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Antihypertensive drugs decrease risk of
Alzheimer disease
Ginkgo Evaluation of Memory Study

ABSTRACT

Objectives: The aim of this study was to determine whether use of diuretics, angiotensin-1 recep-
tor blockers (ARB), angiotensin-converting enzyme inhibitors (ACE-I), calcium channel blockers
(CCB), or b-blockers (BB) was associated with a reduced risk of Alzheimer disease (AD) dementia
in participants with normal cognition or mild cognitive impairment (MCI).

Methods: Secondary longitudinal data analysis of the Ginkgo Evaluation of Memory Study in older
adults at least 75 years of age with normal cognition (n 5 1,928) or MCI (n 5 320) over a median
6.1-year period using Cox proportional hazard models after adjusting for confounders.

Results: Diuretic use was reported by 15.6%, ARB 6.1%, ACE-I 15.1%, CCB 14.8%, and BB
20.5%. Of the 2,248 participants, 290 (13%) developed AD dementia. Hazard ratio for incident
AD dementia among participants with normal cognition was 0.51 in diuretic (95% confidence
interval [CI] 0.31–0.82), 0.31 in ARB (95% CI 0.14–0.68), 0.50 in ACE-I (95% CI 0.29–
0.83), 0.62 in CCB (95% CI 0.35–1.09), and 0.58 in BB (95% CI 0.36–0.93) users and was
not significantly altered when mean systolic blood pressure was above 140 mm Hg. In partic-
ipants with MCI, only diuretic use was associated with decreased risk (hazard ratio 5 0.38, 95%
CI 0.20–0.73).

Conclusions: Diuretic, ARB, and ACE-I use was, in addition to and/or independently of mean sys-
tolic blood pressure, associated with reduced risk of AD dementia in participants with normal cog-
nition, while only diuretic use was associated with reduced risk in participants with MCI.
Neurology� 2013;81:896–903

GLOSSARY
ACE-I 5 angiotensin-converting enzyme inhibitor; AD 5 Alzheimer disease; ARB 5 angiotensin-1 receptor blocker; BB 5
b-blocker; CCB 5 calcium channel blocker; CHF 5 congestive heart failure; CI 5 confidence interval; DBP 5 diastolic blood
pressure; DM 5 diabetes mellitus; DSM-IV 5 Diagnostic and Statistical Manual of Mental Disorders, 4th edition; GEMS 5
Ginkgo Evaluation of Memory Study; HR5 hazard ratio; HTN5 hypertension;MCI5mild cognitive impairment; RAS5 renin-
angiotensin system; SBP 5 systolic blood pressure.

Observational studies suggest protective effects of antihypertensive medications on risk of
dementia1–6 independently or in addition to their ability to control blood pressure, and that
these effects may be specific to the class of drugs to which they belong. A postmortem study of
subjects with Alzheimer disease (AD) dementia showed that treated hypertensive subjects had
less AD dementia neuropathology than untreated hypertensive and normotensive subjects,7

while imaging studies showed preserved hippocampus in normotensive and treated hypertensive
subjects.8,9 However, clinical trials evaluating antihypertensive medications for dementia pre-
vention found no risk reduction,10–12 which could be explained by dementia being a secondary
outcome and therefore insufficiently powered. Additionally, the majority of these studies were
confounded by combined antihypertensive medication use11,13–16 to achieve acceptable blood
pressure. There are few studies with equivocal evidence regarding the role of hypertension
(HTN) and no randomized clinical trials evaluating the effects of antihypertensive medications
on progression of mild cognitive impairment (MCI) to dementia.17–19
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We hypothesized that antihypertensive
medications, especially diuretics, angiotensin-
1 receptor blockers (ARB), and calcium chan-
nel blockers (CCB), would decrease the risk
of AD dementia in people with mild or no cog-
nitive impairment. In this larger national study,
the Ginkgo Evaluation of Memory Study
(GEMS),20 which showed no benefit of ginkgo
biloba in reducing incidence of dementia,21

we examined whether reported diuretic,
ARB, angiotensin-converting enzyme inhibi-
tor (ACE-I), CCB, or b-blocker (BB) use
was associated with decreased risk of develop-
ing AD dementia in participants with mild or
no cognitive impairment.

METHODS Participants and study design. This study is a
post hoc analysis of the randomized controlled GEMS trial. GEMS

was a double-blind, randomized, controlled clinical trial of 3,069 in-

dividuals without dementia, aged between 75 and 96 years recruited

from 4 US communities: Hagerstown, MD; Pittsburgh, PA;

Winston-Salem/Greensboro, NC; and Sacramento, CA to assess

ginkgo biloba 240 mg/d vs placebo for the prevention of dementia

over a median period of 6.1 years. Details and results of the study

have been published.20–22 At each stage of the recruitment process,

cognitive, medical, and other exclusion criteria were applied.21

Screening visits included the modified Mini-Mental State

Examination,23 and participants with a score of 80 or more pro-

gressed to a more rigorous battery of 14 neuropsychological

tests.20 Participants were eligible for entry into GEMS if they

achieved passing scores in at least 6 of the 7 cognitive domains

and met all other criteria for normal cognitive function or MCI.20

Demographic and baseline health characteristics were assessed

using questionnaires including age, race, sex, and years of educa-

tion. Medical history was based on self-report of a history of 16

Table 1 Baseline characteristics of study participantsa

All participants
(n 5 3,069)

Participants included in analysis (n 5 2,248)

No antihypertensive
medication (n 5 643)

ARB
(n 5 140)

Diuretic
(n 5 351)

ACE-I
(n 5 324)

CCB
(n 5 333)

BB
(n 5 457)

Sex, n (%)

Female 1,418 (46.2) 312 (48.5) 72 (51.4) 188 (53.6) 125 (38.6)b 157 (47.1) 187 (40.9)

Income/y, n (%)

<$36,000 801 (26.1) 158 (24.6) 39 (27.8) 91 (25.9) 89 (27.5) 82 (24.6) 131 (28.7)

$36,000–$52,000 1,434 (46.7) 291 (45.3) 64 (45.7) 183 (52.1)c 133 (41.0) 158 (47.4) 202 (44.2)

>$52,000 820 (26.2) 193 (30.1) 37 (26.5) 75 (21.4)c 97 (29.0) 92 (27.6) 124 (27.1)

Smoking, n (%)

Former 1,651 (53.8) 325 (50.5) 75 (53.6) 179 (51.0) 182 (56.2) 198 (59.4) 233 (51.0)

Current 136 (4.4) 33 (5.1) 4 (2.9) 18 (5.1) 16 (4.9) 14 (4.2) 20 (4.4)

History, n (%)

Hypertension 1,306 (42.6) 9 (1.4) 68 (48.6)d 155 (44.2)d 170 (52.5)d 184 (55.2)d 186 (40.7)d

Diabetes 277 (9.0) 28 (4.4) 9 (6.4) 20 (5.7) 51 (15.7)d 22 (6.6) 41 (9.0)b

Heart attack 300 (9.8) 24 (3.7) 9 (6.4) 25 (7.1)c 18 (5.6) 35 (10.5)d 65 (14.2)d

Angina 304 (9.9) 17 (2.6) 16 (11.4)d 22 (6.3)b 25 (7.7)b 37 (11.1)d 62 (13.6)d

Stroke 88 (2.9) 10 (1.6) 4 (2.9) 11 (3.1) 10 (3.1) 7 (2.1) 13 (2.8)

TIA 221 (7.2) 22 (3.4) 11 (7.9)c 21 (6.0) 23 (7.1)b 40 (12.0)d 33 (7.2)b

Heart failure 61 (2.0) 4 (0.6) 1 (0.7) 7 (2.0) 7 (2.2) 3 (0.1) 3 (0.6)

MCI 482 (15.7) 101 (15.7) 16 (11.4) 40 (11.4) 48 (14.8) 52 (15.6) 54 (11.8)

Age, mean (SD) 78.6 (3.3) 78.3 (3.1) 78.5 (3.3) 78.7 (3.5) 78.8 (3.2) 79.3 (3.8)d 78.4 (2.9)

Education, mean (SD) 14.3 (3.0) 14.6 (3.1) 13.9 (2.6) 14.2 (2.9) 14.3 (3.1) 14.1 (2.8) 14.4 (3.0)

Body mass index, mean (SD) 27.1 (4.3) 25.7 (3.9) 27.4 (4.0)d 28.0 (4.5)d 27.4 (4.1)d 26.7 (4.1)d 27.0 (4.1)d

Systolic blood pressure, mean (SD) 133.0 (18.3) 126.1 (15.5) 138.9 (17.5)d 131.3 (16.8)d 135.0 (18.3)d 137.8 (18.7)d 135.4 (18.8)d

Diastolic blood pressure, mean (SD) 68.9 (9.8) 67.89 (8.7) 71.3 (9.4)d 69.2 (9.5) 69.4 (10.5)c 69.6 (10.4)b 70.1 (10.2)d

Abbreviations: ACE-I 5 angiotensin-converting enzyme inhibitor; ARB 5 angiotensin-1 receptor blocker; BB 5 b-blocker; CCB 5 calcium channel blocker;
MCI 5 mild cognitive impairment.
a ARB, diuretics, ACE-I, CCB, and BB were each used without concurrent use of any other type of antihypertensive medication. Each antihypertensive
medication user group was compared with the no antihypertensive medication user group.
bp , 0.005.
cp , 0.01
dp , 0.001.
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diseases, including myocardial infarction, angina, stroke, TIA, heart

failure, HTN, diabetes mellitus (DM), and atrial fibrillation.

Standard protocol approvals, registrations, and patient
consents. This study was approved by an Institutional Review

Board at each investigational center, and patients provided written

informed consent before participation. This study was conducted in

compliance with the Declaration of Helsinki and all International

Conference on Harmonization Good Clinical Practice Guidelines,

and is registered on Clinicaltrials.gov (NCT00010803).

Exposure assessment. Detailed information about medication

use was collected at each visit by visually inspecting prescribed and

over-the-counter medications. Medication names, doses, frequencies,

and routes of administration taken in the prior 2 weeks were entered

in a medication database designed to match each drug with a numer-

ical code that could be used for categorizing drugs. Medications were

coded by drug class as diuretics (amiloride, bumetanide, chlorthali-

done, chlorothiazide, furosemide, hydrochlorothiazide, indapamide,

metolazone, methylchlorothiazide, spironolactone, torsemide, triam-

terene), ARB (candesartan, eprosartan, irbesartan, losartan, telmisar-

tan, valsartan), ACE-I (benazepril, captopril, enalapril, fosinopril,

lisinopril, moexipril, perindopril, quinapril, ramipril, trandolapril),

CCB (amlodipine, bepridil, felodipine, diltiazem, isradipine,

mibefradil, nicardipine, nifedipine, nisoldipine, verapamil), or BB

(acebutolol, atenolol, betaxolol, bisoprolol, carvedilol, esmolol, labe-

talol, metoprolol, penbutolol, pindolol, propranolol).

Outcome measures. The primary outcome of this post hoc

analysis was incidence of AD dementia among different antihy-

pertensive medication user groups. AD dementia was diagnosed

by a multidisciplinary panel of experts, who were blinded to treat-

ment group assignments, using criteria of DSM-IV 24 and the

National Institute of Neurological and Communication Disor-

ders and Stroke–Alzheimer’s Disease and Related Disorders Asso-

ciation,25 as previously described in more detail.20,21

Statistical analyses. Because in the initial trial ginkgo biloba was

not effective in reducing AD dementia incidence,21 all participants

were included in our study. Of 3,069 participants without dementia

at baseline, we excluded 821 from analysis who had no follow-up

visit or reported concomitant use of any of the antihypertensive

medication groups at baseline or during follow-up. Of the 2,248

included in the final analysis, 351 reported diuretic, 140 ARB, 324

ACE-I, 333 CCB, and 457 BB use. To maintain adequate sample

size and statistical power, similar to a previous study,6 we allowed a

switch to another antihypertensive medication group during follow-

up visits. We also examined associations on risk of AD dementia

using a model that allowed use of only one antihypertensive med-

ication group throughout the whole study and found similar, but

less significant, effects, possibly because of inadequate power.

We compared baseline characteristics between diuretic, ARB,

ACE-I, CCB, and BB with no antihypertensive medication users

by using x2 tests for categorical and Wilcoxon rank sum test for

continuous variables. Continuous-time Cox proportional hazard

regression models were used to assess hazard ratios (HRs) of AD

dementia associated with diuretic, ARB, ACE-I, CCB, or BB use

by using SAS version 9.1 (SAS Institute Inc., Cary, NC). Because

of the numerous comparisons, the a priori p value was set at,0.01.

First, we evaluated associations between diuretic, ARB, ACE-I,

CCB, BB, and no antihypertensive medication use and risk of

AD dementia in participants with normal cognitive function and

MCI at baseline, comparing each group with the others. Then,

in separate analyses, we evaluated the same associations in partici-

pants with normal cognition or MCI at baseline. Finally, we strat-

ified subjects according to their mean systolic blood pressure (SBP)

during the entire study as either above or below 140 mm Hg, to

evaluate the possible role of HTN among antihypertensive medica-

tion user groups and the risk of AD dementia.

Analyses in model 1 were unadjusted and in model 2 adjusted

for potential confounding effects of age, sex, years of education,

income (,$36,000/y, $36,000–$52,000/y, .$52,000/y), smok-

ing history, body mass index (kg/m2), SBP, diastolic blood pressure

(DBP), MCI status at baseline, and number of vascular diseases at

baseline. The variable of “number of vascular diseases” was used to

reduce the number of confounders, after we separately assessed

individual vascular diseases, and found no significant associations

between risk of AD dementia and diseases such as history of HTN,

stroke, myocardial infarction or angina, congestive heart failure

(CHF), peripheral artery disease, and DM.

The associations between duration of medication use and risk

of AD dementia were analyzed as an ordinal duration-of-use varia-

ble (reported no use, use in one examination only, or use in 2 or

more nonconsecutive examinations), which allowed us to measure

risk of AD dementia in relation to duration of medication use.

Because HTN, the indication of antihypertensive medication

use, and AD dementia both are associated with increased risk of

mortality, we also performed competing risk regression analysis

between incidence of AD dementia and incidence of death

among the different antihypertensive medication user groups

Table 2 HRs from Cox regression analyses: AD associated with ARB, ACE-I,
diuretic, BB, and CCB medication use in participants with normal
cognition and MCI at baselinea

AD (n 5 290)

Model 1 (unadjusted)

Model 2 (adjusted: age, sex,
education, income, no. of
vascular diseases, BMI, SBP,
DBP, MCI)

Medicationb HR (95% CI) p Value HR (95% CI) p Value

ARB vs none 0.44 (0.26–0.75) 0.02c 0.35 (0.19–0.65) 0.001d

ARB vs ACE-I 0.66 (0.34–1.26) 0.21 0.63 (0.32–1.25) 0.18

ARB vs diuretic 0.76 (0.42–1.40) 0.38 0.75 (0.39–1.42) 0.37

ARB vs BB 0.59 (0.32–1.10) 0.10 0.55 (0.29–1.05) 0.07

ARB vs CCB 0.55 (0.30–0.99) 0.05 0.63 (0.33–1.19) 0.16

ACE-I vs none 0.62 (0.44–0.87) 0.005c 0.56 (0.37–0.85) 0.001d

ACE-I vs diuretic 1.03 (0.70–1.50) 0.86 1.05 (0.70–1.52) 0.80

ACE-I vs BB 0.90 (0.61–1.33) 0.60 0.79 (0.53–1.18) 0.24

ACE-I vs CCB 0.79 (0.53–1.20) 0.27 0.94 (0.62–1.44) 0.79

Diuretic vs none 0.59 (0.43–0.82) 0.002c 0.46 (0.32–0.68) ,0.001d

Diuretic vs BB 0.89 (0.61–1.03) 0.55 0.68 (0.54–1.18) 0.26

Diuretic vs CCB 0.76 (0.51–1.13) 0.17 0.78 (0.51–1.17) 0.23

BB vs none 0.66 (0.48–0.91) 0.01e 0.64 (0.44–0.72) 0.01e

BB vs CCB 0.90 (0.60–1.35) 0.61 1.11 (0.72–1.69) 0.90

CCB vs none 0.78 (0.55–1.10) 0.17 0.67 (0.93–1.04) 0.07

Abbreviations: ACE-I 5 angiotensin-converting enzyme inhibitor; AD 5 Alzheimer disease;
ARB 5 angiotensin-1 receptor blocker; BB 5 b-blocker; BMI 5 body mass index; CCB 5

calcium channel blocker; CI 5 confidence interval; DBP 5 diastolic blood pressure; HR 5

hazard ratio; MCI 5 mild cognitive impairment; SBP 5 systolic blood pressure.
a ARB, diuretics, ACE-I, CCB, and BB were each used without concurrent use of any other
type of antihypertensive medication.
bNone 5 no antihypertensive medication use.
cp , 0.005.
dp , 0.001.
ep , 0.01.
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and non-antihypertensive medication users, and found that inci-

dence of mortality was not higher than incidence of AD demen-

tia, suggesting no competing risk of mortality.

RESULTS Average age of the 2,248 participants was
78.7 years, 47% were female, mean education was
14.2 years, and they were followed over a median
6.1-year period.

Of the antihypertensive medication users, 50% re-
ported HTN, and mean SBP (SD) and DBP (SD) on
treatment at baseline were 130.9 (17.6) and 69.6 (9.8)
mm Hg, while of the no antihypertensive medication
user group, 1.4% reported HTN, and mean SBP (SD)
and DBP (SD) at baseline were 126.1 (15.5) and 67.9
(8.7) mm Hg. Antihypertensive medication use was re-
ported by 71.4%, with 6.2% reporting ARB, 15.6%
reporting diuretic, 14.4% reporting ACE-I, 14.8% re-
porting CCB, and 20.3% reporting BB (table 1).

When comparing the different antihypertensive med-
ication user groups to no antihypertensive medication
users, the prevalence of HTN among ARB (49%), diu-
retic (44%), ACE-I (52%), CCB (55%), and BB (41%)

users was significantly higher, but there was no difference
among different antihypertensive medication groups.
Similarly, prevalence of myocardial infarction and angina
was higher among diuretic, ACE-I, CCB, and BB users
but similar among the different medication user groups.
The prevalence of CHF and DM was similar across all
medication user groups and the non-antihypertensive
medication user group, with the exception of ACE-I
users. The prevalence of strokes between antihyperten-
sive medication user groups and nonusers was similar.
Mean age was slightly higher in the CCB user group.
Body mass index was higher in all antihypertensive
medication user groups, but was similar when com-
pared with each other. The mean SBP and DBP were
higher among ARB, CCB, and BB users compared with
nonusers; however, they were similar among all antihy-
pertensive medication user groups (table 1). Over an
average of 5.6 years, of the 1,928 with normal cogni-
tion at baseline, 180 developed AD dementia, and
of the 320 with MCI at baseline, 110 developed AD
dementia.

In participants with normal cognition and MCI at
baseline, use of diuretic (HR 5 0.46, 95% CI 0.32–
0.68; p , 0.001), ARB (HR 5 0.35, 95% CI 0.19–
0.65; p 5 0.001), ACE-I (HR 5 0.56, 95% CI
0.37–0.85; p 5 0.001), and BB (HR 5 0.64, 95%
CI 0.44–0.72; p 5 0.01) was associated with signif-
icant reductions in incident AD dementia compared
with no antihypertensive medication users, while
CCB use was not (HR 5 0.67, 95% CI 0.93–1.04;
p 5 0.07) (table 2).

Similar reductions were seen in participants with
normal cognition at baseline among users of diuretics
(HR 5 0.51, 95% CI 0.31–0.82; p 5 0.006), ARB
(HR 5 0.31, 95% CI 0.14–0.68; p 5 0.003), and
ACE-I (HR 5 0.50, 95% CI 0.29–0.83; p5 0.008)
(table 3) when compared with no antihypertensive
medication users. In participants with MCI at base-
line, only diuretic use was associated with a significant
risk reduction (HR 5 0.38, 95% CI 0.20–0.73; p 5
0.004). However, there was a similar trend in partic-
ipants using ARB, ACE-I, or BB (table 4), which
suggests lack of power.

When medication use was reported in 2 or more
examinations, risk of AD dementia among diuretic
users was HR 5 0.40 (95% CI 0.26–0.61; p ,

0.0001) and among ARB users was HR 5 0.37
(95% CI 0.19–0.72; p 5 0.004) (table 5) compared
with the no antihypertensive medication users.

We then stratified subjects in each medication user
group according to their mean SBP throughout the
whole study as either above or below 140 mm Hg,
to evaluate the possible role of HTN among antihyper-
tensive medication user groups and the risk of AD
dementia. We found no difference in risk among diu-
retic (HR 5 1.06, 95% CI 0.50–2.24; p 5 0.88),

Table 3 HRs from Cox regression analyses: AD associated with ARB, ACE-I,
diuretic, BB, and CCB medication use in participants with normal
cognition at baselinea

Medicationb

AD (n 5 180)

Model 1 (unadjusted)

Model 2 (adjusted: age, sex,
education, income, no. of
vascular diseases, BMI,
SBP, DBP)

HR (95% CI) p Value HR (95% CI) p Value

ARB vs none 0.48 (0.24–0.95) 0.04 0.31 (0.14–0.68) 0.003c

ARB vs ACE-I 0.62 (0.27–1.40) 0.25 0.68 (0.29–1.55) 0.36

ARB vs diuretic 0.74 (0.36–1.53) 0.42 0.76 (0.36–1.59) 0.47

ARB vs BB 0.50 (0.27–1.12) 0.09 0.58 (0.26–1.32) 0.20

ARB vs CCB 0.47 (0.21–1.02) 0.06 0.64 (0.28–1.47) 0.29

ACE-I vs none 0.74 (0.48–1.14) 0.17 0.50 (0.29–0.83) 0.008c

ACE-I vs diuretic 0.99 (0.62–1.59) 0.97 1.02 (0.62–1.65) 0.95

ACE-I vs BB 0.90 (0.55–1.46) 0.66 0.87 (0.53–1.42) 0.58

ACE-I vs CCB 0.78 (0.47–1.30) 0.34 0.87 (0.51–1.47) 0.60

Diuretic vs none 0.74 (0.49–1.11) 0.15 0.51 (0.31–0.82) 0.006c

Diuretic vs BB 0.90 (0.57–1.42) 0.65 0.90 (0.56–1.45) 0.66

Diuretic vs CCB 0.81 (0.50–1.32) 0.40 0.89 (0.54–1.48) 0.65

BB vs none 0.77 (0.51–1.15) 0.20 0.58 (0.36–0.93) 0.02

BB vs CCB 0.93 (0.56–1.56) 0.80 1.07 (0.63–1.80) 0.80

CCB vs none 0.91 (0.58–1.42) 0.67 0.62 (0.35–1.09) 0.10

Abbreviations: ACE-I 5 angiotensin-converting enzyme inhibitor; AD 5 Alzheimer disease;
ARB 5 angiotensin-1 receptor blocker; BB 5 b-blocker; BMI 5 body mass index; CCB 5

calcium channel blocker; CI 5 confidence interval; DBP 5 diastolic blood pressure; HR 5

hazard ratio; SBP 5 systolic blood pressure.
a ARB, diuretics, ACE-I, CCB, and BB were each used without concurrent use of any other
type of antihypertensive medication.
bNone 5 no antihypertensive medication use.
cp # 0.005.
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ARB (HR 5 2.85, 95% CI 0.87–9.28; p 5 0.08),
ACE-I (HR5 0.97, 95% CI 0.52–1.82; p5 0.93),
CCB (HR 5 0.62, 95% CI 0.30–1.30; p 5 0.20),
or no antihypertensive medication user groups
(HR 5 0.78, 95% CI 0.42–1.45; p 5 0.43), with
the exception of BB (HR5 2.00, 95% CI 1.10–3.61;
p 5 0.02).

DISCUSSION In this post hoc longitudinal analysis of
the randomized controlled GEMS trial of community-
dwelling older participants without dementia, we eval-
uated associations between different antihypertensive
medication use (diuretics, ARB, ACE-I, CCB, and
BB) on incidence of AD dementia. We demonstrated
that diuretic use was associated with at least a 50%
decreased risk of developing AD dementia and was
not significantly altered when mean SBP was above
140 mm Hg, compared with never users. These asso-
ciations were even stronger, with a risk reduction
of 60%, when medication use was reported in 2 or
more examinations, replicating previous results by the

Rotterdam Study.5 ARB and ACE-I use was also asso-
ciated with a 40% to 50% decreased risk, but only
among participants with normal cognition at baseline.
Notably, similar trends for risk reduction were seen
among participants with MCI at baseline. BB use was
associated with a similar, but smaller effect. In contrast,
CCB use, similar to previous observational studies,1,26

was not associated with risk reduction.
It has been suggested that the renin-angiotensin sys-

tem (RAS) has a role in AD dementia by a vascular
pathway, in which angiotensin II, cleaved from angio-
tensin I by ACE, acts on angiotensin 1 receptors, result-
ing in vasoconstriction and subsequently in decreased
blood flow; and by a neurodegenerative pathway, in
which ACE is involved in increasing amyloid-b degra-
dation, while angiotensin II inhibits acetylcholine
release and has proinflammatory properties.26,27 Thus,
the associations seen between risk of AD dementia and
ARB use, which blocks the effects of angiotensin II, and
ACE-I use, which blocks the conversion of angiotensin
I to angiotensin II, could be explained by their actions
on the RAS.

The case for the protective effect of diuretics is not
clear; however, it was suggested that diuretics, similar
to ARB, also increase angiotensin II,26 so their effects
could be partially explained by effects on the RAS. We
were not able to confirm previous study results4 of
decreased risk of AD dementia mainly among potassi-
um-sparing diuretic users because we found similarly
decreased risk of AD dementia among potassium-sparing
and nonsparing diuretics (results not shown).

Despite the small number of ARB users in our
study, we confirmed previous findings in a large popu-
lation sample of 800,000 predominantly male partici-
pants with normal cognition at baseline, which
showed that ARB use was associated with reduced risk
of developing AD dementia.6 We were unable to repro-
duce their findings of superiority of ARB over ACE-I in
decreasing AD dementia risk, which could be attribut-
able to either the smaller number of participants using
ARB or a drug-specific effect, because their ACE-I
group consisted only of lisinopril users, which accord-
ing to a recent study showed that enalapril, but not
lisinopril, was associated with decreased risk of devel-
oping MCI.28

Previous studies have shown associations between
elevated blood pressure and incidence of AD demen-
tia1; thus, blood pressure control should result in
decreased incidence of AD dementia. However, studies
have also suggested that antihypertensive medications
may have protective effects in addition and or inde-
pendently of blood pressure control and that the effects
may be specific to the class of drugs to which they
belong. We found that when mean SBP during the
entire study was above 140 mm Hg, it did not signif-
icantly alter the risk of AD dementia among diuretic,

Table 4 HRs from Cox regression analyses: AD associated with ARB, ACE-I,
diuretic, BB, and CCB medication use in participants with MCI at
baselinea

Medicationb

AD (n 5 110)

Model 1 (unadjusted)

Model 2 (adjusted: age, sex,
education, income, no. of
vascular diseases, BMI, SBP,
DBP)

HR (95% CI) p Value HR (95% CI) p Value

ARB vs none 0.36 (0.15–0.84) 0.02 0.37 (0.13–1.06) 0.06

ARB vs ACE-I 0.78 (0.26–2.33) 0.65 0.21 (0.04–0.99) 0.05

ARB vs diuretic 0.99 (0.32–3.03) 0.99 1.12 (0.29–4.30) 0.87

ARB vs BB 0.68 (0.26–1.84) 0.45 0.56 (0.18–1.75) 0.32

ARB vs CCB 0.78 (0.30–2.00) 0.61 0.40 (0.13–1.24) 0.11

ACE-I vs none 0.45 (0.26–0.79) 0.005c 0.53 (0.26–1.08) 0.08

ACE-I vs diuretic 1.09 (0.55–2.15) 0.81 1.13 (0.55–2.33) 0.74

ACE-I vs BB 0.61 (0.30–1.22) 0.16 0.82 (0.39–1.75) 0.61

ACE-I vs CCB 0.79 (0.39–1.60) 0.52 0.94 (0.43–2.01) 0.89

Diuretic vs none 0.39 (0.22–0.69) 0.001d 0.38 (0.20–0.73) 0.004c

Diuretic vs BB 0.64 (0.32–1.25) 0.19 0.58 (0.28–1.23) 0.16

Diuretic vs CCB 0.66 (0.32–1.34) 0.25 0.38 (0.17–0.86) 0.02

BB vs none 0.60 (0.35–1.02) 0.06 0.56 (0.30–1.01) 0.05

BB vs CCB 1.13 (0.57–2.26) 0.72 1.04 (0.47–2.27) 0.93

CCB vs none 0.56 (0.31–0.98) 0.04 0.79 (0.37–1.66) 0.53

Abbreviations: ACE-I 5 angiotensin-converting enzyme inhibitor; AD 5 Alzheimer disease;
ARB 5 angiotensin-1 receptor blocker; BB 5 b-blocker; BMI 5 body mass index; CCB 5

calcium channel blocker; CI 5 confidence interval; DBP 5 diastolic blood pressure; HR 5

hazard ratio; MCI 5 mild cognitive impairment; SBP 5 systolic blood pressure.
a ARB, diuretics, ACE-I, CCB, and BB were each used without concurrent use of any other
type of antihypertensive medication.
bNone 5 no antihypertensive medication use.
cp # 0.005.
dp # 0.001.
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ARB, and ACE-I users, suggesting an additional ben-
eficial effect of these antihypertensive medication
groups on the risk of AD dementia.

There were a number of advantages of this study.
First, our study included a large, well-characterized
cohort, screened extensively to be free of baseline
dementia. Second, medication use was visually vali-
dated and we had sufficient power to separate diuretic,
ARB, ACE-I, CCB, or BB users by excluding those
who reported concomitant use of any medications.
However, we cannot account for effects of prior blood
pressure levels, including severity, and for past medica-
tion use. The strength of exclusion of multiple antihy-
pertensive medication users from our analysis may also

be considered a weakness, because these may have had
more severe HTN. Additionally, we were able to strat-
ify medication user groups according to their mean
SBP throughout the whole study, thus taking into
account the effect of elevated SBP on the risk of AD.

This study also had limitations. Our study was a
post hoc analysis; therefore, these data were not col-
lected with our hypothesis as a primary outcome, thus
it introduces biases. Our study population was highly
educated and homogeneous for race, limiting general-
izability. Although medications were visually inspected
during visits, we could not accurately determine com-
pliance and did not have information on prior use of
these medications. As in all observational studies, our
results may also be vulnerable to confounding. We
sought to address confounding by adjusting for history
of HTN, CHF, DM, and coronary artery disease, all of
which are implicated in AD dementia and are main in-
dications for use of diuretics, ARB, and ACE-I. Addi-
tionally, the study design introduced potential residual
confounding because antihypertensive medication
users may have received a diagnosis of vascular demen-
tia in a larger proportion, which was addressed by evalu-
ating associations between antihypertensive medication
use and risk also for all-cause and vascular dementia.
We found significant risk reduction among ARB and
diuretic users in all-cause dementia, but none in vascular
dementia (tables e-1 and e-2 on theNeurology® Web site
at www.neurology.org). Another potential limitation is
survival bias, because users of these medications might be
more likely to die because of the increased mortality risk
associated with HTN. However, this was addressed by
performing a competing risk regression analysis between
incidence of AD dementia and of death among diuretic,
ARB, ACE-I, and no antihypertensive medication users,
and we found similar incidence of death across the
different groups, suggesting no competing risk of
mortality. Because there is a large cost difference
between ARB and other antihypertensive medications,
we cannot rule out substantial residual confounding by
socioeconomic status among ARB users, because our
categories were based on income only. However, it was
noted that diuretic, ARB, and BB users and those who
did not use antihypertensive medication did not differ in
terms of their income.

This post hoc longitudinal analysis found that diu-
retic, ARB, or ACE-I use was associated with reduced
risk of AD among participants with normal cognition,
with similar trends among participants with MCI. The
consistent pattern of reduced risk of AD dementia
associated with these medications warrants further,
more mechanistic approaches, such as the use of imag-
ing, to better understand the biological basis of these
associations. This could lead to identification of phar-
macologic targets for preventive interventions to slow
cognitive decline and possibly delay progression to

Table 5 HRs from Cox regression analyses: AD associated with length of
medication use (ARB, ACE-I, diuretic, BB, and CCB) in participants with
normal cognition and MCI at baselinea

Medication

AD

Model 1 (unadjusted)

Model 2 (adjusted: age, sex,
education, income, no. of
vascular diseases, BMI, SBP,
DBP, MCI)

HR (95% CI) p Value HR (95% CI) p Value

Diuretic

Never used

1 0.98 (0.61–1.59) 0.94 0.71 (0.41–1.23) 0.22

‡2 0.49 (0.39–0.71) 0.0002b 0.40 (0.26–0.61) ,0.0001b

ACE-I

Never used

1 0.55 (0.43–0.97) 0.004c 0.47 (0.25–0.88) 0.01d

‡2 0.65 (0.45–0.95) 0.003c 0.60 (0.38–0.94) 0.02

ARB

Never used

1 0.39 (0.14–1.07) 0.07 0.29 (0.09–0.95) 0.04

‡2 0.46 (0.25–0.84) 0.01d 0.37 (0.19–0.72) 0.004c

CCB

Never used

1 0.81 (0.44–1.47) 0.48 0.67 (0.35–1.28) 0.22

‡2 0.77 (0.53–1.14) 0.20 0.67 (0.42–1.08) 0.10

BB

Never used

1 0.49 (0.28–0.86) 0.01d 0.45 (0.25–0.82) 0.01d

‡2 0.74 (0.52–1.04) 0.08 0.70 (0.48–1.03) 0.07

Abbreviations: ACE-I 5 angiotensin-converting enzyme inhibitor; AD 5 Alzheimer disease;
ARB 5 angiotensin-1 receptor blocker; BB 5 b-blocker; BMI 5 body mass index; CCB 5

calcium channel blocker; CI 5 confidence interval; DBP 5 diastolic blood pressure; HR 5

hazard ratio; MCI 5 mild cognitive impairment; SBP 5 systolic blood pressure.
a ARB, diuretics, ACE-I, CCB, and BB were each used without concurrent use of any other
type of antihypertensive medication.
bp # 0.001.
cp # 0.005.
dp # 0.01.
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AD dementia. This additional evidence could help the
clinician choosing an antihypertensive medication
based not only on blood pressure control, but also
on additional benefits.
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