1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Neurobiol Aging. Author manuscript; available in PMC 2015 November 01.

-, HHS Public Access
«

Published in final edited form as:
Neurobiol Aging. 2014 November ; 35(11): 2429-2435. doi:10.1016/j.neurobiolaging.2014.05.002.

Use of diuretics is associated with reduced risk of Alzheimer’s
disease: the Cache County Study

Yi-Fang Chuang?, John C.S. Breitner?, Yen-Ling Chiu®d, Ara Khachaturian®, Kathleen
Hayden', Chris Corcoran9h, JoAnn Tschanz9!, Maria Norton%J, Ron Munger9, Kathleen
Welsh-Bohmerf, Peter P. Zandi®", and For the Cache County Investigators1

aDepartment of Mental Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA

bDepartment of Psychiatry, McGill University Faculty of Medicine, Montreal, Quebec, Canada
¢Department of Pathology, Johns Hopkins School of Medicine, Baltimore, MD, USA
dDepartment of Medicine, Far-Eastern Memorial Hospital, New Taipei City, Taiwan

®National Supercomputing Center (NSCEE) for Energy and the Environment, University of
Nevada, Las Vegas, NV, USA

fDepartment of Psychiatry and Behavioral Sciences, Duke University School of Medicine,
Durham, NC, USA

9Center for Epidemiologic Studies, Utah State University, Logan, UT, USA
hDepartment of Mathematics and Statistics, Utah State University, Logan, UT, USA
'Department of Psychology, Utah State University, Logan, UT, USA

iDepartment of Family, Consumer, and Human Development, Utah State University, Logan, UT,
USA

Abstract

Although the use of antihypertensive medications has been associated with reduced risk of
Alzheimer’s disease (AD), it remains unclear which class provides the most benefit. The Cache
County Study of Memory Health and Aging is a prospective longitudinal cohort study of
dementing illnesses among the elderly population of Cache County, Utah. Using waves | to IV
data of the Cache County Study, 3417 participants had a mean of 7.1 years of follow-up. Time-
varying use of antihypertensive medications including different class of diuretics, angiotensin
converting enzyme inhibitors, B-blockers, and calcium channel blockers was used to predict the
incidence of AD using Cox proportional hazards analyses. During follow-up, 325 AD cases were
ascertained with a total of 23,590 person-years. Use of any anti-hypertensive medication was
associated with lower incidence of AD (adjusted hazard ratio [aHR], 0.77; 95% confidence
interval [Cl1], 0.61-0.97). Among different classes of antihypertensive medications, thiazide (aHR,
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0.7; 95% ClI, 0.53-0.93), and potassium-sparing diuretics (aHR, 0.69; 95% CI, 0.48-0.99) were
associated with the greatest reduction of AD risk. Thiazide and potassium-sparing diuretics were
associated with decreased risk of AD. The inverse association of potassium-sparing diuretics
confirms an earlier finding in this cohort, now with longer follow-up, and merits further
investigation.
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1. Introduction

Over the past 10 years, clinical trials of new treatments for Alzheimer’s disease (AD) have
resulted in numerous failures and no approvals of new drugs by the U.S. Food and Drug
Administration or the European Union European Medicines Agency (Becker et al., 2008;
Greenberg et al., 2013). Although governments increasingly recognize the burgeoning
public health burden of AD (Rosow et al., 2011), the promise for new breakthrough
treatment or prevention strategies are uncertain at best, given the enormous resources needed
for drug discovery and development (e.g., development times for new drug products often
exceeding 13 years). New approaches are therefore needed to reduce timelines, decrease
costs, and improve the prospects of approval for AD treatments.

In this era of declining resource availability, both public and private, drug repurposing may
offer an efficient alternative to new drug development (Collins, 2011). This approach is not
without its challenges (National Center for Advancing Translational Sciences, 2011). Yet,
the broad class of antihypertensive medications offers multiple agents for investigation in
AD, each having extensive safety data as well as pharmacologic, toxicological, and clinical
data. Moreover, considerable literature describes a possible role of hypertension and
hypertensive vasculopathy as risk factors for both vascular and Alzheimer’s dementia
(Kivipelto et al., 2001; Posner et al., 2002; Skoog and Gustafson, 2006). Several studies
have therefore examined the potential role of antihypertensive (anti-HTN) medications as
modifiers of AD risk.

Prospective observational studies have generally found an inverse association between the
use of antihypertensive therapy and risk of dementia (Guo et al., 1999; Haag et al., 2009;
in’t Veld et al., 2001; Khachaturian et al., 2006; Ohrui et al., 2004; Sink et al., 2009). Three
of these studies found a reduced risk specifically with diuretic use (Guo et al., 1999;
Khachaturian et al., 2006; Yasar et al., 2013), whereas others reported similar findings with
centrally active angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor
blockers (Li et al., 2010; Ohrui et al., 2004; Sink et al., 2009). Unfortunately, the effects of
antihypertensive therapy on dementia incidence in controlled trials have been conflicting
(Anderson et al., 2011; Bosch et al., 2002; Diener et al., 2008; Forette et al., 1998; Lithell et
al., 2003; Peters et al., 2008; The SHEP Cooperative Research Group, 1991; Tzourio et al.,
2003), likely because of short follow-ups and the fact that incidence of dementia or
cognitive decline were frequently secondary outcomes.
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The Cache County Study is a large and well-characterized population-based study that has
followed 5092 older adults up to 12 years since 1995. Using data collected from the first 2
assessments of the study (waves I and I1), we reported that the use of anti-HTN medications
was associated with reduced risk of AD over 4 years of follow-up (Khachaturian et al.,
2006). However, our previous study only used anti-HTN medication information collected at
baseline and had a follow-up period of only 3 years. Two more assessments (waves 1l and
IV) on medication use have subsequently been completed over 7 additional years, allowing
the calculation of time-varying exposure of medications. As a result, with more AD cases
and longer follow-up, we reevaluate the association between anti-HTN medications and risk
of AD.

2. Subjects and methods

2.1. Study overview

The Cache County Study on Memory Health and Aging is a prospective study of the
prevalence and incidence of dementia among elderly adults living in Cache County, Utah.
The details of study design have been described elsewhere (Breitner et al., 1999). Briefly, all
residents of the county aged =65 years in 1995 were invited to participate, and 5092 (90%)
completed baseline assessments and interviews in 1995-1997 (wave I). Living participants
who did not meet criteria for dementia (n = 3024) were then asked to participate in wave Il
(1998-2000), 111 (2002-2004), and 1V (2005-2007) assessments. We used data collected
from all 4 waves for individuals who completed at least 1 follow-up assessment. A buccal
sample for genetic material was collected at wave I, and information on various genetic and
environmental risk factors including demographics, family history, and medical history was
gathered at each wave via detailed interviews. All protocols were approved by the
Institutional Review Boards of Utah State University, Duke University, and Johns Hopkins
University. Spouses or next of kin gave informed consent when participants were unable to
provide it.

2.2. Exposure assessment

Information about medication use was also obtained at each wave using a detailed inventory
of all over-the-counter and prescription medications taken during the prior 2 weeks. For
community-dwelling participants, interviewers inspected all available medication containers
and asked participants questions about the form, dosage, start date, and duration of
medication use. If participants were institutionalized, the information was obtained from
nursing home medication records. Anti-HTN medications were classified into the following
categories: ACE inhibitors, B-blockers, calcium channel blockers, or diuretics. Calcium
channel blockers were further classified into dihydropyridines (e.g., nifedipine and
amlodipine) or nondihydropyrines (e.g., verapamil, bepridil, diltiazem), whereas diuretics
were classified into loop directics (e.g., furosemide, ethacrynic acid, bumetanide), thiazides
(e.g., hydrochlorothiazide, chlorthalidone, etc.), and potassium-sparing agents (e.g.,
spironolactone, triamterene, amiloride). Participants who used more than 1 class of anti-
HTN medication or anti-HTN combination pills were categorized as users of each of the
individual classes.
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2.3. Outcome assessment

At each evaluation, a multistage screening and assessment procedure was used to ascertain
the presence and type of dementia. Participants were initially screened with a revised
version (Tschanz et al., 2002) of the Modified Mini-Mental State examination (Teng and
Chui, 1987) or, for those unable to complete the Modified Mini-Mental State examination,
the Informant Questionnaire for Cognitive Decline in the Elderly (Jorm and Jacomb, 1989)
was administered to a knowledgeable collateral informant. Participants with screening
scores below a predetermined cutoff point were further evaluated (in waves I and I1) using
the Dementia Questionnaire (Silverman et al., 1986). Participants screening positive for
possible cognitive impairment were referred for a detailed clinical evaluation. A 19%
designated subsample of participants and all participants older than the age of 90 (waves |
and I1) or 85 years (waves Il and 1V) were also sent for a clinical evaluation regardless of
their scores on the screening evaluations. The clinical evaluation was conducted by research
nurses and psychometricians and included a clinical and medical history, family history of
dementia, a brief physical examination, a structured neurologic examination, and a 1-hour
battery of neuropsychological tests (Tschanz et al., 2000). Board-certified geriatric
psychiatrists and neuropsychologists then reviewed the results of the clinical evaluations and
assigned working DSM-I11-R (Diagnostic and Statistical Manual of Mental Disorders,
Revised Third Edition) (APA, 1987) diagnoses of dementia or other cognitive syndromes.
Participants with working diagnoses of dementia or other cognitive disorders were asked to
undergo a geriatric psychiatric examination and standard laboratory tests for differential
diagnosis. Final diagnoses were adjudicated by a consensus panel of expert clinicians using
DSM-I11-R and National Institute of Neurological and Communicative Disorders and
Stroke—Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) criteria
(McKhann et al., 1984) for AD. Estimated age at onset of dementia was recorded as the year
in which participants unambiguously met DSM-111-R criteria. The sensitivity and specificity
of the above screening methods for detection of incident dementia have been estimated at
88.9% and 95.6%, respectively (Hayden et al., 2003). In a further validation sub-study,
clinical diagnoses were confirmed by autopsy in 84% of the cases that went to autopsy
(Plassman et al., 2006).

2.4. Covariates

Information on cardiovascular risk factors and disease was obtained at each wave.
Participants were asked about a number of risk factors and history of cardiovascular events
including diagnosis of hypertension, hypercholesterolemia, diabetes mellitus, stroke,
coronary artery bypass graft, and myocardial infarction. A positive history of each condition
was recorded if the participant was ever told by a doctor or nurse that he or she had the
condition or received treatment for it. Data on smoking and drinking habits were captured at
baseline as never, ever, or current. The response rate for donation of buccal DNA samples at
baseline was 97%. APOE genotypes were determined using polymerase chain reaction
amplification and a restriction isotyping following the methods described previously
(Richards et al., 1993). APOE genotypes were not known to clinicians during the diagnostic
process.
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2.5. Statistical analysis

Differences in age, sex, education, APOE genotype, baseline smoking and drinking habits,
and history of vascular risk factors were compared between anti-HTN medication users and
nonusers. Continuous variables were examined using t-tests or analysis of variance, whereas
categorical variables were examined via y? tests. Kaplan-Meier survival analysis and the log
rank test were used to evaluate the differences in AD-free survival between the 2 groups.
We then conducted extended Cox models to examine the relationship of time to AD and
exposure to anti-HTN medication use while controlling for potential confounders. Anti-HTN
medication use was captured as a time-dependent cumulative exposure, such that once a
participant first reported using anti-HTN medications, he or she was classified as an anti-
HTN medication user from that time forward. If a participant switched from 1 class of anti-
HTN to another, he or she was classified as a user of both from that point forward. Age was
used as the time-scale, with age at baseline as the origin. Participants who developed AD
dementia were captured as having an event at the estimated age of dementia onset.
Participants who survived without dementia or were lost to follow-up were censored at the
age of their last wave of assessment, whereas participants who developed other forms of
dementia were censored at their estimated age of dementia onset. We adjusted for potential
confounders including age at baseline, gender, years of education, number of APOE &4
alleles, baseline smoking and drinking habits, and history of stroke, hypercholesterolemia,
diabetes, coronary artery bypass graft, and myocardial infarction. Results were presented as
hazard ratios (HRs) with 95% confidence intervals (Cls) to provide relative risk of use of
anti-HTN medications compared with nonusers although in the analyses for each class of
anti-HTN medications, the reference group comprised participants who used other classes of
anti-HTN medications or nonusers. To address the possibility of confounding by indication,
we repeated the analyses but this time restricted the sample to only anti-HTN medication
users. All analyses were performed using STATA version 11 software (Stata-Corp, College
Station, TX, USA). Two-sided p-values <0.05 were considered statistically significant.

3. Results

Of the 5092 elderly individuals who completed a baseline assessment, 359 were found to
have prevalent dementia and 1309 were lost to follow-up after wave I. These latter
individuals tended to be male (x2 = 6.05; p = 0.014), older (t = 19.7; p < 0.0001), and less
well educated (t = —7.04; p < 0.0001). Thus, 3424 individuals completed a baseline
evaluation and had at least 1 follow-up assessment, permitting their inclusion in the current
analysis. Of these, 327 cases of incident AD were identified over a mean follow-up period of
5.39 years (range 0.02-12.08 years; standard deviation 3.17 years).

Only 7 participants (<1%, 2 with AD, 1 with another type of dementia, and 4 without a
diagnosis of dementia) included in the current analysis had missing data on anti-HTN
medication use. Among the remaining 3417 individuals with complete medication
information, 1992 (58.3%) had used anti-HTN medications at some point. Of these, 801
(40.2%) had used an ACE inhibitor, 717 (36%) a p-blocker, 670 (33.6%) a calcium channel
blocker (47.3% dihydropyridine type), and 1253 (62.9%) a diuretic (of these, 75% thiazides,
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38% potassium-sparing, and 30.8% loop). About 66.8% of individuals had used more than 1
class of anti-HTN medications during the entire follow-up period.

We compared the characteristics between anti-HTN medication users and nonusers to
examine differences that might be related to risk of AD (Table 1). Anti-HTN medication
users were more likely to be women and, as expected, to have a history of stroke, higher
blood cholesterol, diabetes, myocardial infarction, or coronary artery bypass graft. AD-free
survival Kaplan-Meier curves for participants with anti-HTN medication users versus
nonusers are displayed in Fig. 1. Anti-HTN medication users had a significantly higher AD-
free survival rate than nonusers (log rank test; p = 0.03).

The unadjusted and adjusted HRs from Cox proportional hazards model are shown in Table
2. In the unadjusted and adjusted (first for baseline characteristics and then baseline
characteristics plus history of vascular factors) models, there was a significant lower risk of
AD among anti-HTN medication users compared with nonusers (adjusted hazard ratio
[aHR], 0.77; 95% confidence interval [Cl], 0.61-0.97). The observed relationship between
anti-HTN medication usage and AD did not vary significantly with reported duration of use
(data not shown). The results of a sensitivity analysis, in which exposure to anti-HTN
medications was modeled as a time-dependent but noncumulative exposure, were
quantitatively similar to those of the primary analyses in which anti-HTN medication use
was modeled as a time-dependent cumulative exposure as described previously in Section 2
(data not shown).

We further examined the associations between different classes of anti-HTN medications
and risk of AD. There was a trend toward reduced risk of AD for calcium channel blockers
(@aHR, 0.75; 95% CI, 0.55-1.04) and a statistically significant reduction in the risk of AD for
diuretics (aHR, 0.72; 95% ClI, 0.56-0.93). Among subclasses of diuretics, the association
was mainly driven by the use of thiazide diuretics (aHR, 0.71; 95% CI, 0.53-0.94) and
potassium sparing diuretics (aHR, 0.70; 95% ClI, 0.48-1.00), rather than loop diuretics
(aHR, 0.98; 95% Cl, 0.67-1.43).

We further investigated the associations of thiazide and potassium-sparing diuretics used
alone and in combination with incident AD (Table 3). The use of thiazide and potassium-
sparing diuretics in combination was associated with a significant decrease in AD risk (aHR,
0.63; 95% Cl, 0.42-0.94). The use of either thiazide diuretics (aHR, 0.69; 95% Cl, 0.47-
1.02) or potassium-sparing diuretics (aHR, 0.56; 95% CI, 0.18-1.76) alone was associated
with similar reductions in AD risk, but these associations were not significant, presumably
because of smaller numbers particularly for the use of potassium-sparing diuretics alone.
Moreover, the aHRs in these 3 groups were very similar suggesting that thiazide diuretics
and potassium-sparing diuretics were equally associated with reduced risk of AD.

Finally, we repeated the previously mentioned analyses restricted to anti-HTN medication
users only (Tables 2 and 3). The results were qualitatively similar to those using the whole
sample. The use of diuretics was still associated with a reduced risk of AD with marginal
statistical significance, and this association was primarily driven by thiazide and potassium-
sparing diuretics. A sensitivity analysis using data from only waves I1-1V, which have not
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been described previously (Khachaturian et al., 2006) gave similar results (data not shown),
demonstrating that the apparent protective effect of thiazide and potassium-sparing diuretics
persisted throughout the entire follow-up of the study.

4. Discussion

In this large, prospective cohort study of older adults who were followed up to a maximum
of 12 years, anti-HTN medication use was associated with a reduced risk of AD. The
greatest effect was seen specifically with thiazide and potassium-sparing diuretics, which
were associated with a 30% reduction in risk of AD. The observed associations were
unchanged after adjustment for demographic differences and cardiovascular risk factors,
suggesting they were not mediated by these other factors.

With longer follow-up and AD cases, the present study strengthens several previous
findings, including our own (Khachaturian et al., 2006). For example, The Kungsholmen
Project (Guo et al., 1999), a Swedish cohort of 1810 persons aged =75 years found that
individuals taking diuretics had an adjusted relative risk of 0.7 for all-cause dementia. In the
Ginkgo Evaluation of Memory study of a group of hondemented, community-dwelling older
adults, use of diuretics was found to be associated with lower risk of AD dementia in
participants with normal cognitive function or mild cognitive impairment (Yasar et al.,
2013). So far, the HYVET-COG trial (Peters et al., 2008) is the only randomized-controlled
trial testing the effect of diuretics on dementia. It was performed in a population of
hypertensive patients older than 80 years and they were treated with a thiazide diuretic
(indapamide) with or without an additional ACE inhibitor. Rates of dementia were 38 per
1000 patient-years in the placebo group versus 33 per 1000 patient-years in those taking
antihypertensive therapy (hazard ratio: 0.86 [0.67-1.09]). Unfortunately, the effect did not
reach statistical significance because the trial was terminated early (2.2 years) when the
investigators found a substantial reduction in total mortality and stroke among the treatment

group.

Several lines of evidence suggest that potassium levels might also have important effects on
cognitive decline. Hypokalemia has been shown to be associated with decreased
cerebrospinal fluid amyloid-beta (Abeta42), which is a biological marker of AD (Mielke et
al., 2006). Potassium supplementation improves learning and memory deficits in chronic
cerebral hypoperfused rats (Zhao et al., 2013). And, in the Hisayama Study, higher self-
reported dietary intake of potassium was linked to lower risk of dementia (Ozawa et al.,
2012). These results together with those from the Cache County Study suggest that further
investigation into possible protective effects of potassium-sparing diuretics is also
warranted.

Distinct from previous studies, our study has several notable strengths. First, because of the
large sample size and long follow-up, we were able to examine the effects of different
classes of anti-HTN medications over an extended period of time although controlling for
important potential confounders such as age, gender, APOE genotype, and cardiovascular
comorbidities. In addition, we are the first to apply time-varying exposure of each class of
antihypertensive medications to predict AD. Second, misclassification of the outcome was
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minimized because of the standardized, multi-stage diagnostic procedure, supported by
laboratory and neuroimaging studies and adjudicated by a panel of experts. This process has
demonstrated good sensitivity and specificity for diagnosis of AD. Finally, selection bias is
reduced in our study because we studied an entire population rather than a volunteer or
convenience sample.

Our study also has several potential limitations. First, because this is an observational study,
there is the possibility that its findings reflected measured or unmeasured confounding. We
therefore attempted to control for important measured confounders in our analytic models,
and this did not change the findings. To address further possibility of confounding by
indication (i.e., the observed inverse association with potassium-sparing diuretics and
thiazide diuretics was because of the indications for which these medications are taken), we
have restricted the analysis only to participants who were taking anti-HTN. Second, it is
possible that differential mortality among the users of different classes of anti-HTN may
have explained the observed inverse associations. Indeed, anti-HTN users were more likely
to die over the course of follow-up than nonusers (HR, 1.40; 95% CI, 1.13-1.73). This is
expected because of the cardiovascular indications for taking anti-HTN in the first place.
However, among all anti-HTN users, those taking potassium-sparing diuretics (HR, 0.99;
95% ClI, 0.75-1.31) or thiazide (HR, 1.16; 95% CI, 0.92-1.48) were no more likely to die
than users of other classes of anti-HTN medications. Third, we did not have blood pressure
measurements for all participants, which prevented us from systematically examining
whether blood pressure control mediated the apparent protective effects of the potassium-
sparing diuretics and thiazide diuretics on AD risk. In our previous report, we were able to
look at the blood pressure measurements in a small subgroup of participants and found that
controlling for blood pressure did not change the findings, suggesting that this was not the
case. Moreover, a recent study has showed the protective effect of antihypertensive drug on
risk of dementia persisted even in individuals with high blood pressure (Yasar et al., 2013).
Finally, this population is predominantly white and highly educated, which may limit the
generalizability of results to the general population.

In summary, use of potassium-sparing diuretics and thiazide diuretics may decrease the risk
of AD dementia. This finding supports the practice of using thiazide diuretics, especially
when combined with potassium-sparing agents, as the first-line treatment for hypertension in
the elderly individuals, yielding improved cognitive as well as cardiovascular outcome
(ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group and
The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial, 2002).
Most importantly, the current finding should motivate further research to determine whether
these diuretics can be used in future for prevention of dementia.
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Fig. 1.
Kaplan-Meier curves for Alzheimer’s disease-free survival for individuals with and without

antihypertensive medication use.
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Characteristics of study participants (n = 3417) by anti-HTN medication use

Table 1

Page 14

Characteristics Nonusers(n =1425) Anti-HTN medication users (n = 1992) p
Male, n (%) 662 (46.5) 768 (38.6) <0.001
Age, (y) mean + SD 74265 74964 0.002
Education, (y) mean £ SD 13.6+2.9 13.2+29 0.002
Smoking habits, n (%)&
Nonsmoker 1138 (80.0) 1619 (81.4) 0.006
Ever smoker 237 (16.7) 336 (16.9)
Current smoker 48 (3.4) 33 (1.7)
Drinking habits, n (%)&
Nondrinker 1193 (83.9) 1674 (84.2) 0.515
Ever drinker 167 (11.7) 243 (12.2)
Current drinker 62 (4.4) 72 (3.6)
Number of &4 alleles, n (%)2
0 938 (66.7) 1392 (70.3) 0.065
1 434 (30.9) 538 (27.2)
2 35 (2.5) 50 (2.5)
Prevalence of vascular risk factors, n (%)2
Hypertension 341 (33.2) 1582 (85.1) <0.001
High cholesterol 476 (46.3) 985 (61.2) <0.001
Diabetes mellitus 151 (15.6) 486 (32.0) <0.001
Stroke 82(8.9) 260 (17.9) <0.001
CABG 63 (6.9) 273 (18.6) <0.001
MI 108 (11.4) 446 (29.4) <0.001
Alzheimer’s disease, n (%) 159 (11.2) 166 (8.3) 0.003

Key: CABG, coronary artery bypass graft; M1, myocardial infarction; SD, standard deviation.

aThis is the percentage of the total number with non-missing data.
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