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Abstract Background: To investigate the association between diuretics, angiotensin-converting enzyme
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inhibitors (ACE-I), angiotensin II receptor blockers (AT2RB), and cognitive function.
Methods: This post hoc analysis of the randomized controlled Ginkgo Evaluation of Memory Study
trial focuses on 3069 nondemented community-dwelling participants aged .75 years. At baseline
visit, detailed information about medication use was collected and five cognitive domains were
assessed. Multivariate linear regression analyses were used to assess cross-sectional associations
between medication use and cognitive function.
Results: In all, 36% of participants reported history of hypertension and 53% reported antihyperten-
sive medication use, with 17% reporting diuretic, 11% ACE-I, and 2% AT2RB use. Potassium-
sparing diuretic use (N 5 192) was associated with better verbal learning and memory measured
by California Verbal Learning Test as compared with no antihypertensive medication users (b 5
0.068, P 5 .01; b 5 0.094, P , .001) and other antihypertensive medication users (b 5 0.080,
P 5 .03; b 5 0.153, P , .001). Use of ACE-I or AT2RB was not associated with better cognitive
function.
Conclusion: Results warrant further investigation into possible protective effects of potassium-
sparing diuretics and the role of potassium in mitigating cognitive decline.
� 2012 The Alzheimer’s Association. All rights reserved.
Keywords: Cognitive function; Diuretic; Angiotensin-converting enzyme inhibitor; Angiotensin receptor blocker
1. Introduction

There is increasing awareness of a possible role of the
brain renin-angiotensin system (RAS) in cognitive function
and Alzheimer’s disease (AD). In animal studies, continuous
activation of the RAS through the angiotensin II type 1
receptor is associated with decreased cerebral blood flow
and increased oxidative stress that may impair cognitive
function [1]. Numerous randomized clinical trials have eval-
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uated effects of angiotensin-converting enzyme inhibitors
(ACE-I) and angiotensin II receptor blockers (AT2RB),
which act on the RAS and on cognitive function in hyperten-
sive patients, giving mixed results [2–9]. Additionally,
studies found no protective effect on cognitive decline of
ACE-I, AT2RB, and combined ACE-I and AT2RB use in
participants with cardiovascular disease or diabetes [10]
and of AT2RB use in participants with recent ischemic
stroke [11]. Most studies of these medications are con-
founded by combined use with beta blockers, diuretics, or
each other. Additionally, they were unable to specify the
type of antihypertensive medications, and cognitive function
eserved.
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was often a secondary endpoint, measured by instruments
designed to screen for cognitive impairment. However, one
small clinical trial found that use of blood-brain barrier
crossing (BBBC) ACE-Is decreased the rate of global cogni-
tive decline in subjects with AD [12]. In our recent study,
diuretic and ACE-I use for .3 years was associated with
reduced incidence of impairments in memory and executive
function [13].

On the basis of these findings, we hypothesized that use of
diuretics, ACE-Is, or AT2RBs would be associated with bet-
ter performance in memory and possibly other domains of
cognitive function. In a large national study, the Ginkgo
Evaluation of Memory Study (GEMS) [14], we examined
whether the reported use of diuretics, ACE-I, or AT2RB
was associated with better function in domains beyond
global cognition, including psychomotor speed, executive
function, verbal learning and memory, and visuospatial
function, in nondemented community-dwelling participants
aged �75 years.
2. Methods

2.1. Participants and study design

This study is a post hoc analysis of baseline cognitive data
of the randomized controlled GEMS trial. The GEMS is
a double-blind, randomized, controlled clinical trial of
3072 nondemented individuals aged �75 years to assess
Ginkgo biloba 240 mg/d versus placebo for the prevention
of dementia over a period of 6.1 years. This trial was
conducted under an investigational new drug application
with the Food and Drug Administration under the auspices
of National Center of Complementary and Alternative Med-
icine and registered at clinicaltrials.gov (Trial Registration
Identifier: NCT00010803). Details and results of the study
have been published previously [14–16]. Because of
ineligibility, three participants were later excluded after
randomization, leaving 3069 cognitively intact participants
aged between 75 and 96 years. Participants were recruited
from four communities in the United States: Hagerstown,
MD; Pittsburgh, PA; Winston-Salem/Greensboro, NC;
and Sacramento, CA. At each stage of the recruitment pro-
cess, cognitive, medical, and other exclusion criteria were
applied [14].

Screening visits included the Modified Mini-Mental State
Examination (3MS) [17] and participants with a score of�80
were allowed to progress to amore rigorous battery of 14 neu-
ropsychological tests [14]. Participants were eligible for entry
into the GEMS if they achieved passing scores on all or all but
one cognitive domain andmet all other criteria [14], which al-
lowed participants with normal cognition or mild cognitive
impairment to be enrolled in the study. Demographic and
baseline health characteristics were assessed using question-
naires, and included age, race, gender, and years of education.
Anthropometric measures included height and weight. Co-
morbidities, including depressive symptoms, were ascer-
tained and measured by the Center for Epidemiologic
Studies Depression Scale [18], andmedical historywas based
on self-report of a history of 16 diseases, including myocar-
dial infarction, angina, stroke, transient ischemic attack
(TIA), heart failure, hypertension (HTN), diabetes mellitus
(DM), and atrial fibrillation.
2.2. Exposure assessment

Detailed information about medication use was collected
at each visit by asking participants to bring in all prescribed
medications, prescriptions, and over-the-counter medica-
tions. All available medication vials were visually inspected.
Data regarding names, dosages, frequency of prescription,
frequency of medication actually taken in the past 2 weeks,
and routes of administration were recorded and entered in a
medication database designed to match each drug with
a numerical code that could be used for categorizing drugs.
Medications were coded by drug class as diuretics (amiloride,
bumetanide, chlorthalidone, chlorothiazide, ethacrynic
acid, furosemide, hydrochlorothiazide, indapamide, metola-
zone, methylchlorothiazide, spironolactone, torsemide,
triamterene), ACE-I (benazepril, captopril, enalapril, fosino-
pril, lisinopril, moexipril, perindopril, quinapril, ramipril,
trandolapril), or AT2RB (candesartan, eprosartan, irbesartan,
losartan, telmisartan, valsartan). Diuretics were further di-
vided into those that were potassium-sparing ([Ksparing]
amiloride, spironolactone, triamterene) and those that were
nonpotassium-sparing ([KNsparing] bumetanide, chlorthali-
done, chlorothiazide, ethacrynic acid, furosemide, hydrochlo-
rothiazide, indapamide, metolazone, methylchlorothiazide,
torsemide), based on previous findings that only Ksparing
diuretics decreased the incidence of AD [19,20]. In
addition, diuretics were also divided into thiazide diuretics
(amiloride, chlorthalidone, chlorothiazide, hydrochloro-
thiazide, metolazone, methylchlorothiazide, spironolactone,
triamterene), which are effective antihypertensive agents,
and loop diuretics (bumetanide, furosemide, torsemide,
ethacrynic acid), which are more often used for diuresis.
ACE-Is were further divided into those that cross the blood-
brain barrier (BBBC) (captopril, fosinopril, lisinopril, peri-
ndopril, ramipril, trandolapril) and those that do not cross
the blood-brain barrier (BBBNC) (benazepril, enalapril,
moexipril, quinapril). This classification was used to address
previous findings that use of BBBCACE-I decreased the rate
of cognitive decline in mild to moderate AD and in initially
cognitively normal participants [12,21]. Classification was
primarily based on reviews of the literature and medication
package inserts.
2.3. Outcome measures

The baseline cognitive test battery was designed to com-
prehensively assess major domains of cognitive function in
healthy older adults, and to be maximally sensitive to normal
age-related changes in cognition and to pathological changes
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associated with incident dementia [22,23]. Five major
cognitive domains were assessed, which included attention
and psychomotor speed; verbal and visual memory;
language function; visuospatial, constructional function;
and executive function. Cut-off scores for impairment were
derived from the Cardiovascular Health Study (CHS) cogni-
tion study [24,25]. In the present study, we assessed the
associations of medications and global cognitive status
(3MS), verbal learning and memory (California Verbal
Learning Test-short delayed free recall [CVLT-FRS],
CVLT-long delayed free recall [FRL] [26], and CVLT-sum
of trials [CVLT-Sum] 1 to 5 of List A), visuospatial construc-
tion (Modified Rey-Osterrieth Complex Figure Test copy
[RO-Copy] [27]), visual learning and memory (RO-immedi-
ate recall [RO-IR] and RO-delayed recall [RO-DR] [27]), at-
tention and psychomotor speed (Trail Making Test Part A
[TMT-A] [28]), and executive function (Trail Making Test
Part B [TMT-B] [28]).
2.4. Statistical analyses

The main objective was to estimate the associations
between diuretic, ACE-I, and AT2RB use and baseline cog-
nitive functions. Of the 3069 nondemented participants at
baseline, 362 (11%) were excluded because they reported
concurrent use of ACE-I and diuretics (N 5 179), or ACE-
Is and AT2RBs (N 5 1), or diuretics and AT2RBs (N 5
53), or beta blockers and diuretics (N5 101), or vasodilators
and diuretics (N 5 28), resulting in a final sample of 2707
participants for comparative analyses. Of these, 1318 re-
ported no use of antihypertensive medications, 560 reported
use of other types of antihypertensive medications (calcium
channel blockers, b-receptor blockers, vasodilators), 459
reported diuretic use only, 309 reported ACE-I use only,
and 61 reported AT2RB use only. The 362 participants
who were not included did not differ in demographic or cog-
nitive characteristics from the study sample.

We compared baseline characteristics of diuretic, ACE-I,
and AT2RB users with nondrug (C) and other types of anti-
hypertensive drug (O)-treated participants using compari-
sons between groups for outcomes by analysis of variance
or Chi-square test.

Multivariate linear regression analyses were used to eval-
uate the association between cognition across domains and
antihypertensive medication use by using SAS version 9.1.
(SAS Institute Inc., Cary, NC), and unstandardized regres-
sion coefficients were reported. The results were considered
significant if P , .05 in two-tailed comparisons.

To assess the possible associations between specific anti-
hypertensive medications (diuretic, ACE-I, or AT2RB), we
used other antihypertensive drug-treated group as one con-
trol group, and to assess the possible role of HTN and its
treatment, we used nondrug treated-group as another control
group. The other antihypertensive drug group included par-
ticipants reporting use of calcium channel blockers, beta
blockers, or vasodilators and at the same time did not report
use of diuretic, ACE-I, or AT2RB. First, we evaluated the
associations between diuretics and cognitive function as
compared with the two different control groups. Then, in
separate analyses, we stratified diuretic use according to
use of loop or thiazide diuretics and according to the use
of Ksparing and KNsparing diuretics. Similar analyses
were carried out to evaluate the associations between
ACE-I and AT2RB use on cognitive functions as compared
with the two different control groups. Analyses were then
stratified according to the use of BBBC and BBBNC ACE-I.

Analyses were adjusted for the potential confounding
effects of age, gender, race (categorized as white vs non-
white), education (categorized as ,12, 12, .12 years of
education), income (categorized as ,$36,000/yr, $36,000–
52,500/yr, .$52,500/yr), and health-related behaviors, in-
cluding smoking status (never, former, current) and alcohol
consumption (per week : never, former, ,1 drink/wk, �1
drink/wk, �1 drink/d, and �2 drink/d). Analyses were also
individually adjusted for comorbidities, such as history of
HTN, stroke (cerebrovascular accident [CVA]) or TIA,
DM, congestive heart failure (CHF), coronary artery disease
(CAD), renal disease (measured by serum creatinine, mg/
dL), depression (measured by using Center for Epidemio-
logic Studies Depression Scale), body mass index (kg/m2),
and mean systolic blood pressure (SBP, mm Hg) and dia-
stolic blood pressure (mm Hg).
3. Results

3.1. Participants

The mean age of the 2707 participants was 78.6 years,
among which 55% were male, 96% were white, and 64%
had college education. A total of 36% reported HTN, and
mean systolic (SD) and diastolic blood pressures were
135.32 (3.89) and 69.09 (0.9) mm Hg, respectively. The
prevalence of DM, CAD, CHF, and CVA was 8%, 18%,
1%, and 3%, respectively (Table 1). The baseline means
(SD) 3MS, CVLT-FRS and FRL scores, and TMT-A and
TMT-B periods (seconds) were indicative of a high function-
ing sample (Table 2).

Of the 2707 participants included in the analyses, 53% re-
ported antihypertensive medication use. Specifically, 17%
reported diuretic, 11% ACE-I, 2% AT2RB, and 21% other
antihypertensive medication use. Diuretic and AT2RB users
were predominantly women, whereas ACE-I and other anti-
hypertensive drug users were predominantly men. Diuretic,
ACE-I, AT2RB, and other antihypertensive drug users had
a higher prevalence of HTN, CAD, TIA, and CVA, whereas
ACE-I and diuretic users had a higher prevalence of CHF
and impaired renal function, and ACE-I and AT2RB had
higher prevalence of DM, when compared with the nondrug
group. All antihypertensive medication users, including
other antihypertensive drug, diuretic, ACE-I, and AT2RB
users, had higher SBP as compared with the nondrug group
(Table 1). There were no significant differences in baseline



Table 1

Demographics and baseline characteristics of study participants

Overall Nondrug group (C)

Other antihypertensive

drug group (O) ACE-I users Diuretic users AT2RB Users

PCharacteristics N (%) N (%) N (%) N (%) N (%) N (%)

N 2707 1318 (48) 560 (21) 309 (11) 459 (17) 61 (2)

Age, mean (SD) 78.5 6 3.3 78.7 6 3.3 78.6 6 3.1 78.8 6 3.4 78.6 6 3.5 .494

Gender .000

Male 1476 (55) 688 (52) 380 (68) 196 (63) 182 (40) 30 (49)

Race .027

White 2593 (96) 1278 (97) 531 (95) 296 (96) 430 (94) 58 (95)

Education .063

,12 years 293 (11) 135 (10) 53 (9) 34 (11) 61 (13) 10 (16)

512 years 671 (25) 309 (23) 141 (25) 83 (27) 115 (25) 23 (38)

.12 years 1743 (64) 874 (66) 366 (65) 192 (62) 283 (62) 28 (46)

Income .133

36,000 706 (26) 329 (25) 148 (26) 89 (29) 125 (27) 15 (25)

36,000–52,000 1332 (49) 648 (49) 269 (48) 135 (44) 245 (53) 35 (57)

.52,500 658 (25) 339 (26) 141 (25) 82 (27) 86 (19) 10 (16)

Smoking .043

Never 1080 (41) 538 (41) 208 (37) 109 (35) 204 (44) 21 (34)

Former 1456 (54) 697 (53) 320 (57) 174 (56) 227 (49) 38 (62)

Current 121 (5) 63 (5) 22 (4) 19 (6) 17 (4) 0 (0)

Hx HTN 984 (36) 57 (4) 307 (55) 238 (77) 329 (72) 53 (87) .000

Hx. DM 216 (8) 57 (4) 40 (7) 76 (25) 33 (7) 10 (16) .000

Hx. CAD 481 (18) 116 (9) 180 (32) 76 (25) 92 (20) 17 (28) .000

Hx. CVA 77 (3) 24 (2) 15 (2) 17 (6) 19 (4) 2 (3) .003

Hx. TIA 189 (7) 50 (4) 55 (10) 32 (10) 43 (9) 9 (15) .000

Hx. CHF 37 (1) 7 (1) 9 (2) 12 (4) 9 (2) 0 (0) .000

Hx. AF 207 (8) 65 (5) 72 (13) 34 (11) 30 (7) 6 (10) .000

BMI, mean (SD) 26.9 6 4.2 26.2 6 4.0 27.1 6 3.9 27.1 6 4.1 28.3 6 4.5 28.6 6 4.4 .000

SBP, mean (SD) 132.9 6 18.2 130.6 6 17.2 135.1 6 18.9 135.2 6 19.9 134.3 6 17.4 141.4 6 20.7 .000

DBP, mean (SD) 69.0 6 9.8 69.1 6 9.4 69.2 6 10.1 67.8 6 10.9 68.8 6 9.9 70.3 6 10.5 .195

Serum creatinine,

mean (SD)

0.98 6 0.23 0.94 6 0.2 1.00 6 0.23 1.05 6 0.26 1.04 6 0.26 0.98 6 0.23 .000

Abbreviations: HX, history; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease including heart attack, angina, and coronary bypass

surgery; CVA, cerebrovascular disease; TIA, transient ischemic attack; CHF, congestive heart failure; AF, atrial fibrillation; BMI, body mass index; SBP, sys-

tolic blood pressure; DBP, diastolic blood pressure; ACE-I, angiotensin-converting enzyme inhibitor; AT2RB, angiotensin II receptor blocker.

Values listed are N% or mean 6 SD.

P values are comparisons across 5 groups by analysis of variance or Chi-square test.
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characteristics between BBBC (N 5 207) and BBBNC
ACE-I users (N 5 102) or between Ksparing (N 5 192)
and KNsparing diuretics users (N 5 267) (data not shown).

There were no significant differences in baseline cogni-
tive functions between control groups and ACE-I and
AT2RB (Table 2).
3.2. Diuretic, ACE-I, and AT2RB use and cognitive
function

In multivariate regression analyses, we found that other
antihypertensive drug and nondrug group did not differ in fol-
lowing cognitive functions assessed in this study: 3MS,
TMT-A, TMT-B, CVLT-FSR, CVLT-FLR, CVLT-Sum,
RO-IR, RO-DR, RO-Copy (3MS: b 5 20.007, SE 5 0.25,
P 5 .76; TMT-A: b 5 20.007, SE 5 0.87, P 5 .77; TMT-
B: b 5 20.035, SE 5 2.3, P 5 .13; CVLT-FSR: b 5
20.005, SE 5 0.17, P 5 .82; CVLT-FLR: b 5 20.019, SE
5 0.17, P 5 .43; CVLT-Sum: b 5 20.020, SE 5 0.54,
P 5 .40; RO-IR: b 5 20.033, SE 5 0.23, P 5 .18;
RO-DR: b 5 20.014, SE 5 0.23, P 5 .57; RO-COPY: b 5
20.017, SE 5 0.15, P 5 .48).

Diuretic use was associated with better verbal learning
and memory (CVLT-FRS, CVLT-FRL, and CVLT-Sum)
when compared with nondrug group (b 5 0.048, SE 5
0.18, P 5 .05; b 5 0.048, SE 5 0.18, P 5 .05; b 5 0.057,
SE5 0.57, P5 .02, respectively) and other antihypertensive
drug group (b5 0.053, SE5 0.21, P5 .1; b5 0.076, SE5
0.21, P5 .02; b5 0.104, SE5 0.64, P, .001, respectively)
(Table 3). Further, the diuretic use was classified according
to the use of loop or thiazide diuretics and no association
was found between loop or thiazide diuretics and cognitive
functions. However, when diuretics were stratified according
to the use of Ksparing and KNsparing, it was found that
Ksparing diuretics were responsible for the better perfor-
mance on verbal learning and memory (CVLT-FRS,
CVLT-FRL, and CVLT-Sum) when compared with the non-
drug group (b5 0.068, SE5 0.25, P5 .01; b5 0.094, SE5



Table 2

Baseline cognitive characteristics of study participants

Cognitive tests Overall Nondrug group (C)

Other antihypertensive

drug group (O) ACE-I users Diuretic users AT2RB users

3MS 93.4 6 4.7 93.6 6 4.7 93.1 6 4.7 93.1 6 4.4 93.4 6 4.6 92.4 6 4.8

TMT-A 43.7 6 16.3 43.3 6 16.1 44.0 6 16.2 43.7 6 14.5 44.6 6 18.1 43.4 6 17.2

TMT-B 110.7 6 45.2 107.2 6 43.8 113.5 6 46.4 111 6 42.4 116.6 6 47.8 113.7 6 50.1

CVLT-FRS 8.1 6 3.2 8.2 6 3.2 7.7 6 3.2 7.9 6 3.0 8.3 6 3.1 8.2 6 3.1

CVLT-FRL 8.8 6 3.2 8.9 6 3.3 8.4 6 3.2 8.7 6 3.3 9.2 6 3.0 9.2 6 2.9

CVLT-Sum 43.3 6 10.5 43.7 6 10.8 41.6 6 10.1 42.2 6 10.3 44.9 6 9.7 43.6 6 10.7

RO-IR 14.7 6 4.3 14.9 6 4.3 14.6 6 4.1 14.6 6 4.2 14.3 6 4.2 14.2 6 4.1

RO-DR 13.8 6 4.3 14.0 6 4.4 13.8 6 4.1 13.8 6 4.3 13.3 6 4.2 13.7 6 4.2

RO-Copy 20.0 6 2.8 20.0 6 2.8 20.0 6 2.7 19.9 6 2.8 20 6 2.9 19.7 6 2.5

Abbreviations: 3MS, ModifiedMini-Mental State Examination; TMT-A, trail making test, part A; TMT-B, trail making test, part B; CVLT, California Verbal

Learning Test; CVLT-FRS, CVLT-short delayed free recall; CVLT-FRL, CVLT-long delayed free recall; CVLT-Sum, CVLT-sum of trials (1 to 5 of List A), RO,

Rey-Osterrieth complex figure test (RO-IR, immediate recall; RO-DR, delayed recall; RO-Copy, copy).

Values listed are mean 6 SD.
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0.25, P, .001; b5 0.067, SE5 0.81, P5 .01, respectively)
and other antihypertensive drug group (b 5 0.080, SE 5
0.28, P 5 .03; b 5 0.153, SE 5 0.28, P , .001; b 5
0.126, SE 5 0.85, P , .001, respectively) (Table 3).

In contrast, no differenceswere found in any of the six cog-
nitive outcomes between those receiving either ACE-Is and
AT2RBs and those not receiving when compared with non-
drug or other antihypertensive drug group (Table 4). Stratifica-
tion of ACE-Is according to blood-brain barrier permeability
was not associated with better cognitive function (Table 4).
4. Discussion

In this cross-sectional study of nondemented, community-
dwelling older participants of the GEMS clinical trial, we
evaluated associations between use of diuretics, ACE-I,
and AT2RB on key domains of cognition, including psycho-
motor speed, executive function, verbal learning and mem-
ory, and visuospatial function. We demonstrated that
Ksparing diuretic use was selectively associated with better
Table 3

Cross-sectional multivariate linear regression association of cognitive function betw

antihypertensive medication users

Medications N

3MS TMT-A TMT-B CVLT-FRS

b SE b SE b SE b SE

Diuretic vs C 459 0.028 0.26 0.017 0.98 0.043 2.51 0.048* 0.18

Diuretic vs O 0.026 0.30 0.021 1.17 0.036 3.09 0.053 0.21

Loop vs C 111 20.052 0.50 0.007 1.81 0.046 4.62 20.002 0.34

Loop vs O 20.076 0.53 0.021 1.94 0.047 5.17 20.012 0.36

Thiazide vs C 165 0.023 0.38 0.018 1.40 0.046 3.59 0.017 0.26

Thiazide vs O 0.019 0.42 0.032 1.59 0.051 4.24 0.021 0.28

Ksparing vs C 192 0.041 0.36 0.015 1.30 0.014 3.43 0.068y 0.25

Ksparing vs O 0.049 0.40 0.007 1.44 20.004 4.05 0.080y 0.28

KNsparing vs C 267 20.001 0.32 0.013 1.21 0.054* 3.01 0.010 0.22

KNsparing vs O 20.011 0.36 0.032 1.41 0.057 3.62 0.011 0.24

Abbreviations: b, beta coefficient; SE, standard error; C, no antihypertensive m

blockers, beta blockers, others).

*P , .05.
yP , .01.
zP , .001.
performance on verbal learning and memory, as compared
with other and no antihypertensive medication users. Al-
though observed associations were modest, they were highly
significant and selective.

Numerous clinical trials have assessed antihypertensive
medications and their effects on cognitive function with
mixed results. Some clinical trials showed protective effects
of diuretics [2] and ACE-Is [3,29], whereas others showed
no effect of ACE-Is [2,4,10,30], thiazide diuretics
[4,31,32], or AT2RBs [7,10,11]. These studies had two key
weaknesses. First, they were unable to specify the type of
antihypertensive medications. Second, cognitive function
was often a secondary endpoint, measured by using blunt
instruments designed to screen for cognitive impairment.
In this study, we extended our previous work in
community-dwelling older individuals, where we observed
that diuretic and ACE-I use for more than 3 years was selec-
tively associated with reduced incidence of impairment in
memory and executive function [13]. Other prospective
studies also suggested protective effects of Ksparing
een diuretic users compared with no antihypertensive medication and other

CVLT-FRL CVLT-Sum RO-IR RO-DR RO-Copy

b SE b SE b SE b SE b SE

0.048* 0.18 0.057y 0.57 20.002 0.25 20.019 0.25 0.033 0.17

0.076* 0.21 0.104z 0.64 0.021 0.28 20.013 0.28 0.025 0.19

0.030 0.34 0.002 1.10 20.028 0.47 20.051 0.47 0.016 0.31

20.026 0.36 0.026 1.11 20.036 0.47 20.087* 0.47 0.014 0.31

20.004 0.26 0.028 0.84 20.002 0.36 20.015 0.36 0.011 0.24

0.011 0.29 0.065 0.89 0.019 0.39 20.019 0.38 20.004 0.26

0.094z 0.25 0.067y 0.81 0.006 0.35 0.004 0.35 0.026 0.23

0.153z 0.28 0.126z 0.85 0.024 0.36 0.015 0.36 0.018 0.25

20.017 0.22 0.023 0.71 20.010 0.31 20.034 0.31 0.025 0.20

20.006 0.24 0.059 0.76 20.008 0.34 20.046 0.33 0.017 0.22

edication use; O, other antihypertensive medication use (calcium channel



Table 4

Cross-sectional multivariate linear regression association of cognitive function betweenACE-I and AT2RB users compared with no antihypertensivemedication

or other antihypertensive medication users

Medication N

3MS TMT-A TMT-B CVLT-FRS CVLT-FRL CVLT-Sum RO-IR RO-DR RO-Copy

b SE b SE b SE b SE b SE b SE b SE b SE b SE

ACE-I vs C 309 20.014 0.31 0.001 1.1 20.007 2.9 0.018 0.21 0.011 0.21 0.001 0.69 20.020 0.30 20.012 0.30 20.040 0.20

ACE-I vs O 20.020 0.33 20.009 1.2 20.025 3.2 0.029 0.23 0.034 0.23 0.009 0.72 0.009 0.31 0.004 0.31 20.013 0.21

ACE-I BBBC vs C 207 20.007 0.36 0.005 1.3 20.011 3.3 0.004 0.25 0.002 0.25 20.011 0.81 20.028 0.35 20.023 0.35 20.015 0.23

ACE-I BBBC vs O 0.011 0.38 20.002 1.3 20.023 3.7 0.009 0.26 0.021 0.27 20.010 0.82 20.002 0.35 20.009 0.36 20.021 0.23

ACE-I BBBNC vs C 102 20.015 0.49 20.008 1.7 20.004 4.5 0.031 0.33 0.016 0.33 0.022 1.1 20.001 0.47 0.008 0.46 0.012 0.30

ACE-I BBBNC vs O 20.026 0.51 20.016 1.8 20.019 5.0 0.039 0.35 0.038 0.35 0.034 1.1 0.017 0.46 0.021 0.45 0.009 0.30

AT2RB vs C 61 20.027 0.62 20.009 2.2 20.001 5.7 0.026 0.42 0.028 0.42 0.016 1.4 20.011 0.59 0.008 0.59 0.004 0.38

AT2RB vs O 20.063 0.64 20.020 2.3 20.014 6.3 0.024 0.43 0.036 0.44 0.016 1.4 20.019 0.58 20.006 0.57 20.029 0.38

Abbreviations: BBBC, blood-brain barrier crossing; BBBNC, blood-brain barrier noncrossing.
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diuretics on the development of AD [20] and on global cog-
nitive decline in subjects with AD [19].

In this study, use ofKsparing diureticswas associatedwith
better verbal learning and memory, when compared with no
antihypertensive medication users, but also when compared
with other antihypertensive medication users. The two con-
trol groups had either similar (other antihypertensivemedica-
tion group) or lower (no antihypertensive medication group)
SBP than the diuretic users, which suggest a drug-specific ef-
fect rather than an effect resulting from blood pressure low-
ering. There was no difference between thiazide or loop
diuretic users, suggesting that the observed protective associ-
ations of Ksparing diuretics may have resulted from in-
creased potassium levels. Potassium lowers blood pressure
[33] through a vasodilator effect [34,35]; however, there is
also evidence that potassium may be lowering blood
pressure by decreasing oxidative stress or inflammation
[36,37], both of which may accelerate mechanisms
involved in neurodegenerative diseases, such as AD [38,39]
and other age-related diseases [40,41]. One prospective
study showed a positive relationship between low midlife
serum potassium levels and low late-life cerebrospinal fluid
levels of amyloid-beta (Ab42), a hallmark for AD that was
independent of blood pressure [42]. These findings in con-
junction with the findings of present study in nondemented
older adults suggest involvement of low serum potassium
levels in the neurodegenerative process ofAD.Oneweakness
of the present study is that serum potassium level was un-
available, as a result of which its possible association with
cognitive functions could not be evaluated. Our findings
could also be because of the fact thatmorewomenwere using
diuretics. However, because 60% of Ksparing and also 60%
of KNsparing diuretic users were women, gender cannot ex-
plain the positive associations on learning and memory of
Ksparing diuretics.

The reported use of ACE-Is and AT2RBs was not associ-
ated with better cognitive functions, confirming the previous
negative findings in randomized controlled clinical trials
[2,4,5,7,9–11]. However, these results are in contrast with
our recent prospective study in which ACE-I use for .3
years was associated with a reduced incidence of cognitive
impairment [13] and another study, in which centrally acting
ACE-Is slowed the decline of global cognitive function [21].
These conflicting results could be explained by the fact that
positive associations in both studies were observed for
cumulative use of ACE-Is, which wewere not able to capture
in this cross-sectional study, and the same could be true for
AT2RBs. Additionally, the small number of AT2RB users
may have limited our ability to detect a significant associa-
tion and increased the likelihood of type II error.

There are several advantages of this study. First, our study
included a large, well characterized cohort of volunteers
who were extensively screened to be free of baseline demen-
tia by using an extensive battery of cognitive and clinical
measures. Second, medication use was visually validated.
Third, we had sufficient power to separate diuretic and
ACE-I users by excluding those who reported concomitant
use of any of these medications. Nonetheless, we cannot
account for the effect of past blood pressure levels, such as
severity and length, and for medication use because we did
not know what the participants were taking before this study.
The strength of exclusion of multiple antihypertensive med-
ication users from our analysis may at the same time be
a weakness because multiple antihypertensive medication
users may have represented a more difficult-to-control
hypertensive group, and this should be eluded in future stud-
ies. Fourth, we were able to use two control groups (no an-
tihypertensive medication users and other antihypertensive
medication users), allowing us to assess drug-specific
effects, independently from history of HTN or current blood
pressure control.

This study also had some limitations, including its cross-
sectional design which precludes assessment of protective
effects. Additionally, our study population was highly edu-
cated and homogenous with respect to race, limiting its gen-
eralizability. Although medications were visually inspected
during visits, we could not accurately determine compliance
and did not have information on previous use of these med-
ications. Similar to 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 CAD, all of which are implicated in cognitive



S. Yasar et al. / Alzheimer’s & Dementia 8 (2012) 188–195194
impairment and are main indications for use of diuretics,
ACE-Is, and AT2RBs. Additionally, in a separate analysis,
we included only those participants with a history of HTN
(N 5 1098) and who were able to replicate our findings in
the Ksparing diuretic user group when compared with non-
drug group (CVLT-FRS: b 5 0.21, P 5 .09; CVLT-FRL:
b 5 0.159, P 5 .025; CVLT-Sum: b 5 0.160, P 5 .02)
and other antihypertensive drug group (CVLT-FRS: b 5
0.071, P 5 .09; CVLT-FRL: b 5 0.155, P , .001; CVLT-
Sum: b 5 0.102, P 5 .01). Another potential limitation is
survival bias because users of antihypertensive medications
might be more likely to die as a result of increased mortality
risk associated with HTN; however, this was addressed by
using a control group of nondrug users which had signifi-
cantly lower blood pressures as compared with all other
groups. Additionally, because there is a large cost difference
between Ksparing diuretics and AT2RBs as compared with
KNsparing diuretics and ACE-Is, we cannot rule out sub-
stantial residual confounding by socioeconomic status as
our categories were based on income only.

In summary, this cross-sectional study found that use of
Ksparing diuretic was associated with better verbal learning
and memory in nondemented older individuals, suggesting
a neuroprotective effect. The consistent and selective pattern
of association between Ksparing diuretic use and memory
warrants further longitudinal investigations to evaluate pos-
sible protective effects of Ksparing diuretics and the role of
potassium in normal aging. Further investigations should
also focus on how these modest differences among healthy
older adults in verbal learning and memory may translate
to patients using Ksparing diuretics, so as to determine clin-
ical relevance. Longitudinal studies are also needed to deter-
mine whether Ksparing diuretic use is associated with
mitigation of cognitive decline over time. This could lead
to improved identification of pharmacologic targets for pre-
ventive interventions to slow cognitive decline and possibly
delay progression to dementia.
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