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Abstract

OBJECTIVE—Examine whether histamine-2 receptor antagonist (H2RA) therapy is associated
with a lower incidence of all-cause dementia or Alzheimer disease (AD) compared to nonuse, as
some studies have suggested.

DESIGN—Prospective population-based cohort
SETTING—Group Health, an integrated health maintenance organization, Seattle, Washington

PARTICIPANTS—2923 participants aged 65 and older without dementia at baseline with initial
recruitment between 1994 and 1996

MEASUREMENTS—Follow-up occurred every 2 years to identify incident dementia and AD
using standard criteria. Exposure to H2RAs was based on automated pharmacy data. Three aspects
of exposure (time-varying) were examined based on standard daily dose (SDD): cumulative use,
intensity of use (highest SDD in any prior two year window), and cumulative use stratified by
recency (1-3 years versus > 3 years prior).

RESULTS—Over a mean follow-up of 6.7 years, 585 subjects developed dementia (453
developed AD). Total cumulative exposure was not associated with dementia (p=0.35; omnibus
test) or AD (p=0.23). The adjusted HR for the highest exposure category (>1080 SDD) compared
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to light or nonuse was 1.28 (95% confidence interval [CI] 0.95-1.72) for dementia and 1.41 (95%
Cl 1.00-1.97) for AD. Intensity of use was not associated with dementia (p=0.39) or AD (p=0.63).
Examining exposure according to recent and distant cumulative use also showed no association
with dementia (p=0.11) or AD (p=0.30).

CONCLUSION—We found no association between H2RA use and reduced risk of all-cause
dementia or AD using more detailed and extensive information about past H2RA use than any
prior study.

Keywords

dementia; Alzheimer disease; pharmacoepidemiology; cohort study; histamine-2 receptor
antagonist

INTRODUCTION

Histamine-2 receptor antagonist (H2RA) medications were the first agents available to treat
gastric acid-related disorders prior to the introduction of proton pump inhibitors. Four
H2RAs (cimetidine, ranitidine, famotidine, and nizatidine) are currently available by
prescription and also over the counter (OTC) at lower doses. Ranitidine remains among the
top 50 generic prescriptions dispensed in the US,! with 12,645,000 prescriptions dispensed
in 2007.2 Thus, even with the advent of proton pump inhibitors, H2RAs remain widely used.

Histamine is an excitatory neurotransmitter and plays an important role in attention and
vigilance.34 Several epidemiological studies have examined the effects of H2RAs on
diverse cognitive outcomes including cognitive impairment,> Alzheimer’s disease®’ or
combined outcomes (cognitive impairment or dementia)® with mixed results. Some 7 but
not all1® cross-sectional studies reported an association between H2RA use and lower
occurrence of AD. However, 2 longitudinal studies did not confirm this association, >6 and a
third longitudinal study found that H2RA use was associated with an increased risk for AD
or cognitive decline in African Americans.® In a randomized, placebo controlled trial,
nizatidine had no effect on cognitive function in subjects with AD.11 Current H2RA use has
been associated with delirium and psychosis.12

The reasons for these discrepant results are not clear. A limitation of prior longitudinal
studies is the lack of detailed information on past H2RA use. For example, one study only
had information on current use,8 and another relied on self-reported duration of use.® No
prior study has had information about exposure occurring in the several years prior to study
enrollment. A strength of the Adult Changes in Thought (ACT) study is the availability of
detailed pharmacy data extending back to 1977, which is 15+ years prior to the first ACT
enrollment. This extent of past use is important because it has been proposed that an
intervention may be most effective in the preclinical stage of dementia which may be several
years prior to symptom onset.13 The objective of this study was to examine the association
between H2RA exposure and incident all-cause dementia or AD. Our hypothesis was that
sustained long-term use of H2RAs may be associated with a reduced risk of these outcomes.

METHODS

Participants

ACT is a population-based prospective cohort study of incident dementia and AD. ACT
study methods have been described in detail elsewhere.1* Briefly, study participants, aged
65 years and older, were randomly sampled from Seattle-area members of Group Health
(GH). The research protocol for this study was reviewed and approved by the GH and
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University of Washington’s institutional review boards. The original cohort of 2581
cognitively intact men and women was enrolled between 1994 and 1996. An additional 811
participants were enrolled between 2000 and 2002, and in 2004 the study began continuous
enrollment (n=620 to date), to replace those who die or drop out for a total of 4012 study
participants. For our analyses we required subjects to have at least 10 years of continuous
GH membership prior to baseline to ensure a thorough accounting of prior H2RA exposure
and to have at least one follow-up visit. Applying these inclusion criteria yielded a cohort of
2923 participants.

Ascertainment of Dementia and AD

At baseline and biennial follow-up visits, cognitive function was evaluated using the
Cognitive Assessment Screening Instrument (CASI).2® The CASI is a 100-point test of
global cognitive functioning used in several population-based epidemiological studies.
Participants whose CASI scores fell below 86 underwent a standardized dementia diagnostic
evaluation, including a physical and neurological examination by a study neurologist,
geriatrician or internist, and a one-hour battery of neuropsychological testing. Relevant
laboratory tests and brain CT or MRI imaging studies were performed or results were
obtained from GH records. Diagnoses were assigned at consensus diagnostic conferences
using the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-1V)
criteria for dementia,1® and criteria of the National Institute of Neurological and
Communicative Disorders and Stroke and Alzheimer’s Disease and Related Disorders
Association for AD.17 Participants with new onset dementia underwent at least one annual
follow-up examination for verification of dementia status. The date of onset was assigned by
convention as the midpoint between the ACT study visit that triggered a positive dementia
evaluation and the preceding study visit. For these analyses, the two outcomes of interest
were incident all-cause dementia and possible or probable AD.

Exposure measurement

The GH pharmacy database includes all prescriptions dispensed from March 1977 to the
present, including drug name, strength, and amount dispensed. Since cimetidine was first
approved by the FDA in 1979, this database covers the entire time period of H2RA
marketing. In prior studies, 96% of older GH members report filling all or most of their
prescriptions at GH pharmacies.18 Self-reported OTC H2RA use was collected at each
biennium interview, but dose and duration was not available. For each H2RA agent, we
established an equivalent daily dose based on usual daily doses.1® Equivalent daily doses
were ranitidine (300 mg), cimetidine (800 mg), nizatidine (300 mg) and famotidine (40 mg).
Then for each H2RA prescription in the GH pharmacy database, we calculated the number
of standard daily doses (SDD) dispensed by multiplying the number of tablets dispensed by
the tablet strength and dividing by the equivalent daily dose. We then distributed the SDD
equally across the time to the next fill or 90 days, whichever was earliest.

Since the precise nature of the relationship between H2RA and dementia risk is not known,
we developed three time-varying measures of H2RA exposure, each capturing a different
facet of exposure: cumulative use (exposure 1), intensity of use (exposure 2), and recency of
cumulative use (exposure 3). For cumulative use (exposure 1), we summed the total SDD
from all of a participant’s prior prescriptions and categorized levels of use as follows: <30
(nonuse or less than 1 month of usual use), 31-180 (roughly 1-6 months of usual use), 181—
540 (roughly 6-18 months of usual use), 541-1080 (roughly 18-36 months of usual use),
and >1080 SDD (greater than 36 months of usual use). For intensity of use (exposure 2), we
measured the maximum total number of SDD ever dispensed to an individual in any 2-year
period (categorized as: <30, 31-180, 181-540, and >540 SDD). Exposure 2 sought to
determine whether sustained, high intensity use at any time was associated with decreased
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risk of dementia. For exposure 3 (recent/distant use), we created 9 mutually exclusive
categories based on all possible combinations of 3 levels of recent use (total cumulative
SDD accumulated 1 to 3 years prior, categorized as 0-30, 31-180, or >180 SDD) and 3
levels of distant use (total cumulative SDD accumulated more than 3 years prior,
categorized as <30, 31-540, or >540 SDD). All exposure measures were lagged by 1 year to
avoid consideration of H2RA use that might have been influenced by the onset of dementia.

Potential confounders

At study baseline and each follow-up visit, information was collected on demographic
factors, self-reported medical history, and health behaviors. Demographic factors considered
included age, gender, and years of education. Participants were asked whether a doctor had
ever told them that they had angina, congestive heart failure, hypertension, diabetes mellitus,
asthma, or chronic obstructive pulmonary disease (COPD). Coronary heart disease (CHD)
was defined as a self-reported history of heart attack, angina, angioplasty, or coronary artery
bypass surgery. Cerebrovascular disease was defined as a self-reported history of stroke,
cerebral hemorrhage, small strokes or transient ischemic attack, or carotid endarterectomy.
Health and lifestyle characteristics included body mass index (BMI) calculated from
measured weight and height, self-assessed health, and physical activity. Regular exercise
was defined as self-report of performing one of several listed activities for at least 15
minutes, three times per week.20 Exposure to non-steroidal anti-inflammatory drugs
(NSAID) was expressed as total cumulative use (SDD) and was created as described for
H2RA exposure 1.

Statistical Analyses

Descriptive analyses were stratified by baseline level of H2RA use and presented as number
and percentages for categorical variables. To analyze the association between H2RA
exposure and risk of all-cause dementia, we estimated hazard ratios (HR) from Cox
proportional hazards regression models with participant age as the time scale,2! and the
event time taken to be the age at dementia onset. Individuals not diagnosed with dementia
were censored at time of their last ACT visit or at time of disenrollment from GH,
whichever was earlier. In addition, for the AD-specific analysis, individuals were censored
at the time of any dementia diagnosis not attributed to possible or probable AD. We fit
separate models for each of the 3 time-varying H2RA exposure characterizations. All
models adjusted for ACT cohort, gender, education, time-varying use of NSAIDs, time-
varying measures of diabetes mellitus, hypertension, cerebrovascular disease, CHD,
pulmonary disease (asthma or COPD), regular exercise, and self-reported health, and
baseline BMI. For exposure 2 (intensity of use), the model was additionally adjusted for
time since most intense use. Hazard ratios for all-cause dementia and AD are presented
relative to a referent group of 0-30 SDD H2RAs. The p-values provided are from omnibus
Wald tests which jointly assess the effects across the H2RA exposure categories. We
assessed proportional hazards assumptions by testing for an interaction between the
exposures of interest and age at dementia onset. All analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC).

Sensitivity Analysis—H2RAs became available as OTC products beginning in 1995,
which coincided with ACT study initiation. Thus complete ascertainment of H2RA use prior
to baseline is available from GH automated pharmacy files for most subjects. The strength
of OTC H2RA:s is typically ¥ of the prescription strength, with the exception of ranitidine.
To address potential misclassification by unaccounted OTC use, we performed sensitivity
analyses for exposure 1 incorporating self-reported OTC H2RA use. At each visit in which a
participant indicated OTC H2RA use, 100 SDD was added to the total cumulative dose (e.g.
equivalent to once-daily use of OTC ranitidine 75 mg 4 days a week over the prior 2 years).
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In order to assess the potential impact of more extreme OTC use, this analysis was repeated
using 250 SDD for each OTC H2RA self-report.

Table 1 provides baseline characteristics of the 2923 eligible ACT participants, stratified by
H2RA exposure level at baseline. The median age at cohort entry was 74 years (interquartile
range 70 to 79). Approximately 60% were female, 91% were white, and more than 60% had
at least some college education. The analytic sample based on all inclusion criteria did not
differ meaningfully at baseline from the full ACT cohort with regard to the distribution of
health and socio-demographic characteristics (not shown). Missing data were <2% for all
variables.

Of the 2,923 participants, 2076 (71.0%) had light or no cumulative H2RA use at baseline
(<30 cumulative SDD), while 413 (14.1%) had between 30 and 180 SDD, 205 (7.0%) had
between 180 and 540 SDD, and 229 (7.8%) had more than 540 SDD. Among people who
used H2RAs prior to baseline, the median number of prescriptions per participant was 7
(interquartile range 3-20), whereas the median total SDD per participant was 194
(interquartile range 75-595). Participants with heavier use had more co-morbid conditions
and adverse health characteristics than light or non-users. The predominant H2RA agents
prescribed were cimetidine and ranitidine, each of which accounted for approximately half
of the prescriptions and SDD.

Over a mean (SD) follow-up of 6.7 (3.9) years, 585 subjects developed dementia and of
these, 453 developed probable or possible AD. The results for all-cause dementia and AD
are given in tables 2 and 3 respectively. We saw no overall association between the
categorized levels of cumulative H2RA use (Exposure 1) and risk of all-cause dementia or
AD (omnibus test; p-value 0.35 and 0.23, respectively). However, the highest exposure
category (>1080 SDD) gave some indication of elevated risk compared to light or nonuse
for all-cause dementia (HR, 1.28; 95% CI 0.95-1.72) and for AD (HR, 1.41; 95% CI 1.00-
1.97). In analyses examining intensity of use (Exposure 2), the maximum number of SDD
ever accumulated in a 2 year period was not related to risk of all-cause dementia or AD
(omnibus test; p-value 0.39 and 0.63 respectively). For this exposure, the adjusted HR for
the highest use category (>540 SDD) was 1.09 (95% CI 0.79-1.52) for all-cause dementia
and 1.13 (95% CI 0.78-1.64) for AD. A test for an interaction between the maximum 2-year
exposure level and time since last achieving that exposure level was not statistically
significant (p-value 0.62 for all-cause; p-value 0.48 for AD).

In the analysis which characterized participants into discrete categories of recent and distant
exposure, there was no overall association between H2RA use and risk for dementia
(p=0.11) or AD (p=0.30). For example, when examining the risk associated with high recent
use; relative to users who had light or nonuse (SDD <30 for recent and distant), the HR for
all-cause dementia was 0.92, 1.25, and 0.88 for heavy distant/heavy recent, moderate
distant/heavy recent, and light distant/heavy recent users, respectively. No interactions were
observed between any exposure and age at dementia onset.

Sensitivity Analysis: Self-reported OTC use

Over the study follow-up, 440 participants reported OTC H2RA use across a total of 838
visits. Approximately 50% of this self-reported OTC use occurred in those who were
already in the highest exposure category (SDD>1080) based on automated pharmacy files.
In general, the results were not appreciably changed and were attenuated toward the null
when we assigned 100 or 250 SDD for each self-report of OTC use. For example, for all-
cause dementia in relation to total cumulative use of >1080 SDD, the HR was 1.25 (0.93-
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1.68) for the analysis adding 100 SDD and 1.18 (0.88-1.57) for 250 SDD, compared to an
HR of 1.28 (0.95-1.72) in our primary analysis (data available upon request).

DISCUSSION

In this population-based, longitudinal study of persons aged 65 years and older, we found no
association between H2RA use and reduced risk of all-cause dementia or AD using three
different exposure characterizations. For both AD and all-cause dementia, the group with the
highest cumulative exposure (>1080 SDD) had if anything a slightly increased risk for these
outcomes compared to the light/nonuse group (e.g. HR 1.41, 95% CI 1.00-1.97 for AD), but
importantly, there was no association overall and there was no dose-response trend. Further,
no association was suggested for any exposure group in the analysis of intensity of exposure
in any two year window or when use was stratified by recency of use.

The first study to examine the association between H2RA exposure and AD risk was
published in 1995. In a cross-sectional analysis of siblings, those with sustained H2RA
exposure experienced a later onset of AD than those without H2RA exposure.” A cross-
sectional analysis of data from the Cache County study also reported an association of lower
AD prevalence with H2RA use,® whereas a cross-sectional analysis of data from the
Rotterdam study did not (HR 0.95, 95% CI 0.52-1.75).19 A subsequent longitudinal analysis
of data from Cache County study did not demonstrate an association between H2RA
exposure and AD risk (adjusted HR 1.09, 95% CI 0.63-1.79).6 H2RA use was not
associated with a reduction in incident cognitive decline (adjusted RR 1.51, 95% CI 0.93-
2.47) in a longitudinal sample followed for 7 years.> Most recently, in a sample of 1,558
community-dwelling African Americans aged 65 and older, H2RA use was found to be
associated with an increased risk for incident AD or cognitive impairment. A limitation of
that study was that it was not clear that the exposure preceded outcome for all individuals.®

A clear mechanism for how H2RA exposure may be protective for all-cause dementia or AD
has not been elucidated. In the central nervous system, histamine is an excitatory
neurotransmitter and plays an important role in attention and vigilance.34 There is some
evidence that a decrease in histamine transmission (e.g. through histamine receptor
blockade) could improve cognition; there is also evidence suggesting the contrary. 3
However, H2RA agents have been shown to have serum anticholinergic activity which
could contribute to cognitive impairment.22 We attempted to address this issue by ignoring
H2RA exposure during the 1 year prior to diagnosis, and thus only counting exposure that
corresponds roughly to use prior to the visit with the last normal CASI score.

Strengths of this study include the large community based sample, the average of over 6
years of follow-up, use of standard definitions for dementia and AD ascertainment, and the
extensive detailed exposure ascertainment preceding dementia onset. As all participants had
at least 10 years of pharmacy data available prior to baseline, we had the flexibility to
categorize three different facets of H2RA exposure which extends prior research in this area.
Misclassification of exposure is possible because of OTC H2RAs availability beginning in
1995, although a prior study indicated that GH automated pharmacy files still capture a
considerable extent of acid suppressive therapy (proton pump inhibitors and H2RAS) use
compared with self-report.23 We conducted sensitivity analyses incorporating information
about self-reported OTC use and found that in general, our results were attenuated toward
the null. Thus it seems very unlikely that misclassification due to OTC use could be
sufficient to reverse our findings, causing the HR to cross the null, as would be needed to
suggest that H2RAs are indeed associated with reduced dementia risk.
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Despite the strength of our pharmacy exposure data, a few limitations should be noted. We
lacked daily dose and days supply information for each prescription, so we were not able to
precisely determine dose or duration of use but instead used a methodology (SDD) that has
been utilized extensively.1% 24 Further, the small size of some of the exposure groups
precluded our ability to fully investigate certain combinations of recent and distant use in
more detail (exposure 3). Lastly, as in any observational study, unmeasured or residual
confounding could introduce bias in our estimates. In particular, the elevated risk noted in
the highest exposure category could be related to the overall worse health status of this
group which we may not have adequately accounted for with the available self-reported
comorbidity information. The accuracy of self-report for many of the conditions (diabetes
mellitus, hypertension, Ml, stroke, angioplasty, or coronary artery bypass surgery) we
adjusted for has been found to be very good to excellent in prior studies.25-27

The relationship between H2RA use and AD risk has been the subject of scrutiny over the
years, yet the relationship, if any, has remained unclear. Early cross-sectional studies
reported a lower occurrence of AD in users of H2RA medications, which subsequently was
not confirmed in longitudinal studies, including the current study. In fact, some studies have
suggested an increased risk of AD with H2RA use. Further complicating this picture are
case reports suggesting that H2RAs may precipitate delirium in susceptible individuals. Our
study has extended prior work in this area by utilizing considerably more detailed and
extensive information about past H2RA use than any study to date. Our results do not
support an association between H2RA use and lower risk of dementia or AD among
community-dwelling older adults. Limiting the unnecessary use of H2RAs, which are
available to patients as OTC products, is prudent given the possibility of acute negative
effects on cognition as has been reported in the literature.
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