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Abstract

The biological meaning of uncertain dementia ratings (CDR 0.5) and its treatment implications are
unclear. Our study examines the frequency of anti-dementia medication use in individuals with CDR
0.5 and the cognitive, behavioral, and demographic factors associated with memantine and
acetylcholinesterase inhibitor (AChEI) use. Subjects were drawn from the National Alzheimer
Coordinating Center database, which collects data from 30 Alzheimer Disease Centers. There were
2,512 subjects with the following diagnoses: Normal, 11.8%; Mild cognitive impairment, 44.6%;
Alzheimer's disease, 34.9%; and other dementias, 8.7%. Overall, 35% used AChEIs and 13% used
memantine. AChEI and memantine use was greater in subjects who were referred by clinics and
diagnosed with Alzheimer's disease. AChEI use was associated with being married, younger, male,
and more educated while memantine use was associated with less severe apathy and other dementia
diagnosis. Non-Hispanic whites were more likely to use AChEI and memantine than non-Hispanic
blacks (OR=2.2,2.5). Hispanics were more likely to use AChEI than non-Hispanic blacks. It appears
anti-dementia medication use in CDR 0.5 is frequent and represents evidence for extensive off label
usage. Diagnosis, severity of impairment, and race, among other variables, affect the likelihood of
AChEI and memantine use in this population.
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Introduction

In the United States, usage of memantine and acetylcholinesterase inhibitors (AChEI) in

Alzheimer's disease (AD) is subject to indications of the Food and Drug Administration (FDA).
However, multiple clinical trials have attempted to demonstrate the utility of these medications
in milder AD and non-AD dementias, and extend their use to mild cognitive impairment (MCI).
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Empirical studies have shown widespread clinical usage in these groups as well and
documented the existence of racial disparities in medication use [1-3].

The Clinical Dementia Rating (CDR) scale is a multidimensional rating scale of dementia
severity, developed to help clinicians stage dementing illnesses, particularly AD [4]. Within
the CDR, uncertain dementia is given a CDR score of 0.5. However, the CDR is not a diagnostic
instrument and there is disagreement about the biological meaning of CDR 0.5 and its treatment
implications. Leaders in the field disagree as to whether CDR 0.5 represents MCI with a high
risk of transformation to AD or very early stage AD or related dementia [5,6]. By definition,
individuals with MCI have not yet developed levels of cognitive and functional impairment
severe enough to warrant a dementia diagnosis [7].

Little is known about the extent to which patients rated as CDR 0.5 are diagnosed as having
MCI or AD, and how diagnosis of these patients affects pharmaceutical treatment. Extant
research [1,2] has shown that use of AD medications is directly related to severity of dementia
and race/ethnicity.

Using a large database of well-characterized subjects from 30 National Institute on Aging
funded Alzheimer Disease Centers (ADCs) accrued between 2005 and 2007, we extend the
research on factors related to use of anti-dementia medications to those with uncertain dementia
rating of CDR 0.5. Diagnosis, disease course, race, and ethnicity were included as predictors
of medication use. We also included variables related to these predictors, including apathy,
depression, gender, age, education, and marital status.

Specifically, our aims are to: 1) estimate the relationship of AChEI and memantine use to
diagnosis in multivariate models controlling for severity of cognitive impairment, race and
ethnicity, and potentially confounding co-morbidities and demographic variables; and 2)
estimate the relationship of AChEI and memantine use to race and ethnicity controlling for the
other covariates.

Subjects were recruited to participate in the research registries at ADCs by a variety of methods.
The ADC National Alzheimer's Coordinating Center (NACC) adopted a set of standardized
instruments (Uniform Data Set [UDS]) in 2005. During the subjects' first visit to an ADC after
UDS adoption, the subjects were characterized using the UDS after providing written informed
consent [8].

We were granted access to selected variables from the UDS in 2007. The resulting data set
contained 11,287 cases and included persons diagnosed as cognitively normal, MCI, dementia,
and other cognitive impairments. For this study, we selected only those cases with a CDR of
0.5. Cases with unspecified dementia (n = 8) and cases diagnosed with a cognitive impairment
without dementia as a primary condition (n = 1,055) were eliminated from the study sample,
resulting in a sample size of 2,512 (Figure 1). This latter group had a number of primary
diagnoses coded on the UDS, such as stroke, Parkinson's disease or normal pressure
hydrocephalus but had no indication whether cognition was normal or impaired. The number
of cases per ADC ranged from 11 to 179 with a mean of 83.7 (SD = 47.4).

Identical UDS questionnaires and forms were used at each ADC and a centralized training
session was held for all clinicians involved [8].
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Diagnosis—Diagnosis of AD was made in accordance with NINCDS/ADRDA criteria [9].
The criteria for MCI are: 1) cognitive complaint; 2) cognitive decline not normal for age; 3)
no dementia; and 4) essentially normal functional activities [7,10]. Based on diagnosis, we
placed subjects who met our inclusion criteria into one of four groups: normal, MCI, AD, and
other dementia (Figure 1). For use in logistic regression analysis, we created dummy variables
for normal, AD, and other dementia, with MCI as the reference group.

Dementia severity—Only subjects with a global CDR (CDR-GLOB) of 0.5 were included
and we included the CDR sum of boxes (CDR-SUM) and the Mini-Mental Status Examination
(MMSE) [11] in our regression models.

Other instruments—Subjects were rated on severity of apathy as 0 (none), 1 (mild), 2
(moderate), or 3 (severe) on the neuropsychiatric inventory (NPI) [12]. Subjects were evaluated
for the presence of depression in the past two years (1 = depression, 0 = no depression). The
total score on the short form of the Geriatric Depression Scale (GDS) was also used in the
analysis. [13].

Demographics—Information was collected on gender, race, ethnicity (Hispanic/Latino
origins, regardless of race), age, marital status, years of education, and type of referral to ADC.
Because education was skewed in the direction of higher values, we used the natural log of
education in the regression analyses to reduce the skew. Dummy variables were created for
gender (1 = male, 0 = female), marital status (1 = married, 0 = other), and clinician referral (1
= clinician/clinic, 0 = other). Based on ethnicity and race, subjects were placed in one of three
mutually exclusive groups, coded 1 if a member of the group and 0 otherwise: Hispanic/Latino,
non-Hispanic white, and non-Hispanic black or other race. Two of these dummy variables
(Hispanic/Latino and non-Hispanic white) were used to represent the three groups in regression
analysis, with non-Hispanic blacks and other races as the reference group.

Medication reporting—In accordance with the UDS procedure manual, subject medication
use was determined “by the clinician or ADC staff, based on subject/informant report, medical
records and/or observation.” We created dummy variables for memantine use (1 = yes; 0 = no)
and AChEI use (1 = yes; 0 = no.)

Statistical Analysis

Univariate statistics were used to describe the sample in terms of medication use, diagnosis,
severity of cognitive impairment, race and ethnicity, co-morbidities, and the demographic
variables previously specified. Binary logistic regression analysis with multiple predictors was
used to estimate the impact of diagnosis, race and ethnicity, severity of impairment, co-
morbidities, and demographics on medication use. The data set consisted of a cluster sample
of cases where each ADC is a cluster. In a cluster sample, the cases within a cluster are more
similar to one another than a random sample of cases would be and the standard errors of
ordinary regression coefficients are biased downwards. The antidote is to use multilevel
models, also called hierarchical linear models and mixed models. We used the MLwiN program
[14] to obtain unbiased estimates of the regression coefficients utilizing an iterative version of
restricted generalized least squares. In the logistic regression results to be reported next, cases
with a missing value on any of these variables that were included in the final models were
excluded from the regression analysis (list-wise deletion). Significance tests were based on a
two-tailed alpha of 0.05.
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Table 1 shows univariate statistics for the variables in our study and the bivariate relationships
between diagnosis and the other variables. As shown, 12% of the subjects were diagnosed as
normal, 45% as MCI, 35% as Alzheimer's, and 9% as other dementia.

As shown in the total column of Table 1, four variables (apathy, MMSE, education, and marital
status) had fewer than 2,512 valid values, the number of included cases. The amount of missing
data was greatest for apathy, followed by MMSE, education, and marital status in that order.
A comparison of excluded cases with those included showed several significant differences.
Cases with missing values were: 1) less likely to use AChEI or memantine; 2) less likely to be
AD or MCI and more likely to be normal; 3) had less severe cognitive impairments on MMSE
and CDR-SUM,; and 4) older. Although such differences are potential sources of bias in our
results, the fact that the excluded cases are only a small percentage of all cases (7.6% in the
final memantine equation) mitigates any bias.

All of the variables except medication use were initially included in the logistic regression
equations for AChEI and memantine. Variables that were not statistically significant were
dropped from the equation except if one of the two dummy variables representing race/ethnicity
or one of the three representing diagnosis was not significant. A non-significant race/ethnicity
variable or diagnosis variable was retained to maintain non-Hispanic blacks and MCI cases as
the reference groups. Variables with marginal statistical significance (i.e., slightly greater than
p = 0.05) were also retained.

Table 2 shows results of the final regression analyses of AChEI and memantine use. Normal
subjects were less likely to use AChEI than those diagnosed with MCI (odds ratio = 0.362).
Subjects with AD were more likely to use AChEI than MCI subjects (odds ratio = 2.7). Non-
Hispanic whites were more likely to use AChEI compared to non-Hispanic blacks (odds ratio
2.2). Hispanics were more likely than non-Hispanic blacks to use AChEI, although this
association was not significant (odds ratio 1.6; p = 0.08). The likelihood of AChEI use was
also greater for those who were younger, male, more educated, married, referred by clinics,
and with a higher CDR-SUM. There was a nonlinear relationship between MMSE and AChEI
use as indicated by the significance of MMSE squared. As MMSE increased, AChEI use
increased at first but then use declined for higher values of MMSE.

The significant predictors of memantine use (Table 2) differed somewhat from those for AChEI
use. Memantine use was more likely in subjects with AD and those with “other dementia” than
subjects diagnosed with MCI (odds ratio 2.0 and 2.1, respectively). Non-Hispanic whites were
more likely to use memantine than non-Hispanic blacks (odds ratio 2.5) but there was no
significant difference between Hispanics and non-Hispanic blacks in memantine use. Subjects
who were referred by clinics, had a higher CDR-SUM, and with less severe apathy, were more
likely to use memantine

MMSE had a monotonically decreasing relationship with memantine use that differed from its
nonlinear relationship with AChEI. We also included AChEI use as a predictor of memantine
use. Those using AChEI were 5.6 times more likely to be using memantine. The bivariate
relationship between the two variables indicates that 81.6% of those who use memantine also
use AChEI.

The significant variance of the constant in both equations indicates that there is between-ADC
variance in the constant, which is consistent with significant between-ADC variance in the
percentage of subjects using AChEI or memantine
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Discussion

Our two major findings are that “off label” usage of anti-dementia medications (both AChEI
and memantine) is frequent in individuals with a CDR 0.5 rating, and that multiple factors
modify this likelihood, including diagnosis, race, and other demographic factors. These
findings extend our previous study showing substantial memantine use in mild dementia (CDR
1.0) [1]. The study also extends our previous findings regarding racial disparities in anti-
dementia drug use through use of a large national sample.

There have been several clinical studies of AChEI in MCI, defined as CDR 0.5, most notably
by Petersen and colleagues comparing donepezil, vitamin E and placebo on AD conversion
rates. Neither this study nor the clinical trial of galantamine in MCI have shown differences in
conversion rates to AD, suggesting that benefits on disease course are modest at best in MCI
[15,16].

Memantine is FDA approved for moderate to severe AD based on two pivotal trials [17,18]
and its use in CDR 0.5, in general, suggests appreciable off-label use in this mildly impaired
population. While there have been several clinical trials in “mild to moderate” AD, no studies
have been published regarding memantine and MCI akin to the Petersen study mentioned above
[19-21]. There have also been extensive clinical trials and case reports in psychiatric disorders,
indicating hope that glutaminergic modulation may be important in these disorders [22,23].

Other factors that are believed to be associated with off-label use that cannot be investigated
with the UDS data include narrow therapeutic indications, advertising, and lack of other
effective therapeutic options. Previous research has also suggested that adverse effects are more
common with off-label usage, but the UDS does not include this information [24-28].

Diagnosis and likelihood of treatment

Diagnostic labeling is an important factor in treatment decisions. The issues regarding why an
individual subject evaluated at an ADC might receive a diagnosis of MCI or AD is beyond the
scope of this paper, and currently under investigation.

Demographics and medication use

Race appears to be more important than ethnicity (Hispanic versus Non-Hispanic); given the
small number of Hispanic subjects, this conclusion warrants further study. Family advocacy
may be important (more use in married individuals), but the role of socio-economic factors
and access to medicines because of insurance coverage cannot be assessed since these variables
are not in the UDS.

A number of attempts have been made to isolate how racial and ethnic disparities arise.
McGinnis et al. [29] looked at treatment outcomes of dementia patients based on race and
ethnic concordance between interventionists and caregivers and found only minor differences
between concordant and discordant dyads. Connell and collaborators [30] found that blacks
and Hispanics were significantly more likely to perceive AD as a natural aspect of aging than
were whites.

Implications of these beliefs could resonate in seeking care and in health outcomes. Looking
at differences between African Americans and whites regarding attitudes towards genetic
testing for AD, Hipps and colleagues [31] found that African Americans showed less interest
in testing, endorsed fewer reasons for pursuing it, and anticipated fewer negative consequences
from a positive test result. In a broader context Belle et al. [32] found that across ethnicities,
tailoring a multi-component intervention to individual risk profiles increased positive quality
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of life outcome. Han and Liu [33] also stressed the need for education programs for minorities.
In our model, educational attainment was more important for AChEI use than memantine use.

Behavioral symptoms and medication use

While test performance and an indirect activities of daily living (ADL) measure (CDR-SUM)
are important variables in medication usage, it is less clear how behavioral variables contribute
to variance in medication usage. It is possible that selective use of a new medication occurs in
subjects perceived to be healthier or subjects with behavioral problems utilize medical care at
different rates. Further studies using all NP1 variables would be useful, but should consider the
underlying three-factor structure of the NP1 in this population, as previous studies have shown
[34-36].

Conclusion

There are several limitations to this study that may affect the robustness of our findings. The
NACC database is not an epidemiological sample nor is it longitudinal data. A substantial
number of subjects could not be better classified since we could not discern their cognitive
status. The size and comprehensive nature of the NACC database give the best possible picture
of treatment patterns as reflected by geographically diverse research centers working in concert.
Our multi-level analysis controls for site effects, as the data suggest wide variability in
prescription patterns.

The actual source of the medications is unknown, and reflects a combination of academic and
community physicians, probably of multiple specialties. We are also dependent on accurate
medication reporting by subjects and families and on accurate data submission by the ADCs.
While referral source was a significant predictor of both AChEI and memantine use, differences
by diagnostic category and demographic characteristics remained when referral source was
controlled.

Awareness of racial and demographic treatment patterns and the widespread variability in
diagnosis and treatment in individuals with clinical ratings of uncertain dementia is important
for spurring further research in these areas.
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Figure 1.

Inclusion and Exclusion Criteria for Study Sample
NACC = National Alzheimer's Coordinating Center; CDR = Clinical Dementia Rating; MCI
= Mild Cognitive Impairment; CDR= Clinical Dementia Rating
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