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Abstract
Introduction—The ADNI (Alzheimer's Disease Neuroimaging Initiative) is a large longitudinal
study of patients with probable Alzheimer's disease (AD), patients with mild cognitive impairment
(MCI) and healthy elderly controls followed for at least 2–3 years. Many participants in the ADNI
are being treated with medications, and these may have beneficial or deleterious effects.

Objective—The goal of the study was to characterize baseline medication use in the ADNI.

Methods—Diagnosis, demographics, medication status, psychometric data and MRI measures of
hippocampal volume and entorhinal cortex thickness were obtained for 818 participants from the
ADNI cohort. Total number of medications, Beers list (potentially dangerous) medications and AD
treatments were also tabulated. ANOVA and logistic regression were used to assess associations
between baseline pharmacotherapy and diagnosis, demographics, and selected clinical and MRI
variables.

Results—Of the 818 enrolled ADNI participants, 809 were available for analysis in the present
study, including 184 patients with AD, 399 patients with MCI and 226 healthy elderly controls.
Significant gender differences in recruitment were observed in the MCI group. The average number
of medications per participant was 8 (SD 4) and 22% reported treatment with one or more Beers list
medications. For symptomatic treatment of MCI or AD, donepezil and memantine were the most
commonly reported drugs. As expected, MCI and AD patients with more severe impairment were
more likely to be treated. Men received treatment more frequently than women. Older subjects and
those with less education were less likely to receive treatment.

Conclusions—AD and MCI participants from the ADNI cohort were being treated with
polypharmacy and many were also taking one or more medications with the potential for adverse
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effects. Off-label use of cholinesterase inhibitors and/or memantine for MCI was common, with more
severely affected patients most likely to receive treatment. Differences in the frequency of
symptomatic treatment were also observed as a function of age, years of education, gender and disease
severity.

Introduction
The ADNI (Alzheimer's Disease Neuroimaging Initiative) is a large longitudinal study of
patients with probable Alzheimer's disease (AD), patients with mild cognitive impairment
(MCI) and healthy elderly controls followed for at least 2–3 years. In addition to neuroimaging
and psychometric assessments, medication usage is ascertained at each study visit. As of yet,
a detailed description of medication use in the ADNI at baseline has not been reported in the
literature. There is considerable controversy over whether the current AD treatments have
persisting symptomatic effects and/or detectable disease-modifying effects on brain structure
and function. With frequent longitudinal multimodal imaging and rich clinical data, the ADNI
presents an opportunity to investigate the effects of medications in general as well as those of
AD-specific treatments.

The long-term effects of using multiple medications have not been well studied. Previous
studies have used a variety of definitions for polypharmacy. Some have defined polypharmacy
as participants taking more than five medications[1-4] or more than three medications.[5]
Another study stratified polypharmacy by number of medications, including two to three
medications (minor), four to five medications (moderate), and more than five medications
(major).[6] Accounts of medication use in elderly individuals have also been mixed, with
between 36% and 61% of elderly individuals reported to take four or more medications.[5,7]
Additionally, elderly individuals receiving home care have been reported to take an average
of 5.5 medications.[2]

The probability of an adverse drug event increases with the number of medications taken. For
example, the probability of an adverse drug interaction is only 13% when an individual is taking
two medications but rises to 82% for more than seven medications[8] and nears 100% when
ten or more medications are taken.[9] Polypharmacy could be a marker for more severe illness
rather than a reliable predictor of health outcomes, but a previous study has suggested that
neither primary diagnosis nor number of diagnoses on hospital admission are as good at
predicting health outcomes as polypharmacy.[1] Furthermore, some medications are
particularly dangerous when used in elderly populations. The Beers list, which was generated
by a US panel of experts in pharmacology, represents a subset of medications that may be
potentially inappropriate for use in adults aged ≥65 years for various reasons such as sedation,
cardiovascular risk and mechanism of elimination.[10] Medications on this list are known to
cause various adverse effects of different severities and frequencies. Since the majority of
subjects in the ADNI are within the target age range defined by the Beers list, these medications
may have potential adverse effects for this population.

Current US FDA-approved therapies for AD include cholinesterase inhibitors and the NMDA-
partial receptor antagonist memantine. Cholinesterase inhibitors that are indicated for mild-to-
moderate stage AD include donepezil,[11] galantamine[12] and rivastigmine.[13]
Cholinesterase inhibitors, as a group, have similar efficacy and adverse effect profiles in
patients with AD. The most significant differences between cholinesterase inhibitors are found
in their pharmacokinetics, including different routes of administration[14] and metabolic
pathways.[15] Memantine is prescribed for the treatment of AD either as monotherapy or in
combination with one of the cholinesterase inhibitors. The combination of donepezil and
memantine is indicated for moderate-to-severe stage AD.[16] In fact, this combination
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treatment was found to be more effective than donepezil alone in moderate-to-severe stage
AD.[17]

MCI is defined as a pre-dementia condition with objective evidence of progressive impairment
of memory or other cognitive domains without substantial impairment in activities of daily
living. To date, the FDA has declined to accept MCI as an entity that is sufficiently well defined
and widely accepted to merit being an approved indication for drug therapy. Recent trends
suggest that many patients currently labelled as MCI may be captured by criteria such as those
proposed by Dubois et al.[18] for defining an earlier stage of AD.

Many physicians recommend non-regulatory authority-approved use of cholinesterase
inhibitors for symptomatic treatment of cognitive dysfunction in MCI. However, a meta-
analysis of placebo-controlled trials of cholinesterase inhibitors in MCI showed that none of
these medications delayed the onset of AD and their use resulted in frequent adverse effects.
[19] In fact, the FDA issued a healthcare provider alert in relation to use of galantamine as a
symptomatic therapy for MCI in light of the higher frequency of deaths with galantamine
treatment relative to placebo in two placebo-controlled trials.[20]

The goal of the present study was to characterize baseline medication use in the ADNI cohort
and to investigate the association between specific drug treatments and a range of independent
demographic, clinical and neuroimaging variables. Specifically, we assessed the frequency of
medication use in the ADNI cohort as a whole and between baseline diagnosis groups, focusing
primarily on usage of medications found on the Beers list and medications indicated for the
treatment of AD. Additionally, we examined the ability of demographic variables and disease
severity to predict AD-indicated medication usage within the AD and MCI diagnostic groups.

Methods
The ADNI

The ADNI is a consortium study designed to test whether neuroimaging, biological, genetic,
clinical and neuropsychological markers can predict the progression of MCI and early AD.
The ADNI was launched in 2004 by the National Institute on Aging (NIA), the National
Institute of Biomedical Imaging and Bioengineering (NIBIB), the FDA, private pharmaceutical
companies and nonprofit organizations. A total of 818 participants aged 55–90 years have been
recruited from 59 sites across the US and Canada and followed for 2–3 years with neuroimaging
and clinical assessments. For additional information about the ADNI, see
www.adni-info.org and Mueller et al.[21,22]

Data
Baseline 1.5T MRI T1-weighted magnetization-prepared rapid acquisition with gradient echo
(MP-RAGE) scans from all available participants were downloaded from the ADNI database
hosted by the University of California, Los Angeles (UCLA) Laboratory of Neuroimaging
(LONI) website (http://www.loni.ucla.edu/ADNI) between January and April 2008. Data on
baseline diagnosis, demographic information, psychometric scores and medication usage were
obtained from the ADNI database (download version 24 October 2008). Information on
medications was extracted and the number of medications for each ADNI participant at the
baseline visit was counted. Vitamins, over-the-counter and as-needed medications were
included, while inhaled and topical medications were excluded, yielding a conservative
estimate of total baseline medication usage. One patient taking 41 different medications was
excluded. Eight additional participants were also excluded for failed MRI scan processing (n
= 6) or missing baseline MRI data (n = 2), leaving 809 evaluable patients. The number of Beers
list medications at baseline was determined for each ADNI participant. All over-the-counter
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and as-needed Beers list medications were included, as was digoxin at any dose and for any
indication. Finally, the presence or absence of donepezil, rivastigmine, galantamine or
memantine, as well as any concurrent usage, was tabulated for each participant at baseline.

Since memory and global functioning may be sensitive to medication adverse effects, we
extracted baseline scores for the Rey Auditory Verbal Learning Test (RAVLT) and the Clinical
Dementia Rating (CDR). The RAVLT is a test of episodic memory that assesses the ability to
acquire and recall 15 words across five learning trials, after an intervening interference list,
and to recall and recognize the words after a 30-minute delay. The CDR is a clinician's
assessment, following interviews of both the patient and an informant, of each of six domains:
memory, orientation, judgement and problem solving, community affairs, home and hobbies,
and personal care. The CDR sum of boxes (CDR-SB) is the summation of the scores for each
of the six domains that make up the CDR. Further information on these assessment tools is
available in the ADNI procedure manuals and website.

A previous assessment[21] indicated that hippocampal volume and medial temporal lobe
thickness are sensitive markers of disease progression. Therefore, baseline hippocampal
volume and entorhinal cortex thickness values were extracted using FreeSurfer V4 (Athinoula
A. Martinos Center for Biomedical Imaging, Charlestown, MA, USA)[23-26] as previously
described.[21] More information about ADNI MRI methods is available on the ADNI website
(http://www.adni-info.org) and in the article by Jack et al.[27]

Statistical Analyses
Age, gender, years of education, RAVLT score, CDR-SB, hippocampal volume and entorhinal
cortex thickness were compared between diagnostic groups (AD, MCI, healthy controls) using
ANOVAs for continuous variables and chi-squared (χ2) tests for categorical variables. These
demographic, psychometric and imaging variables were also compared between MCI and AD
patients treated with a cholinesterase inhibitor and untreated participants, as well as between
patients treated with memantine and untreated participants, using two-sample t-tests for
continuous variables and χ2 tests for categorical variables. Logistic regression models were
used to identify factors associated with either cholinesterase inhibitor or memantine treatment
within the MCI and AD groups independently. The dependent variable in the logistic models
was a binary variable indicating the presence or absence of cholinesterase inhibitor and/or
memantine treatment at baseline. Independent variables assessed in the logistic regression
models included baseline age, years of education, gender, RAVLT, CDR-SB, left hippocampal
volume and left entorhinal cortex thickness. The sample size for the AD logistic regression
was 178. Two AD participants were excluded because they lacked RAVLT scores, and four
AD participants were excluded because they lacked hippocampal volumes. The sample size
for the MCI logistic regression was 394. Six participants were excluded because they lacked
hippocampal volumes. The SAS® statistical package (SAS Institute, Cary, NC, USA) was
used for all statistical analyses.

Results
The mean age of the ADNI cohort participants was 75 years, with no significant difference in
age between diagnostic groups with AD (mean 75.4, range 55.2–91.0 years), MCI (mean 74.8,
range 54.6–89.4 years) and healthy controls (mean 75.9, range 60.0–89.7 years). However, a
significant difference in gender distribution was found across diagnostic groups, with females
comprising only 36% of the MCI group (257 males, 142 females), compared with 48% of both
the AD (96 males, 88 females) and healthy control (118 males, 108 females) groups (p < 0.006).

The total number of medications per participant in the ADNI cohort (n = 809) was
approximately normally distributed (figure 1) with a mean of 8 (SD 4). Twenty-two percent
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(n = 179) of participants reported treatment with one or more Beers list medications. The ten
most frequent Beers list medications reported in the ADNI cohort are listed in table I. Neither
the total number of medications nor the presence of treatment with one or more Beers list
medications was associated with diagnosis.

At baseline, 45% (n = 179) of MCI patients and 86% (n = 159) of AD patients reported treatment
with a cholinesterase inhibitor (table II). Donepezil was the most frequently used cholinesterase
inhibitor reported in the ADNI cohort, followed by galantamine and rivastigmine. Notably,
5% (n = 18) of the MCI patients were being treated with galantamine despite the FDA warning.
Eleven percent (n = 44) of MCI patients and 46% (n = 85) of AD patients reported treatment
with memantine. Finally, combination treatment was frequent, with 82% (n = 36) of
memantine-treated MCI patients and 85% (n = 72) of memantine-treated AD patients reporting
concurrent cholinesterase inhibitor treatment. The most common combination therapy was
donepezil and memantine (table II).

A significant difference in memantine (but not cholinesterase inhibitor) therapy as a function
of gender was found in the MCI group, with 13.6% (n = 35) of males compared with 6.3% (n
= 9) of females reporting memantine therapy (p = 0.025). On the other hand, the AD group
showed a significant difference in cholinesterase inhibitor (but not memantine) therapy by
gender, with 93.8% (n = 90) of men and only 78.4% (n = 69) of women reporting treatment (p
= 0.002). Complete results for analyses of demographic, psychometric and imaging variables
by treatment status for AD and MCI patients are presented in tables S1 and S2, Supplemental
Digital Content 1, http://links.adis online.com/DAZ/A6.

In the AD group, logistic regression demonstrated no association between cholinesterase
inhibitor treatment and RAVLT score, CDR-SB, hippocampal volume or entorhinal cortex
thickness. However, male gender (p = 0.011; odds ratio [OR] 3.61; 95% CI 1.35, 9.66) and
years of education (p = 0.036; OR 1.17; 95% CI 1.01, 1.35) were significantly positively
associated with cholinesterase inhibitor treatment in AD patients. Memantine treatment in AD
patients was positively associated with CDR-SB (p = 0.016; OR 1.27; 95% CI 1.05, 1.53).

Significant associations between demographic, psychometric and imaging variables and
cholinesterase inhibitor and memantine treatment in MCI patients were observed (table III).
Specifically, age (p = 0.009), RAVLT score (p = 0.014) and hippocampal volume (p = 0.023)
were negatively associated with cholinesterase inhibitor treatment in MCI, while CDR-SB (p
= 0.003) was positively associated with cholinesterase inhibitor treatment in MCI. Age (p =
0.008), RAVLT score (p < 0.001) and hippocampal volume (p = 0.023) were also negatively
associated with memantine treatment in MCI patients. Additionally, male gender (p = 0.028)
and years of education (p = 0.023) were positively associated with memantine treatment in
MCI.

Discussion
In this study, we assessed the prevalence of reported medication usage in the ADNI cohort at
baseline, with particular focus on the use of Beers list medications and AD-indicated
treatments. Additionally, we examined differences in demographic, psychometric and
neuroimaging variables between patients treated with AD-indicated medications and untreated
patients within the AD and MCI groups. Finally, we used logistic regression models to assess
the relationship between demographic, psychometric and neuroimaging biomarkers and the
presence or absence of cholinesterase inhibitor and memantine treatment in the ADNI patient
groups.

The total number of medications reported by participants in the ADNI is slightly higher than
that reported in previous literature reports[2,5,7] of medication use by elderly individuals in
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the general community, with 85% of ADNI participants taking ≥4 medications. This significant
poly-pharmacy may increase the possibility of adverse events in this cohort. Additional
potential adverse effects in this cohort may result from usage of Beers list medications, as 22%
of ADNI participants reported treatment with one or more Beers list medications. Some of the
more notable potential concerns about Beers list medications that ADNI participants reported
using include the following: (i) the narrow therapeutic window of digoxin combined with the
loss of muscle mass and renal clearance present in the elderly;[28] (ii) the increased risk of
gastrointestinal ulcers and cardiovascular problems associated with use of NSAIDs;[29,30]
(iii) the increased cerebrovascular risk associated with use of estrogen in elderly women;[31]
(iv) the long half-lives of fluoxetine and some of its metabolites, which when combined with
the drug's strong cytochrome P450 2D6 inhibitory effects, make it a suboptimal selective
serotonin reuptake inhibitor in this population;[32] (v) use of oxybutynin[33] and
benzodiazepines[34] in cognitively impaired elderly patients, who are potentially more
vulnerable to drug-induced encephalopathy; (vi) use of amiodarone in elderly patients, who
have increased susceptibility to the toxicities of the drug;[35] and (vii) the fact that use of
doxazosin and nifedipine has been associated with hypotension in the elderly.[36]

As expected, the prevalence of cholinesterase inhibitor and/or memantine treatment was high
in the AD group, with nearly the whole sample reporting treatment (86% of AD patients were
receiving a cholinesterase inhibitor and 45% of AD patients were receiving memantine). In
this respect, our analysis agrees with another recent report on ADNI clinical characteristics.
[37] Anotable difference in memantine treatment by disease severity as defined by higher CDR-
SB scores was found in the AD group. Disease severity, as reflected in lower RAVLT, higher
CDR-SB and decreased left hippocampal volume and entorhinal cortex thickness, was not
associated with the frequency of cholinesterase inhibitor treatment in AD patients. This result
was expected, as the most commonly prescribed cholinesterase inhibitor, donepezil, is FDA
approved for all stages of AD and therefore is likely to be used in the majority of patients
diagnosed with AD, regardless of severity. However, memantine is FDA approved only for
the moderate and severe stages of AD and is more commonly prescribed in patients with
increased impairment.

MCI patients in the ADNI cohort also frequently reported use of cholinesterase inhibitors and
memantine. The off-label use of cholinesterase inhibitors in MCI in this cohort was expected,
and these therapies are supported by professional society peer-reviewed medical education
[38] and suggestive but not definitive data from prospective clinical trials,[19] in which
cholinesterase inhibitors were reported to potentially help with cognitive symptoms in MCI
patients. However, given an increase in mortality seen in two double-blind, placebo-controlled
trials of galantamine, the FDA has specifically recommended against use of this drug in MCI.
[20] On the other hand, the reported use of memantine in MCI patients in the ADNI cohort is
somewhat surprising since MCI memantine therapy is not supported by evidence-based clinical
resources or professional medical society recommendations regarding treatment.

In the MCI group, pharmacological therapy was more commonly reported by patients with
more severe impairment as defined by decreased RAVLT score, a higher CDR-SB and
increased hippocampal atrophy. Previous analysis of the ADNI data[39] has shown that
hippocampal atrophy is a sensitive measure of MCI to probable AD conversion within 1 year.
Therefore, the negative association between left hippocampal volume and frequency of
medication in MCI patients likely reflects a higher usage by more impaired patients.

In addition to increased disease severity as defined by greater impairment and brain atrophy,
a number of demographic variables were found to be factors associated with or influencing
treatment prevalence in MCI and AD patients. In MCI, all treatments were more frequent
among younger participants and those with more education. Pharmacological treatments were
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also associated with gender, with cholinesterase inhibitor treatment being more commonly
reported in males than females with AD, and memantine treatment being more commonly
reported in males than females with MCI. There may be a number of reasons for the
discrepancies in treatment frequency between genders. Given the greater life expectancy of
females, males with AD may be more commonly cared for by female spouses. Spousal
caregivers may have been more likely to select treatment.[40,41] Additionally, patient gender
may affect the frequency with which physicians prescribe particular treatments. Finally,
women may have decreased tolerance to treatment because of lower weight and/or other
physiological factors. The last possibility seems less likely, as doses are frequently titrated to
tolerance and the previous placebo-controlled trials have not shown significant differences in
adverse effect profiles by gender. Physician prescribing patterns and whether they are
influenced by physician and patient gender could be epidemiologically studied as could patient
and caregiver qualitative beliefs about treatment by gender.

In addition to monotherapy with either cholinesterase inhibitors or memantine, combination
therapy was relatively common in both AD and MCI participants in the ADNI cohort, with
39% of AD patients and 9% of MCI patients being treated with a cholinesterase inhibitor and
memantine. Combination therapy with both a cholinesterase inhibitor and memantine has been
shown to be more beneficial and better tolerated than either therapy alone in moderate-to-severe
stage AD.[17] However, as previously discussed, the use of memantine either as monotherapy
or in combination with other treatments may be inadvisable in MCI patients.

Clearly, the baseline ADNI data reviewed here demonstrate considerable variability in how
drugs approved for treating AD are utilized by treating physicians, particularly in early stages
of the illness (MCI). Several clinical and demographic factors were identified as being
associated with AD treatment. Better understanding of this background pharmacotherapy and
how it varies over time as the illness progresses should aid in improving methodology and
analyses in future AD disease progression trials.

Conclusions
Our analysis showed that AD and MCI participants from the ADNI cohort were being treated
with multiple drugs and many were also taking medications that had the potential to cause
adverse effects. Off-label use of cholinesterase inhibitors and/or memantine in patients with
MCI was also common, with more severely affected patients being most likely to receive
treatment. Differences in the frequency of symptomatic treatment were also observed as a
function of age, years of education, gender and disease severity.

Studies by our group and others are underway to investigate the role of neuroimaging and
genetics in the detection and monitoring of MCI and AD, as well as in the prediction of the
rate of disease progression. Future studies should consider medication status as a potential
independent variable. Studies to elucidate the role of AD-indicated treatments in disease
progression, as determined by changes in clinical diagnosis, cognitive functioning assessed by
psychometric measures and longitudinal changes in neuroimaging biomarkers, will be
important. Future studies should also assess the role of genetic factors in predicting medication
usage, tolerance and efficacy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Baseline polypharmacy in the ADNI cohort (n = 809). The mean number of medications in the
ADNI cohort was 8 with a standard deviation of 4.
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Table I

The ten most commonly reported Beers list medications in the ADNI cohort at baseline

Drug name No. of participants reporting usage

Estrogen 29

Celecoxib 22

Doxazosin 21

Naproxen 21

Digitoxin 21

Benzodiazepines 18

    alprazolam 7

    temazepam 3

    lorazepam 3

    diazepam 2

    chlordiazepoxide 1

    clorazepate 1

    oxazepam 1

Fluoxetine 15

Nifedipine 8

Oxybutynin 7

Amiodarone 6
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Table II

Cholinesterase inhibitor and memantine treatment in Alzheimer's disease (AD) and mild cognitive impairment
(MCI) patients from the ADNI cohort

Treatment Total no. of patients MCI [n = 399] (%) AD [n = 184] (%)

Donepezil 189 120 (30.0) 69 (37.5)

Galantamine 30 16 (4.0) 14 (7.6)

Rivastigmine 11 7 (1.8) 4 (2.2)

Memantine 21 8 (2.0) 13 (7.1)

Donepezil and memantine 88 33 (8.3) 55 (29.9)

Galantamine and memantine 13 2 (0.5) 11 (6.0)

Rivastigmine and memantine 7 1 (0.3) 6 (3.3)
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Table III

Significant independent variables in logistic regression models associated with the presence of treatment in mild
cognitive impairment (MCI) patients from the ADNI cohorta

Variable Association type Odds ratio 95% CI p-Value

Cholinesterase inhibitor treatment

CDR-SB Positive 1.453 1.137, 1.856 0.0028

Baseline age Negative 0.959 0.930, 0.989 0.0085

RAVLT total score Negative 0.969 0.945, 0.994 0.0141

Left hippocampal volumeb Negative 0.604 0.391, 0.933 0.0231

Memantine treatment

Gender (male) Positive 2.577 1.106, 6.001 0.0282

Years of education Positive 1.157 1.020, 1.312 0.0229

Baseline age Negative 0.934 0.888, 0.982 0.0079

RAVLT total score Negative 0.913 0.868, 0.960 0.0004

Left hippocampal volumeb Negative 0.419 0.197, 0.891 0.0239

CDR-SB = Clinical Dementia Rating sum of boxes; RAVLT = Rey Auditory Verbal Learning Test.

a
Independent variables were considered significant at p < 0.05.

b
Hippocampal volume was scaled by three orders of magnitude.
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