2011; Farao and Iadecola,
2013). Moreover, it is unclear whether lipid-lowering statin
treatment is beneficial, since different studies have reported
conflicting findings (Jick et al., 2000; Hajjar et al., 2002;
Rodrigues et al., 2002).

Sartans are some of the widely used antihypertensive
medications. This popularity of sartans is due to its superior
efficacy and tolerability profiles and the long duration of action.
Sartans have been demonstrated to protect against cognitive
deficits in animal models of Alzheimer’s disease (Kehoe et al.,
2009; Ahmed et al., 2018) and in human beings (Petek et al.,
2018). However, there is an argument on the beneficial effect of
sartans on cognitive decline (Diener et al., 2008; Tsukuda et al.,
2009; Ho and Nation, 2017).

Statins has been recommended by guidelines as the
medication for primary prevention of cardiovascular disease
(Bibbins-Domingo et al., 2016; Mortensen and Nordestgaard,
2018; Arnett et al., 2019). A recent meta-analysis study
demonstrated that statin medications could produce significant
reductions in major vascular events irrespective of age
(Cholesterol Treatment Trialists’ Collaboration, 2019). Studies
also showed that statins possess beneficial effects on reducing
stroke risks and ameliorating dementia (Power et al., 2015;
Geifman et al., 2017; Zissimopoulos et al., 2017; Petek et al.,
2018). However, similar to sartans, the beneficial effect of
statins on cognitive decline also remains controversial (Power
et al., 2015; Geifman et al., 2017; Zissimopoulos et al., 2017;
Sinyavskaya et al., 2018).

Several genes have been identified as risk factors for
dementia and cognitive impairment in genome-wide association
studies (Dergunov, 2011; Nazarian et al., 2019). One of these,
apolipoprotein E (APOE), has three common alleles (ε2, ε3, and
ε4) encoding distinct protein isoforms (Dergunov, 2011; Ji et al.,
2018). In particular, the APOE ε4 allele is closely associated with
elevated levels of total cholesterol and low-density lipoprotein
cholesterol (Dergunov, 2011) with increased risk of dementia and
cognitive impairment (Mahely and Huang, 1999; Reitz, 2012).
However, the relationships between the APOE gene and blood
pressure and APOE gene and plasma lipid-lowering treatments
are not well understood. To address this issue, the present study
investigated how the APOE ε4 genotype influences the effects of
sartans and statins on dementia and cognitive impairment risk in
older hypertensive patients.

METHODS

Standard Protocol Approval, Registration,
and Patient Consent
This study was conducted in compliance with the Declaration of
Helsinki and adhered to good clinical practice guidelines. The
study protocol was approved by the Research Ethics Committee
of the Institute of BasicMedicine, Shandong Academy ofMedical
Sciences, and was retrospectively registered with ChiCTR.org.cn
(ChiCTR-IOR-17013557). Written informed consents were
obtained from all the patients.

Study Design and Sample Size
Determination
This study was a double-blind, randomized, and placebo-
controlled trial using a 2× 2 factorial design. The protocol of this
study is described elsewhere (Ji et al., 2018). The major objective
was to investigate the interaction of sartans and low-dose
statins on the incident cardio- and cerebro-vascular events
including stroke and myocardial infarction. The sample size
was determined using the stroke incidence, and 1,244 essential
hypertensive elderly aged ≥60 years were determined (Ji et al.,
2018). In this study, we mainly investigated the interaction of
sartans, statins, and APOE genotype on dementia incidence
and the trajectory of global cognitive function during the study
period. So, the sample size should be determined using the
incidence of dementia. Given that the incidence of dementia is
5.1% per year (Jia et al., 2014), the sample size of 1,244 patients
could well provide a statistical power of 90% including taking
into account a dropout rate of 10% in this study.

Study Patients
Details of the study patients are as described in our previous
study (Ji et al., 2018). Briefly, 1,244 essential hypertensive patients
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aged ≥60 years were eligible and recruited from communities
in six cities in Shandong, China, between April 2008 and
November 2010. The exclusion criteria were patients with
Alzheimer’s disease, Parkinson’s disease, schizophrenia, seizures,
Mini-Mental State Examination (MMSE) score ≤23, secondary
hypertension, diabetes mellitus, myocardial infarction or stroke
in the last 6 months, clear hypersensitivity or contraindication
to the medications administered in the study, chronic liver
disease or renal dysfunction, inflammatory muscle disease,
connective tissue diseases or malignancy, drug or alcohol
abuse, intention to leave current residence within 6 years,
inability to walk to the clinic, and unwillingness to provide
informed consent.

Study Randomization, Intervention, and
Follow-Up
After a 2-week washout period, the patients were randomized
on a 1:1:1:1 ratio into control (telmisartan placebo and
rosuvastatin placebo), telmisartan (telmisartan activator and
rosuvastatin placebo), rosuvastatin (telmisartan placebo and
rosuvastatin activator), and combination (telmisartan activator
and rosuvastatin activator) groups. A computer-generated
randomization was conducted bymembers who were not directly
working on the study according to the order of recruitment
with a block size of eight without stratification. Each patient
was assigned a unique number that was used throughout the
study. The investigators and patients were masked to treatment
assignment until the completion of the study and until final
clinical database lockdown.

Telmisartan was administered at a concentration of either
40mg or increased to 80mg once daily if needed and rosuvastatin
at 10 mg once daily. Hydrochlorothiazide (12.5 mg increased to
25mg once daily if needed) was used as an open-label medication
and a background treatment in the four groups. Patients were
visited weekly during the washout period, then at trial months 1,
3, and 6, every 6 months thereafter, and at final visit.

Evaluation of Global Cognitive Function
Assessments of global cognitive function include the MMSE (Liu
et al., 2016; Duan et al., 2017), Montreal Cognitive Assessment
(MoCA; Duan et al., 2017), Mattis Dementia Rating Scale (DRS;
Chan et al., 2001), and Clinical Dementia Rating (CDR; Yue et al.,
2016). The scales were implemented at baseline, annual follow-
up, and final visits using the Chinese versions. All tests were
conducted by experienced neuropsychology research assistants
who were blinded to clinical and laboratory data, genotype,
and psychological outcomes. The MMSE, MoCA, DRS, and
CDR are widely used standard tests for assessing, screening,
and staging cognitive dysfunction and dementia with excellent
test–retest and inter-rater reliability. Lower MMSE, MoCA,
and DRS scores reflect more severe cognitive impairment and
dementia, whereas a higher CDR score represents more severe
dementia. After testing 90 patients in random, the coefficients
of variation of the interobserver were 0.91 for the MMSE score,
0.89 for the MoCA score, 0.87 for DRS score, and 0.84 for
CDR score.

The Informant Questionnaire on Cognitive
Decline in the Elderly
Assessment of the Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE) was implemented at baseline,
biennial follow-up, and final visits. The IQCODE is one of
the worldwide used informant (proxy)-rated complementary
screening tool for dementia that rates the change in cognitive
function from a previous level of 10 years earlier (Jorm and
Jacomb, 1989; Jorm, 1994, 2004). It is available in various
versions (Jorm and Jacomb, 1989; Jorm, 1994, 2004; Harrison
et al., 2016), has demonstrated utility in multiple cultural
groups (Jorm and Jacomb, 1989; Fuh et al., 1995; Morales
et al., 1995; Harrison et al., 2016), and has high internal
(alpha = 0.95) and test–retest (correlation coefficient = 0.75)
reliabilities (Jorm and Jacomb, 1989; Gavett et al., 2011).
Our study used a shortened version consisting of 16 items,
which was demonstrated essentially to be comparable to the
original version (Jorm, 1994), to measuring cognitive decline
during the follow-up period. The IQCODE was independently
completed by the spouses, relatives, friends, or carers who
closely knew the patients for at least 10 years. Each item on
the IQCODE is rated on a five-point scale, where 1 represents
‘‘Much better,’’ 2 ‘‘A bit better,’’ 3 ‘‘Not much change,’’ 4
‘‘A bit worse,’’ and 5 ‘‘Much worse.’’ The final score is the
average of the rated 16 item scores. A higher score represents
a greater cognitive impairment. The coefficient of variation of
the interobserver was 0.93 after being tested in random samples
of 90 patients.

APOE Genotyping
DNA was extracted from 10 ml peripheral blood mixed
with ethylenediaminetetraacetic acid (EDTA). APOE genotyping
based on the presence of the single-nucleotide polymorphisms
rs429358 and rs7412 was carried out by polymerase chain
reaction using the TaqMan genotyping kit (Applied Biosystems,
Foster City, CA, USA). The primers used were forward
primer: 5′-TTG AAG GCC TAC AAA TCG GAA CTG-
3′ and reversed primer: 5′-CCG GCT GCC CAT CTC
CTC CAT CCG-3′ (Molinuevo et al., 2016). Patients were
categorized as ε4-positive carriers (genotypes ε2/ε4, ε3/ε4, or
ε4/ε4) or ε4-negative carriers (genotypes ε2/ε2, ε2/ε3, or ε3/ε3;
Ji et al., 2018).

Outcomes
Primary outcomes included changes in global cognitive function
including MMSE, MoCA, DRS, and CDR scores and dementia
incidence. Possible dementia was diagnosed depending on
a combination of IQCODE and global cognitive function
assessment according to the recommendations from the National
Institute on Aging–Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease (Narasimhalu
et al., 2008; Albert et al., 2011). The cut-off of MMSE was
≤23 points or a decline of ≥3 points between any two annual
follow-up visits (Liu et al., 2016; Duan et al., 2017), MoCA
was >20 points (Delgado et al., 2017), DRS was >120 points
(Chan et al., 2001), CDR was ≥1.0 (Yue et al., 2016), and
IQCODE was ≥3.38 (Biessels et al., 2006). The secondary
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outcomes were incident stroke and all-cause mortality during the
follow-up period.

Statistical Analysis
The intention-to-treat principle was followed in the analysis of
this study. Continuous data are expressed as mean with standard
deviation (SD) or the median with interquartile range (IQR;
the range between the 25th and 75th percentiles) depending on
the normality of the data, and categorical data are expressed
as a frequency with percentages. The Kolmogorov–Smirnov
test was used to assess the normality of the continuous
data. Comparisons of continuous data between groups were
performed with the one-way analysis of variance (ANOVA)
with the Bonferroni procedure or Kruskal–Wallis H test with
a Wilcoxon rank-sum test depending on the normality of the
data; categorical data were compared with the chi-square test.
A linear mixed model was used to assess differences in the
trajectory of MMSE, MoCA, CDR, and DRS scores over the
follow-up period among groups. A Kaplan–Meier analysis with
the log-rank test was used to evaluate differences in the risks
of dementia incidence. The Cox proportional hazards model
was used to assess the hazard ratio (HR) and 95% confidence
interval (CI).

In this study, we tested the interactions between telmisartan
and rosuvastatin; APOE ε4 allele status and telmisartan; APOE
ε4 allele status and rosuvastatin; and among APOE ε4 allele
status, telmisartan, and rosuvastatin on the trajectory of global
cognitive function and the dementia incidence. First, we
classified patients into control, telmisartan, rosuvastatin, and
combination groups to investigate the interaction between
telmisartan and rosuvastatin. Then, we reclassified patients into
telmisartan placebo ∗ ε4 negative/positive [telmisartan(−) ∗

ε4(−)/(+)] and telmisartan activator ∗ ε4 negative/positive
[telmisartan(+) ∗ ε4(−)/(+)] groups to investigate the
interaction between telmisartan and APOE ε4 allele status.
Third, we reclassified patients into rosuvastatin placebo ∗ ε4
negative/positive [rosuvastatin(−) ∗ ε4(−)/(+)] and rosuvastatin
activator ∗ ε4 negative/positive [rosuvastatin(+) ∗ ε4(−)/(+)]
groups to investigate the interaction between rosuvastatin and
APOE ε4 allele status. Finally, we subclassified the control,
telmisartan, rosuvastatin, and combination groups into control
∗ ε4(−)/(+), telmisartan ∗ ε4(−)/(+), rosuvastatin ∗ ε4(−)/(+),
and combination ∗ ε4(−)/(+) groups, respectively, to investigate
the interaction among APOE ε4 allele status, telmisartan,
and rosuvastatin.

Models were adjusted for age, sex, education, smoking,
alcohol consumption, baseline body mass index, baseline blood
pressure, baseline fasting plasma glucose, baseline plasma lipids,
the status of hydrochlorothiazide administration, changes in
blood pressure, lipids, and fasting plasma glucose during the
trial period, and the stroke incidence during the trial period.
Multiple sensitivity analyses were performed using: (1) first
diagnosed dementia during the trial period; (2) multiple
imputation by chained equations for imputing missing data
for variables; (3) stratified analysis to make sure that the
associations found are robust; and (4) confounders included the
changes in blood pressure, lipids, and fasting plasma glucose

and the stroke incidence during the trial period in models.
Statistical analyses were performed using SPSS v.24.0 (SPSS Inc.,
Chicago, IL, USA). A two-sided P-value < 0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics
Figure 1 shows a flowchart of this study. The first patient
was recruited on April 28, 2008, and the final follow-up
visit was completed on September 25, 2017. The average
follow-up period was 7.0 (IQR: 6.7–7.2) years. The mean age
at baseline was 70.11 ± 6.08 years, 597 (48.0%) subjects were
female, and 323 (26.0%) were APOE ε4(+). The demographic
and baseline clinical characteristics of the patients in control,
telmisartan, rosuvastatin, and combination groups are shown
in Table 1. There were no significant differences in the
demographic and clinical characteristics among the four
groups (all P > 0.05).

Outcomes
Over the follow-up period, a total of 176 patients (2.0% per year)
developed dementia. The scores ofMMSE,MoCA, andDRS were
declined, and the scores of CDR and IQCODE were increased
relative to the baseline.

Interactions Between Telmisartan and
Rosuvastatin
The trajectories of MMSE, MoCA, DRS, CDR, and IQCODE
scores in the duration of follow-up are presented in Figure 2.
There were declining trends in MMSE, MoCA, and DRS
and increasing trends in CDR and IQCODE in the four
groups. However, the differences in the trends were significant
among the four groups after adjustment for confounders
as above described (all Padjusted < 0.001). The declining
trends in MMSE, MoCA, and DRS and the increasing
trends in CDR and IQCODE were significantly lower in
the combination group than in the control, telmisartan,
and rosuvastatin groups (all Padjusted < 0.05). These trends
in telmisartan and rosuvastatin groups were slower in the
telmisartan and rosuvastatin groups when compared with
the control group (all Padjusted < 0.05). Moreover, similar
results were found when we further compared the changes
in MMSE, MoCA, DRS, CDR, and IQCODE scores from
the baseline among the four groups (all Padjusted < 0.05;
Supplementary Figure S1). There were significant differences
in the incidences of dementia among the four groups after
adjustment for covariates (Padjusted < 0.001). The risks of
dementia in the combination, telmisartan, and rosuvastatin
groups were significantly lower when compared to the control
group (all Padjusted < 0.001; Figure 2, Supplementary Table
S1). Compared with the combination group, the risks of
dementia were higher in the telmisartan group and the
rosuvastatin group (all Padjusted < 0.05). There was a significant
interaction between telmisartan and rosuvastatin based on
the changing trends in MMSE (Padjusted = 0.011), MoCA
(Padjusted = 0.007), DRS (Padjusted = 0.013), CDR (Padjusted = 0.019),
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FIGURE 1 | Flowchart.

TABLE 1 | Demographic and clinical characteristics of the study population at baseline.

Control group Telmisartan group Rosuvastatin group Combination group P-value
(n = 311) (n = 311) (n = 311) (n = 311)

Age (years) 70.12 ± 6.17 70.48 ± 6.20 70.15 ± 5.96 69.68 ± 6.00 0.437
Female [n (%)] 147 (47.3) 151 (48.6) 155 (49.8) 144 (46.3) 0.829
Education (years) 7.00 (5.00, 10.00) 7.00 (3.00, 10.00) 7.00 (5.00, 10.00) 7.00 (4.00, 10.00) 0.416
Smoking [n (%)] 84 (27.0) 79 (25.4) 72 (23.2) 79 (25.4) 0.665
Alcohol consumption [n (%)] 110 (35.4) 120 (38.6) 108 (34.7) 107 (34.4) 0.684
BMI (kg/m2) 24.49 ± 3.08 24.78 ± 2.89 24.55 ± 2.62 25.01 ± 3.77 0.144
SBP (mm Hg) 156.73 ± 9.99 156.91 ± 9.83 156.16 ± 9.29 156.67 ± 10.11 0.801
DBP (mm Hg) 70.80 ± 7.83 71.13 ± 7.23 71.36 ± 7.20 70.84 ± 7.63 0.767
Total cholesterol (mmol/L) 5.08 ± 0.63 5.08 ± 0.60 5.05 ± 0.66 5.00 ± 0.60 0.416
Triglycerides (mmol/L) 1.50 ± 0.36 1.51 ± 0.38 1.45 ± 0.36 1.50 ± 0.38 0.177
HDL-c (mmol/L) 1.20 ± 0.21 1.18 ± 0.22 1.20 ± 0.21 1.19 ± 0.19 0.593
LDL-c (mmol/L) 3.19 ± 0.62 3.21 ± 0.63 3.19 ± 0.68 3.13 ± 0.63 0.396
FPG (mmol/L) 5.46 ± 0.78 5.46 ± 0.81 5.42 ± 0.74 5.48 ± 0.75 0.806
MMSE (score) 29.00 (28.00, 30.00) 29.00 (28.00, 30.00) 29.00 (28.00, 30.00) 29.00 (28.00, 30.00) 0.823
MoCA (score) 28.00 (27.00, 29.00) 28.00 (27.00, 29.00) 28.00 (27.00, 29.00) 28.00 (27.00, 29.00) 0.275
DRS (score) 135.00 (128.00, 139.00) 134.00 (129.00, 138.00) 134.00 (129.00, 139.00) 134.00 (129.00, 139.00) 0.950
CDR (score) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 1.00
IQCODE (score) 1.79 (1.27, 2.35) 1.81 (1.26, 2.29) 1.73 (1.3, 2.28) 1.78 (1.34, 2.26) 0.974
APOE ε4(+) [n (%)] 84 (27.0) 80 (25.7) 82 (26.4) 77 (24.8) 0.930

Data are shown as n (percentage), mean ± standard deviation, or median (interquartile range). Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; MMSE, Mini-Mental State Examination; MoCA,
Montreal Cognitive Assessment; DRS, Mattis Dementia Rating Scale; CDR, Clinical Dementia Rating; IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly; APOE,
apolipoprotein E.

and IQCODE (Padjusted = 0.014), and the incidences of dementia
(Padjusted < 0.001) after adjustment for confounders including the

changes in blood pressure and lipids and the stroke incidence
during the trial period.
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FIGURE 2 | Trajectory of global cognitive function and IQCODE and cumulative hazards of dementia incidence during the follow-up period in the patients grouped
by telmisartan and rosuvastatin administration. Panel (A) is the trajectory of MMSE; panel (B) is the trajectory of MoCA; panel (C) is the trajectory of DRS; panel (D) is
the trajectory of CDR; panel (E) is the trajectory of IQCODE, and panel (F) is the cumulative hazard of dementia incidence. MMSE, Mini-Mental Scale Estimation;
MoCA, Montreal Cognitive Assessment; DRS, Mattis Dementia Rating Scale; CDR, Clinical Dementia Rating; IQCODE, Informant Questionnaire on Cognitive Decline
in the Elderly.

Interactions Between Telmisartan and
APOE ε4 Allele
Compared to the telmisartan(−) ∗ ε4(+) group, the declining
trends in MMSE, MoCA, and DRS and the increasing
trends in CDR and IQCODE were significantly lower in

the other three groups after adjustment for confounders
(all Padjusted < 0.05; Figure 3). The declining trends in
MMSE and MoCA in the telmisartan(+) ∗ ε4(−) group
were lower than those in the telmisartan(−) ∗ ε4(−) group
(Padjusted = 0.002 and = 0.023, respectively). The increasing
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FIGURE 3 | Trajectory of global cognitive function and IQCODE and cumulative hazards of dementia incidence during the follow-up period in the patients grouped
by telmisartan administration and APOE genotype. Panel (A) is the trajectory of MMSE; panel (B) is the trajectory of MoCA; panel (C) is the trajectory of DRS;
panel (D) is the trajectory of CDR; panel (E) is the trajectory of IQCODE, and panel (F) is the cumulative hazard of dementia incidence. MMSE, Mini-Mental Scale
Estimation; MoCA, Montreal Cognitive Assessment; DRS, Mattis Dementia Rating Scale; CDR, Clinical Dementia Rating; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; APOE, apolipoprotein E.

trend in IQCODE in the telmisartan(−) ∗ ε4(−) group
was lower than that in the telmisartan(−) ∗ ε4(+) group
(Padjusted = 0.017). We further compared the changes in MMSE,
MoCA, DRS, CDR, and IQCODE scores from the baseline
among the four groups (Supplementary Figure S2). The changes
in MMSE, MoCA, DRS, CDR, and IQCODE scores from

the baseline were significantly higher in the telmisartan(−) ∗

ε4(+) group than the other three groups (all Padjusted < 0.05).
The risks of dementia in the telmisartan(+) * ε4(−) group
were lower when compared to the telmisartan(−) ∗ ε4(−)
and telmisartan(−) ∗ ε4(+) groups (Figure 3, Supplementary
Table S1). No statistical interaction was observed between
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telmisartan and APOE ε4 allele on the changes in MMSE, MoCA,
DRS, CDR, and IQCODE and in the incidences of dementia
(all Padjusted > 0.05).

Interactions Between Rosuvastatin and
APOE ε4 Allele
The declining trends in MMSE, MoCA, and DRS and the
increasing trends in CDR and IQCODE and the risks of the
dementia were significantly lower in the rosuvastatin(+) * ε4(−)
group than in the rosuvastatin (−) ∗ ε4(+) and rosuvastatin(−)
∗ ε4(−) groups (all Padjusted < 0.05; Figure 4). The declining
trends in MoCA and DRS and the increasing trend in CDR
were lower in the rosuvastatin(+) * ε4(+) group than in the
rosuvastatin(−) ∗ ε4(+) group (all Padjusted < 0.05). The
increasing trend in IQCODE was lower in the rosuvastatin(+)
* ε4(−) group than in the rosuvastatin(−) ∗ ε4(+) and lower in
the rosuvastatin(−) ∗ ε4(−) group than in the rosuvastatin(−)
∗ ε4(+) group (all Padjusted < 0.05). We further found that
there were significant differences in the changes in MMSE,
MoCA, DRS, CDR, and IQCODE scores from the baseline
among the four groups (all Padjusted < 0.05; Supplementary
Figure S3). However, the differences in the changes in
MMSE, MoCA, DRS, CDR, and IQCODE scores from the
baseline were not significant between rosuvastatin(+) * ε4(+)
and rosuvastatin(+) * ε4(−) group (all Padjusted > 0.05).
The risks of the dementia incidence were significantly
lower in the rosuvastatin(+) * ε4(−) group than in the
rosuvastatin(−) ∗ ε4(+) and rosuvastatin(−) ∗ ε4(−) groups
(all Padjusted < 0.05; Figure 4, Supplementary Table S1). The
statistical interactions were observed between rosuvastatin and
APOE ε4 allele on the changes in MMSE (Padjusted = 0.018),
MoCA (Padjusted = 0.020), DRS (Padjusted = 0.031), CDR
(Padjusted = 0.027), and IQCODE (Padjusted = 0.022) and in the
dementia (Padjusted = 0.022).

Interactions Among Telmisartan,
Rosuvastatin, and APOE ε4 Allele
The declining trends in MMSE, MoCA, and DRS and the
increasing trends in CDR and IQCODE were the lowest
in the combination * ε4(−) group and the highest in the
control * ε4(+) group after the patients were grouped
based on telmisartan, rosuvastatin, and APOE ε4 genotype.
There were significant differences in the changing trends
among these groups (all Padjusted < 0.05; Figure 5).
Considering the changes in MMSE, MoCA, DRS, CDR,
and IQCODE scores from the baseline, we did not find
significant differences between the rosuvastatin * ε4(−) and
rosuvastatin * ε4(+) groups and between the combination *
ε4(−) and combination * ε4(+) groups (all Padjusted > 0.05;
Supplementary Figure S4). The cumulative hazards of the
incidences of dementia were the lowest in the combination
* ε4(−) group and the highest in the control * ε4(+)
group (Figure 5, Supplementary Table S1). There were
interactions among telmisartan, rosuvastatin, and APOE ε4
genotype on the changing trends in MMSE (Padjusted = 0.029),
MoCA (Padjusted = 0.033), DRS (Padjusted = 0.040), CDR
(Padjusted = 0.036), and IQCODE (Padjusted = 0.031) and in the

incidences of dementia (Padjusted = 0.028) after adjustment
for confounders.

Changes in Blood Pressure, Lipids, and
Fasting Plasma Glucose and Cumulative
Hazards of Stroke Incidence
Supplementary Figures S5–S8 summarized the changes in blood
pressure, lipids, and fasting plasma glucose and the cumulative
hazards of stroke during the follow-up period in the patients after
being grouped by different classification methods.

DISCUSSION

In this randomized clinical trial, we investigated the effects
of antihypertensive and anti-lipidemic treatment on dementia,
stroke incidence, and all-cause mortality in older hypertensive
patients. Furthermore, the impact of APOE genotypes on the
treatment was investigated in this study. The main findings
were as follows: (1) both telmisartan and rosuvastatin alleviated
the progression of cognitive impairment and reduced the
risk of dementia; (2) telmisartan synergistically interacts with
rosuvastatin to reduce the progression of cognitive impairment
and the risk of dementia; (3) the hypertensive patients withAPOE
ε4 allele had a higher risk of cognitive impairment progression
and the dementia incidence than those without APOE ε4 allele;
and (4) rosuvastatin significantly alleviated the progression of
cognitive impairment and the risks of dementia in patients with
APOE ε4 allele.

Although the argument on the effects of sartans and statins
alleviating the progression of cognitive impairment and reducing
the risk of dementia remains (Diener et al., 2008; Kehoe et al.,
2009; Tsukuda et al., 2009; Power et al., 2015; Geifman et al.,
2017; Ho and Nation, 2017; Zissimopoulos et al., 2017; Ahmed
et al., 2018; Petek et al., 2018; Sinyavskaya et al., 2018), we found
that both telmisartan and rosuvastatin significantly alleviated
the progression of cognitive impairment and reduced the risk
of dementia even after adjustment for confounders including
the level of education and the status of hydrochlorothiazide
administration. A previous study indicated that telmisartan
performed slightly better than placebo on attenuating the
progression of cognitive impairment and the risk of dementia
(Zhang et al., 2019).

In a case-control and retrospective cohort study, the use
of statins was associated with a lower prevalence of dementia
and improved MMSE scores compared to patients who did not
receive statin treatment (Hajjar et al., 2002). A previous study (Ji
et al., 2018) showed that the risk of white matter hyperintensity
progression was lower in the rosuvastatin than in the placebo
group, which could underlie the lower risk of dementia and
cognitive impairment progression in the former patients.

In this study, we observed that telmisartan synergistically
interacted with rosuvastatin to reduce the progression of
cognitive impairment and the risks of dementia. This
result may be due to the fact that telmisartan mainly
lowers blood pressure whereas rosuvastatin mainly
lowers plasma lipid. As is known, hypertension is often
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FIGURE 4 | Trajectory of global cognitive function and IQCODE and cumulative hazards of dementia incidence during the follow-up period in the patients grouped
by rosuvastatin administration and APOE genotype. Panel (A) is the trajectory of MMSE; panel (B) is the trajectory of MoCA; panel (C) is the trajectory of DRS;
panel (D) is the trajectory of CDR; panel (E) is the trajectory of IQCODE, and panel (F) is the cumulative hazard of dementia incidence. MMSE, Mini-Mental Scale
Estimation; MoCA, Montreal Cognitive Assessment; DRS, Mattis Dementia Rating Scale; CDR, Clinical Dementia Rating; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; APOE, apolipoprotein E.

accompanied by dyslipidemia. Another reason might be
that telmisartan and rosuvastatin exhibit pleiotropic and
protective effects on the cardio- and cerebrovascular systems
including anti-inflammatory and antioxidant effects (Rizos
et al., 2013; Liu et al., 2014), which is significant since
inflammation and oxidative stress play important roles in

dementia and cognitive impairment (Bulzacka et al., 2016;
Liu et al., 2018).

Genotype frequencies can be used to evaluate the efficacy of
health care practices. In this study, we observed that the risk
of dementia in the patients with APOE ε4 allele was higher
than those without APOE ε4 allele irrespective of treatment they
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FIGURE 5 | Trajectory of global cognitive function and IQCODE and cumulative hazards of dementia incidence during the follow-up period in the patients grouped
by telmisartan, rosuvastatin, and APOE genotype. Panel (A) is the trajectory of MMSE; panel (B) is the trajectory of MoCA; panel (C) is the trajectory of DRS;
panel (D) is the trajectory of CDR; panel (E) is the trajectory of IQCODE, and panel (F) is the cumulative hazard of dementia incidence. MMSE, Mini-Mental Scale
Estimation; MoCA, Montreal Cognitive Assessment; DRS, Mattis Dementia Rating Scale; CDR, Clinical Dementia Rating; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; APOE, apolipoprotein E.

received. We did not find any interaction between telmisartan
and APOE ε4 allele. However, as expected, a significant
interaction was found between rosuvastatin and APOE ε4 allele.
The differences in the changes in global cognitive function from
baseline were not significant between rosuvastatin ∗ ε4(−) and
rosuvastatin ∗ ε4(+) groups and between combination ∗ ε4(−)

and combination ∗ ε4(+) groups. A previous study showed
that the risk factors for the incidence of small cerebral vessel
diseases including white matter hyperintensities, lacunes, and
microbleeds that were strongly associated with dementia and
cognitive impairment in subjects with APOE ε4 allele were
markedly mitigated by rosuvastatin (Ji et al., 2018). Meanwhile,

Frontiers in Aging Neuroscience | www.frontiersin.org 10 June 2020 | Volume 12 | Article 154

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Hu et al. APOE Gene, Lipids-lowering, Antihypertension, Dementia

APOE ε4 allele is closely associated with elevated levels of
plasma lipids and has been demonstrated to increase the risk
of dementia and cognitive impairment (Mahely and Huang,
1999; Reitz, 2012). Thus, the risks of dementia might be reduced
by rosuvastain in subjects with APOE ε4 allele that has been
regarded as a statin treatment threshold in clinical practice
(Davies et al., 2011).

One of the major strengths of our study is that dementia was
diagnosed using the combination of global cognitive function
scale testing the patients themselves and based on the informant
interview on cognitive decline. Second, the changes in blood
pressure and lipids and the stroke incidence were included as
confounders in analysis models. Third, the impact of APOE
genotype on the treatment of telmisartan, rosuvastatin, and
their combination was examined. The randomized, double-blind,
placebo-controlled design and long-term follow-upmight also be
an advantage in this study.

On the other hand, our study also had several limitations.
Firstly, hydrochlorothiazide was used as a basic medication
in all patients. It is difficult to distinguish between these
two groups in terms of differences in the incidence of
dementia and cognitive impairment, although the status
of hydrochlorothiazide administration was adjusted in the
analysis models. Second, we did not consider the effects of
ethnicity and gender. A previous meta-analysis showed that
these factors do not alter the influence of the APOE ε4
allele in dementia (Farrer et al., 1997), whereas others have
reported that the effects of statins on Alzheimer’s disease
patients varied according to race (Zissimopoulos et al., 2017).
The differences in gender may affect the treatments of
statins and sartans on cognitive impairment (Zissimopoulos
et al., 2017; Ji et al., 2018). Third, a lower socioeconomic
status was found to be closely associated with an increased
risk of dementia and cognitive decline (Russ et al., 2013;
Rusmaully et al., 2017). Socioeconomic background could
bias the results of this study. Fourth, dementia was not
subclassified into Alzheimer’s disease, senile dementia, and
vascular dementia in this study. Lastly, we did not assess the
effect of antiplatelet agents and antihyperglycemic medications
as potential confounders on cognitive impairment and dementia
in this study.

In conclusion, after over an average of 7 years’ follow-up,
our findings indicate that the combination of telmisartan and
rosuvastatin might be an effective prevention and/or treatment
strategy for cognitive impairment and dementia in hypertensive
patients, especially in those with APOE ε4 allele. However, our
results should be validated by additional studies which take into
account the differences in ethnicity, socioeconomic background,
and statin agents.
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