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Abstract.
Background: African Americans are at increased risk for Alzheimer’s disease (AD) but barriers to optimal clinical care are
unclear.
Objective: To comprehensively evaluate potential racial differences in the diagnosis and treatment of AD in an academic
medical center.
Methods: We used the clinical informatics tool, i2b2, to analyze all patient encounters for AD or mild cognitive impairment
(MCI) in the University of Alabama at Birmingham Health System over a three-year period, examining neuroimaging rates
and dementia-related medication use by race and clinic site using ratio tests on contingency tables of stratified patient counts.
Results: Enterprise-wide, African Americans were not underrepresented among outpatients seen for AD/MCI. However,
there were differences in the clinic setting where visits occurred, with African Americans overrepresented in Geriatrics
and primary care clinics and underrepresented in Memory Disorders specialty clinics. There were no racial differences in
the rates at which any clinic ordered PET neuroimaging tests or dementia-related medications. However, unsurprisingly,
specialty clinics ordered both PET neuroimaging and dementia-related medications at a higher rate than primary care clinics,
and overall across the medical enterprise, African Americans were statistically less likely to have PET neuroimaging or
dementia-related medications ordered.
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Conclusion: African Americans with AD/MCI were not underrepresented at this academic medical center but were somewhat
less likely to have PET neuroimaging or to be on dementia-related medications, potentially in part from underrepresentation
in the specialty clinics where these orders are more likely. The reasons for this underrepresentation in specialty clinics are
likely multifactorial and important to better understand.

Keywords: African Americans, Alzheimer’s disease, cognition, dementia, geriatrics, mild cognitive impairment, neuroimag-
ing, racial factors, referral and consultation

INTRODUCTION

Research in neurodegeneration and dementia has
identified several factors influencing risk of Alzh-
eimer’s disease (AD) that can inhibit successful diag-
nosis and treatment, one of the most notable being
racial disparities [1, 2]. Notably, those with an African
American racial background or a Hispanic ethnic
background have a greater risk to develop AD or mild
cognitive impairment (MCI) [3–5]. The root causes of
these racial and ethnic discrepancies have numerous
potential sources, including differences in socioe-
conomic status, educational opportunity, healthcare
access, medical comorbidities, genetic risk variants,
and many other factors [5–12]. These racial dispar-
ities are further influenced by differences endemic
to the regions where these specific groups are con-
centrated. This is especially true when the regional
differences are intrinsically related to the biological
and health-based factors that are associated with AD
in their own right, for example the increased inci-
dence of poor cardiovascular health and obesity in
the Deep South [8, 13–17].

Beyond simply impacting the prevalence of AD
and MCI, racial differences also exist with respect to
access to appropriate medical care, adequate educa-
tion, and other necessary resources for treating AD/
MCI [4, 8, 11, 14, 18]. The racial differences in
incidence of AD/MCI have been routinely found
nationwide without strict dependence on location and
are believed to be due to a combination of biologi-
cal, genetic, and psychosocial factors [4], although
evaluations within the Deep South in particular are
less well characterized. Regardless, many of the cha-
llenges related to studying dementia in African
Americans and the reasons for this discrepancy in pre-
valence have been framed solely in terms of biolog-
ical determination while giving socioeconomic and
cultural factors such as medical mistrust less consid-
eration [8]. However, these features have impacted
the historical underrepresentation of African Ameri-
cans in biomedical research on AD/MCI and in turn
influenced access of African Americans to care. For

example, education is routinely cited as a protective
factor in AD prevalence and a study of one biracial
community in North Carolina observed how educa-
tion may encourage patients to seek medical care and
in turn lead to improved access of care for patients
with AD regardless of race [14] even though educa-
tional attainment may have its own racial differences.
Interactions and experiences with providers and care
institutions can also differ based on racial and ethnic
background as seen in a set of structured interviews
of 39 ethnically diverse family dementia caregivers
which specifically considered pathways to diagno-
sis and experiences within the medical system [11].
All of these disparate facets can lead to a delay in
timely diagnosis of AD in African Americans, driven
by issues such as recognition of symptoms by care-
givers and physician contact as hurdles which further
emphasizes the need to increase connecting patients
with providers to improve diagnosis times [18]. Taken
together, identification of these complex racial differ-
ences is recognized as a crucial first step to improve
treatment for diverse and underserved populations
and warrants additional research.

These racial disparities in risk and access may
influence other, more specific aspects of AD diagno-
sis and treatment. For example, recent emphasis on
early detection of AD and significant advances in
neuroimaging have enabled identifying the unique
pathologies of AD that previously could only be dia-
gnosed postmortem [19–21]. Positron emission
tomography (PET) imaging using ligands specific to
aggregated amyloid-� [22, 23] and tau [24] can non-
invasively detect amyloid plaques and neurofibrillary
tangles, the pathologic hallmarks of the disease.
In addition, 2-deoxy-2-[18F]fluoro-D-glucose (FDG)
PET can also detect patterns of neuronal injury and
hypometabolism in certain brain regions to indire-
ctly identify phenotypes of AD and other dementias
[25]. These PET-based techniques have the potential
to more precisely identify and characterize diseases
beyond the structural data obtained with magnetic
resonance imaging (MRI) [26–28]. Although these
imaging techniques are very promising, there has
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been very little research on the potential impact of
racial differences with respect to their accessibility.

Fortunately, new clinical informatics tools have
been developed that utilize information gathered thr-
ough the electronic medical record to extensively
investigate patterns of clinical care. Leveraging these
tools can aid inquiries into patient care using que-
ries based on demographics, diagnoses, procedures,
provider clinic, and other clinical variables. To com-
prehensively investigate racial differences in AD
care, we used the local implementation of Informat-
ics for Integrating Biology and the Bedside (i2b2) at
the University of Alabama at Birmingham (UAB) to
explore the association between race and patient char-
acteristics to identify potential racial disparities in the
evaluation of AD/MCI in the Birmingham, Alabama
metropolitan area.

METHODS

i2b2 platform

i2b2 is an NIH-funded, open-source framework
that integrates patient clinical data and additional
health information to support research endeavors
[29]. The system has been adopted at over 140 aca-
demic medical systems nationwide, including many
with Clinical and Translational Science Awards from
the National Center for Advancing Translation Scie-
nces [30]. i2b2 allows for institutional review boa
rd–approved, HIPAA-compliant searches of a de-ide-
ntified data warehouse of patient health information.
The current study used the i2b2 implementation at
UAB to return summary data of unique patient counts
meeting prespecified criteria such as demographics
and visit details while restricted to a “Limited Data
Set” view lacking all protected health information
(PHI). Database searches within i2b2 used a fixed
three-year window from October 10, 2015 to Octo-
ber 10, 2018 to identify unique individual patients
meeting previously determined specific criteria.

Patient population

The study population was established using a
combination of demographic and diagnostic criteria
to identify unique, individual patients. Encounters
were limited to billable, in-person visits within the
UAB Medicine system and excluded other encoun-
ters such as telephone or email correspondence with
providers. Patients were required to have at least

one encounter where the primary ICD-10 diagno-
sis used for billing was either Alzheimer’s disease
(G30) or mild cognitive impairment (G31.84), depen-
ding on the query. Comparisons based on self-iden-
tified race were specifically made between African
Americans and non-Hispanic whites. Focus on this
comparison facilitated interpretation of the results
while granting the largest coverage of known pat-
ient races across the medical system (53.8% non-
Hispanic white, 27.4% African American, 13.9%
unknown/undeclared, 4.9% all others).

Specialty clinics

In addition to enterprise-wide searches, unique en-
counters were also restricted to focus on specific
clinics within the UAB Medicine system that com-
monly treat patients with either AD or MCI as out-
patients. The Memory Disorders subspecialty clinic
within the Department of Neurology is staffed by
fellowship-trained behavioral neurologists and foc-
uses on treatment of neurodegenerative dementia
syndromes. This specialty clinic was evaluated inde-
pendently of other clinics within the Department of
Neurology, which were also included in the analysis
as an additional specialty setting. Preliminary investi-
gation using i2b2 identified other outpatient settings
that also commonly provide care for patients with
these diagnoses. These included Geriatric Medicine
as well as a “Primary Medicine” group which combi-
ned the General/Internal Medicine, Family Medicine,
and Primary Care clinics. Each of these four clini-
cal groups were found to have at least 75 patients
meeting the diagnostic criteria with in-person visits
during the study window. Queries for Memory Dis-
orders allowed for provider referrals within UAB;
however, these patients with visits to multiple set-
tings were excluded from queries for clinical settings
outside Memory Disorders. This was to emphasize
how patients who were seen in these non-specialist
settings would receive orders or treatments specifi-
cally from non-specialty providers. Although this did
exclude patients initially seen for AD/MCI from these
non-specialty locations if they were seen at both clin-
ical settings. In addition, insurance payments were
considered for AD/MCI encounters within each clinic
to compare covered visits paid by federally subsi-
dized programs (Medicare, Medicaid, CHAMPUS)
or private insurers (Blue Cross or other commer-
cial providers) to encounters with self-payment by
patients.
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Neuroimaging criteria

Queries in i2b2 allow for restricting procedures
to specific indications, and this capacity was lever-
aged to identify rates of use for various imaging
techniques specifically for AD/MCI. Assessment of
AD-related PET neuroimaging specifically queried
records of AD or MCI patients who received either
[18F]florbetapir for amyloid-PET or FDG-PET. Addi-
tionally, AD or MCI patients who received brain MRI
were also queried for comparison to PET. Other neu-
roimaging modalities were queried enterprise-wide
as control evaluations including any instances of
computed tomography (CT) or brain MRI for any
indication as a general reference due to their ubiq-
uitous use. As a control evaluation of molecular
neuroimaging, instances of PET specifically used for
evaluation of epilepsy were assessed. Finally, as a
control for molecular imaging outside of neurology,
usage rates of PET for oncological malignancies were
queried including PET for breast, cervical, colorec-
tal, esophageal, lung, lymphoma, melanoma, ovarian,
and thyroid cancer assessment at both the initial stage
and restaging. All non-amyloid PET, MRI, and CT
records were restricted to imaging performed as reg-
ular clinical care, with evaluations ordered as part of
research studies excluded in this analysis, while most
amyloid PET records were obtained as part of the
Imaging Dementia-Evidence for Amyloid Scanning
(IDEAS) study in 2016–17 [31].

FDA-approved AD medications

Medication queries identified any patients with the
drug of interest on their medication list, regardless of
whether it was prescribed by a UAB provider. The
primary analysis focused on the most commonly pre-
scribed AD drug, the acetylcholinesterase inhibitor
donepezil, at all oral doses with queries on other com-
monly prescribed FDA-approved AD medications
including the acetylcholinesterase inhibitors galan-
tamine and rivastigmine and the glutamate blocker
memantine.

Statistical analysis

Descriptive statistics were computed for all study
variables. Statistical analysis evaluated the odds ra-
tios arising from 2 × 2 contingency tables with exact
tests using conditional maximum likelihood tests
or median-unbiased estimation when individual cell
counts of less than 5 were observed. Contingency

table methods were utilized instead of linear model
designs as only count data for the groups of inter-
est were available in i2b2 and individual patient data
were not part of the access level granted to this study.
In all cases an adjusted significance threshold of
p < 0.01 was used due to the number of models being
considered. Statistics and data visualization were car-
ried out using R 3.4 [32].

RESULTS

Differences in AD-related PET imaging

When we examined clinical utilization of AD-
related PET neuroimaging, there was a notable unde-
rrepresentation of African Americans. Whereas over
24% of all patients seen for AD/MCI were African
American, only 7.0% of patients receiving amyloid
PET and 11.4% of patients receiving FDG-PET were
African American (Table 1, Fig. 1). To determine if

Fig. 1. Proportion of outpatients receiving various imaging tests
who were African American. The African American proportions
of patients receiving Amyloid-PET (p = 0.0074) or FDG-PET for
AD/MCI (p = 0.0024) was lower than the proportions of African
American AD/MCI patients (red line) and trended lower compared
to the African American proportion of AD/MCI outpatients across
the medical system (blue line) (Amyloid-PET p = 0.027; FDG-
PET p = 0.032). In contrast, the African American proportion of
AD/MCI outpatients receiving brain MRI for AD/MCI did not dif-
fer from these benchmarks (p = 0.43). In addition, when compared
to the total African American proportion of outpatients seen across
the enterprise, there was no difference in the African American
proportion of outpatients receiving brain MRIs for any indica-
tion (p = 0.15) while there was a greater than expected proportion
receiving head CTs (p < 0.0001). Considering other PET imaging
modalities, there were no differences in the African American pro-
portion of outpatients receiving brain PET for epilepsy indications
(p = 0.66), nor in the African American proportion of outpatients
receiving oncology PET (p = 0.53).



C.F. Murchison et al. / Enterprise-Wide Racial Differences in AD 547

Table 1
Enterprise-wide representation of African Americans for various encounters and imaging tests

Encounter Total African Non-Hispanic p
type American white

Metro population, age ≥ 65 166,162 35,484 (21.4%) 130,678 (78.6%) –
AD/MCI diagnoses
All patients

AD diagnosis 2,224 533 (24.0%) 1,691 (76.0%) 0.0033†
MCI diagnosis 3,433 816 (23.8%) 2,617 (76.2%) 0.0008†
AD or MCI diagnosis 5,287 1,291 (24.4%) 3,996 (75.6%) <0.0001†

Outpatients only
AD diagnosis 1,386 287 (20.7%) 1,099 (79.3%) 0.58†
MCI diagnosis 2,748 553 (20.1%) 2,195 (79.9%) 0.12†
AD or MCI diagnosis 3,840 805 (21.0%) 3,035 (79.0%) 0.58 †

AD/MCI neuroimaging
Amyloid PET 40 3 (7.5%) 37 (92.5%) 0.0074‡; 0.027§

FDG-PET for AD/MCI 112 14 (12.5%) 98 (87.5%) 0.0024‡; 0.032§

Brain MRI for AD/MCI 1,146 253 (22.1%) 893 (77.9%) 0.093‡; 0.43§

All neuroimaging
Outpatients, enterprise-wide 378,333 115,115 (30.4%) 263,218 (69.6%) –

Brain MRI for any indication 18,877 5,651 (29.9%) 13,226 (70.1%) 0.15∗
Head CT for any indication 30,977 12,263 (39.6%) 18,714 (60.4%) <0.0001∗

Epilepsy outpatients 4,933 1,512 (30.7%) 3,421 (69.3%) –
FDG-PET for Epilepsy 96 27 (28.1%) 69 (71.9%) 0.66 #

Oncology outpatients 22,222 4,567 (20.6%) 17,655 (79.4%) –
Oncology PET 4,629 932 (20.1%) 3,697 (79.9%) 0.53∗∗

NOTE: Statistical tests compare African Americans to non-Hispanic whites with p values for listed comparisons calculated from conditional
maximum likelihood, or median-unbiased estimation for contingency tables with cell counts less than 5. AD, Alzheimer’s disease; MCI, mild
cognitive impairment; PET, positron emission tomography; MRI, magnetic resonance imaging; FDG, fluorodeoxyglucose; CT, computed
tomography. †Compared to Metro population, age ≥65. ‡Compared to AD or MCI diagnosis for all patients. §Compared to AD or MCI
diagnosis for outpatients only. ∗Compared to outpatients enterprise-wide. #Compared to Epilepsy outpatients. ∗∗Compared to Oncology
outpatients.

this underrepresentation was true of neuroimaging in
general, we compared data from several other neu-
roimaging modalities to see if their utilization also
differed significantly from the proportion of African
Americans served by the medical system, with an
emphasis on outpatients as this is where most such
neuroimaging is ordered. African Americans were
not underrepresented among those having a brain
MRI (either among those ordered to evaluate spe-
cifically for AD/MCI or among those ordered
enterprise-wide for any indication) and were over-
represented among those having head CT scans for
any indication (Table 1, Fig. 1).

Next, we examined whether African Americans
were underrepresented among those undergoing
other types of PET imaging, to determine if the obs-
erved difference related generally to PET. However,
African Americans were not underrepresented am-
ong those receiving FDG-PET for epilepsy (Table 1,
Fig. 1). In addition, African Americans were not un-
derrepresented among those receiving oncological
PET imaging for a variety of malignancies (breast,
cervical, colorectal, esophageal, lung, lymphoma,
melanoma, ovarian, and thyroid cancer), whether for

initial staging or restaging evaluations, and did not
differ from the African American proportion of out-
patients seen for those types of malignancies (Table 1,
Fig. 1). Thus, the lower frequency of AD-related PET
neuroimaging observed for African Americans does
not seem to be reflective of any broader pattern with
PET imaging in general.

Demographic differences between clinics

AD-related PET neuroimaging is more likely to be
ordered by memory disorders providers, and in fact
the appropriate use criteria for amyloid-PET requires
a specialist’s order [33]. Therefore, we hypothesized
that the lower rates of AD-related PET imaging for
African Americans could arise at least in part from
underrepresentation in the subspecialty Memory Dis-
orders clinic. Of the 4,240 outpatients seen across the
enterprise with a primary diagnosis of AD or MCI,
3,416 (80.6%) were seen in Neurology or Primary
Care clinics, so we focused our analyses on these
clinics, grouping them into four categories: Memory
Disorders (a subspecialty clinic in neurology), Other
Neurology clinics, Primary Medicine (primary care,
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Table 2
Counts and proportions of outpatient visits by race, diagnosis, and clinic

Clinical setting Total patients African American Non-Hispanic white p∗

AD
Enterprise-wide outpatients 1,114 251 (22.5%) 863 (77.5%)
Memory Disorders 438 59 (13.5%) 379 (86.5%) <0.0001
Other Neurology 126 16 (12.7%) 110 (87.3%) 0.0081
Primary Medicine 83 37 (44.6%) 46 (55.4%) <0.0001
Geriatrics 338 127 (37.6%) 211 (62.4%) <0.0001

MCI
Enterprise-wide outpatients 2,205 426 (19.3%) 1,779 (80.7%)
Memory Disorders 701 96 (13.7%) 605 (86.3%) 0.0007
Other Neurology 675 97 (14.4%) 578 (85.6%) 0.0036
Primary Medicine 230 112 (48.7%) 118 (51.3%) <0.0001
Geriatrics 317 78 (24.6%) 239 (75.4%) 0.029

AD or MCI
Enterprise-wide outpatients 3,072 651 (21.2%) 2,421 (78.8%)
Memory Disorders 1,047 151 (14.4%) 896 (85.6%) <0.0001
Other Neurology 783 112 (14.3%) 671 (85.7%) <0.0001
Primary Medicine 311 149 (47.9%) 162 (52.1%) <0.0001
Geriatrics 616 196 (31.8%) 420 (68.2%) <0.0001

*p values are from conditional maximum likelihood exact tests, comparing the relative proportion of African American patients to non-
Hispanic white patients with a given diagnosis in each of the various clinic settings to the enterprise-wide relative proportion. In other words,
the proportion in each row is compared to the enterprise-wide proportion for that diagnosis.

Fig. 2. Proportion of unique outpatients seen in various settings with a primary diagnosis of AD or MCI who were African American.
Left, The African American proportion of outpatients seen for AD within the Memory Disorders specialty clinic or in other Neurology
clinics was less than the proportion seen for AD outpatients across the entire medical system (red line, 22.5%; p < 0.0001 and p = 0.0081
respectively) while the proportion seen within the Primary Medicine and Geriatrics clinics was greater than expected (both p < 0.0001).
Right, A similar pattern held for outpatients seen for MCI, with African Americans also underrepresented in the Memory Disorders and
other Neurology clinics (p = 0.0007 and p = 0.0036 respectively) and overrepresented in the Primary Medicine clinic (p < 0.0001) with a
trend towards overrepresentation in the Geriatrics clinic (p = 0.029), relative to enterprise-wide average (blue line, 19.3%).

family medicine, internal medicine), and Geriatrics
(Table 2). Among the outpatients in these four groups,
19.1% were African American, which was not differ-
ent from the proportion of African Americans age 65

or greater in the Metro area (21.4%) (p = 0.84). This
subset of outpatients was used as the enterprise-wide
metric for comparison when evaluating the individual
outpatient clinics.
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Among patients seen for a primary diagnosis of
AD, African Americans were underrepresented in
the Memory Disorders and Other Neurology clin-
ics but overrepresented in the Primary Medicine and
Geriatrics clinics relative to the African American
proportion of outpatients with AD (Table 2, Fig. 2).
The same pattern was observed when examining out-
patients seen for MCI or when grouping both AD and
MCI (Table 2). Thus, African Americans with AD or
MCI are more likely to see providers in Geriatrics
or other primary care settings than in the Memory
Disorders or Other Neurology specialty settings.

Differences in imaging orders between clinics

To determine if racial differences in the clinics
where patients are evaluated could contribute to the
observed underutilization of AD-related PET imag-
ing in African Americans, we compared orders for
these imaging studies across the various outpatient
settings to the enterprise-wide rates (Table 3). As
expected, AD-related PET imaging was much more
likely to be ordered by Memory Disorders providers
than by providers in any other outpatient setting.

Amyloid-PET was ordered exclusively in the Mem-
ory Disorders clinic (Table 3) and FDG-PET was
also ordered more commonly in the Memory Dis-
orders clinic compared to the Other Neurology,
Primary Medicine, and Geriatrics clinics (Table 3).
Since Memory Disorders clinic providers were more
likely to order AD-related PET imaging, the fact that
African Americans were less frequently seen in this
clinic is a potential reason that they were less likely,
at an enterprise-wide level, to have these tests.

We next asked whether there were racial differ-
ences in neuroimaging utilization within each clinic.
When comparing the PET imaging rates between
African Americans and other groups within clinics,
no racial discrepancies were observed. Within the
Memory Disorders clinic, African Americans were
not less likely to receive amyloid-PET or FDG-PET
when compared to non-Hispanic whites (Table 3,
Fig. 3). Although FDG-PET for AD was less fre-
quent in the other outpatient settings, those clinics
also did not show a difference in the imaging rates
between African Americans and non-Hispanic whi-
tes. Although African American outpatients were less
like to receive FDG-PET when considered across the

Table 3
Neuroimaging for Alzheimer’s disease and mild cognitive impairment outpatients by race and clinic

Neuroimaging Total patients African American Non-Hispanic white p*

Enterprise-wide outpatients
AD/MCI patients 3,072 651 2,421
Amyloid PET 40 (1.2%) 3 (0.5%) 37 (1.5%) 0.023
FDG-PET 94 (2.8%) 14 (2.2%) 80 (3.3%) 0.15
Brain MRI 979 (28.7%) 211 (32.4%) 768 (31.7%) 0.74

Memory Disorders
AD/MCI patients 1,047 151 896
Amyloid PET 40 (3.3%) 3 (2.0%) 37 (4.1%) 0.26
FDG-PET 71 (5.8%) 7 (4.6%) 64 (7.1%) 0.30
Brain MRI 376 (30.8%) 69 (45.7%) 307 (34.2%) 0.0078

Other Neurology
AD/MCI patients 783 112 671
Amyloid PET 0 (0%) 0 (0%) 0 (0%) -
FDG-PET 19 (2.2%) 2 (1.8%) 17 (2.5%) 0.69
Brain MRI 338 (38.8%) 62 (55.4%) 276 (41.1%) 0.0054

Primary Medicine
AD/MCI patients 311 149 162
Amyloid PET 0 (0%) 0 (0%) 0 (0%) -
FDG-PET 4 (1.2%) 1 (0.7%) 3 (1.9%) 0.41
Brain MRI 71 (22.0%) 42 (28.2%) 29 (17.9%) 0.042

Geriatrics
AD/MCI patients 616 196 420
Amyloid PET 0 (0%) 0 (0%) 0 (0%) -
FDG-PET 1 (0.2%) 0 (0%) 1 (0.2%) -
Brain MRI 58 (9.1%) 21 (10.7%) 37 (8.8%) 0.46

∗p values are from conditional maximum likelihood or median unbiased exact tests comparing the proportions of African American AD/MCI
patients receiving each type of neuroimaging to the proportion of non-Hispanic white patients receiving the same imaging, within each clinical
setting. Data presented as counts (percentages of the AD/MCI patients). AD, Alzheimer’s disease; MCI, mild cognitive impairment; PET,
positron emission tomography; FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging.
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Fig. 3. Proportion of AD/MCI outpatients who received AD FDG-PET (left) and brain MRI (right) in each clinical setting subset by race.
Regardless of race, outpatients with AD/MCI seen by Memory Disorders or other Neurology clinics were more likely to receive a brain
MRI for AD than in the Primary Medicine or Geriatrics clinics or when compared to the entire medical system (all p < 0.0001, p-values
not shown on plot). Outpatients seen in Memory Disorders were also more likely to receive AD FDG-PET when compared to any other
clinical setting. Within each clinic, there was no difference in the African American proportion of AD/MCI patients who received FDG-PET
and non-Hispanic white patients. This was also no difference when evaluating racial differences in brain MRI for the Primary Medicine
or Geriatrics or when considering all AD/MCI outpatients across the entire medical system. However, African American outpatients with
AD/MCI were much more likely to receive a brain MRI for AD within the Memory Disorders clinic or other Neurology clinics compared
to non-Hispanic white AD/MCI outpatients (p = 0.0078 and p = 0.0054 respectively). This is hypothesized to reflect that fewer African
Americans had outside imaging prior to their visits with the specialty providers.

entire medical system (Table 1, Fig. 1), no statistical
difference was observed when focusing on these four
specialist and primary care clinical settings (Table 3,
Fig. 3). Therefore, although Memory Disorders spe-
cialists were more likely to order AD-related PET
images compared to other outpatient settings, there
were no differences in PET orders within any of the
clinics according to race.

Given the lower rate of encounters of African Ame-
ricans in the Memory Disorders and Other Neuro-
logy clinics, we also asked whether there were other
differences besides PET imaging utilization in the
evaluation or treatment of AD/MCI between the sub-
specialty and primary clinics. Much like with PET
imaging, providers in the Memory Disorders and
Other Neurology clinics were more likely to order br-
ain MRI than those in primary care settings (Table 3,
Fig. 3). We also examined MRI ordering patterns
within clinics to check for racially based distinctions.
African Americans were actually more likely to have
a brain MRI when evaluated in either Memory Disor-
ders or the Other Neurology clinics, with a similar but
non-significant trend in Primary Medicine (Table 3,
Fig. 3). This could reflect the fact that fewer African
Americans had outside imaging prior to their visits
with UAB providers. Therefore, African American
AD/MCI patients are no less likely to receive brain

MRI imaging for AD/MCI regardless of which clinic
setting they are evaluated in.

Differences in AD medication use

Given the differences in neuroimaging utilization
between the clinics, we next evaluated the use of
FDA-approved AD medications (donepezil, rivastig-
mine, galantamine, or memantine). Notably, when
examined enterprise-wide across all specialty and
primary care settings, African American outpatients
with AD/MCI were less likely to be using at least one
of these AD medications than non-Hispanic white
outpatients with AD/MCI (Table 4, Fig. 4). This was
also true when examining donepezil or memantine
use individually. As this was similar to the enterprise-
wide pattern we had observed with AD-related PET
neuroimaging, we hypothesized that this may also
be associated with the previously noted demographic
differences between clinics and examined AD med-
ication use within the four outpatient clinic settings.
As expected, Memory Disorders clinic patients were
more likely to be on donepezil, memantine, or any of
the four AD medications than outpatients seen exclu-
sively by the Other Neurology, Primary Medicine,
or Geriatrics clinics (Table 4, Fig. 4). Given that
African Americans were less likely to be evaluated in
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Fig. 4. Proportion of AD/MCI outpatients with prescriptions for donepezil individually (left) as well as combined with other FDA-approved
AD treatments including galantamine, rivastigmine and memantine (right), subset by race and clinic. Outpatients seen by Memory Disorders
specialists were significantly more likely to be using an antidementia medication compared to any other outpatient clinical setting individually
or the entire medical system (p < 0.0001 for donepezil or all four FDA-approved medications for all settings, p-values not shown on plot).
Within individual clinics, the African American proportion of AD/MCI patients using donepezil did not differ from the non-Hispanic white
proportion of AD/MCI patients using donepezil or for any FDA-approved antidementia medication at any of the centers. However, due to the
racial underrepresentation of African American AD/MCI outpatients in specialty settings and higher overall medication usage in Memory
Disorders, both donepezil and overall medication use by African American AD/MCI patients was observed to be significantly lower than use
by non-Hispanic whites when examined across the entire medical enterprise (p = 0.0035 and p < 0.0001 respectively). Although not indicated
on this plot, memantine use for moderate to severe AD was lower for African Americans compared to non-Hispanic whites in Memory
Disorders (p = 0.0008) and the Geriatrics clinics (p = 0.0070) as well as across the entire medical enterprise (p < 0.0001) when considered
for all AD/MCI outpatients. However, within Memory Disorders, when specifically considering outpatients with Alabama Brief Cognitive
Screener (ABCs) scores less than 14, indicative of moderate AD, there was no difference in the proportion of African Americans using
memantine (37.0%) compared to non-Hispanic whites using the drug (45.1%, p = 0.53).

Memory Disorders clinic, this could contribute to
their enterprise-wide lower rate of AD medication
use.

Next, we examined prescribing patterns within
each clinic for racial differences. As we saw with neu-
roimaging, when examined within clinics by race,
none of the outpatient settings showed a difference in
use of donepezil or of any FDA-approved AD med-
ication (Table 4, Fig. 4). The only difference we
observed was that in the Memory Disorders and Geri-
atrics clinics, African American AD/MCI outpatients
were less likely to use memantine than non-Hispanic
whites (Table 4, Fig. 4). Because memantine has
not been shown to be effective in mild AD [34]
and the original trials supporting its efficacy were in
patients with MMSE scores of 13 or less [35], these
clinics generally use memantine only when patients
reach this range on the Alabama Brief Cognitive
Screener (ABCs), a similar measure [36]. Therefore,
we hypothesized a difference in memantine prescrib-
ing could be due to a proportional difference in the
racial background of such patients in more severe
stages of AD with lower ABCs scores. This idea

was supported when specifically considering Mem-
ory Disorders outpatients with ABCs score less than
14, indicative of moderate to severe AD. Among these
more disabled patients, the proportion of African
Americans using memantine (37.0%) did not differ
from the proportion of non-Hispanic whites (43.6%,
p = 0.60).

No differences in insurance coverage

Finally, we examined whether there were differ-
ences in insurance coverage that could contribute
to the observed differences in encounter patterns,
neuroimaging, and medication usage. However, the
African American proportion of AD/MCI outpa-
tients with encounters covered by federally funded or
commercial insurance programs was not statistically
different from the non-Hispanic white proportion,
both enterprise-wide and within each outpatient clin-
ical setting (Table 5). Regardless of race, nearly all
AD/MCI outpatients had at least some level of cov-
erage, with over 90% having insurance pay for a
given encounter (Table 5) which was not different
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Table 4
FDA-approved AD Medication use by clinic setting

Medication Total African Non-Hispanic p
patients American white

Enterprise-wide outpatients
AD/MCI patients 3,072 651 2,421
Donepezil 1,243 (40.5%) 231 (35.5%) 1,012 (41.8%) 0.0035
Memantine 592 (19.3%) 81 (12.4%) 511 (21.1%) <0.0001
Any AD medication 1,607 (52.3%) 277 (42.5%) 1,330 (54.9%) <0.0001

Memory Disorders
AD/MCI patients 1,047 151 896
Donepezil 565 (54.0%) 83 (55.0%) 482 (53.7%) 0.85
Memantine 291 (27.8%) 25 (16.6%) 266 (29.7%) 0.0008
Any AD medication 724 (69.1%) 96 (63.6%) 628 (70.1%) 0.12

Other Neurology
AD/MCI patients 783 112 671
Donepezil 175 (22.3%) 28 (25.0%) 147 (21.9%) 0.46
Memantine 68 (8.7%) 5 (4.5%) 63 (9.4%) 0.10
Any AD medication 249 (31.8%) 32 (28.6%) 217 (32.3%) 0.44

Primary Medicine
AD/MCI patients 311 149 162
Donepezil 106 (34.1%) 46 (30.9%) 60 (37.0%) 0.28
Memantine 41 (13.2%) 14 (9.4%) 27 (16.7%) 0.066
Any AD medication 122 (39.2%) 52 (34.9%) 70 (43.2%) 0.16

Geriatrics
AD/MCI patients 616 196 420
Donepezil 225 (36.5%) 64 (32.7%) 161 (38.3%) 0.18
Memantine 124 (20.1%) 27 (13.8%) 97 (23.1%) 0.0070
Any AD medication 302 (49.0%) 83 (42.3%) 219 (52.1%) 0.024

Data presented as counts (percentages) with patient percentages taken out of racial subset total for each clinic setting;
p values taken from conditional maximum likelihood exact tests comparing African American proportions to non-
Hispanic white proportions within each clinical setting. Any AD medication includes donepezil, rivastigmine,
galantamine, or memantine. AD, Alzheimer’s disease; MCI, mild cognitive impairment.

Table 5
Insurance coverage use by clinic setting

Medication Total African Non-Hispanic p
patients American white

Enterprise-wide outpatients
AD/MCI patients 3,072 651 2,421
Covered 2,855 (92.9%) 596 (91.6%) 2,259 (93.3%) 0.13

Memory Disorders
AD/MCI patients 1,047 151 896
Covered 987 (94.3%) 140 (92.7%) 847 (94.5%) 0.34

Other Neurology
AD/MCI patients 783 112 671
Covered 737 (94.1%) 105 (93.8%) 632 (94.2%) 0.83

Primary Medicine
AD/MCI patients 311 149 162
Covered 283 (91.0%) 135 (90.6%) 148 (91.4%) 0.85

Geriatrics
AD/MCI patients 616 196 420
Covered 566 (91.9%) 177 (90.3%) 389 (92.6%) 0.34

Data presented as counts (percentages) with patient percentages taken out of racial subset total for each clinic
setting; p values taken from conditional maximum likelihood exact test comparing African American proportions
to non-Hispanic white proportions within each clinical setting. Covered patients had insurance coverage under
either federally funded (Medicare A/B, Medicaid, Champus) or commercial programs. AD, Alzheimer’s disease;
MCI, mild cognitive impairment.
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between clinics. Procedurally, insurance coverage is
not a motivating factor for any specialty clinic nor
primary settings at this institution; none of the clinics
screen patient referrals according to insurance type
and all clinics have financial assistance programs.
Taken together, these results suggest the reason these
patients are being seen by primary providers instead
of specialists is not because of a difference in cover-
age.

DISCUSSION

Utilizing the enterprise-scale clinical informat-
ics tool i2b2, this study is the first of its kind to
directly assess racial differences in the evaluation and
treatment of patients with AD/MCI across an entire
medical system. Although African Americans with
AD/MCI were not underrepresented overall across
the medical system, there were differences in the
outpatient setting where they were treated. Specifi-
cally, African Americans were more likely to be seen
in primary care settings such as Primary Medicine
or Geriatrics and less likely to be seen in the Mem-
ory Disorders specialty or Other Neurology clinics,
where providers ordered more AD-related PET imag-
ing and medications. While there were no racial
differences within any of the clinics in terms of imag-
ing or medication orders, when looking across the
entire medical enterprise, African Americans were
less likely to have AD-related PET imaging or to be
on FDA-approved AD medications.

An initial question was whether African Ameri-
cans were underrepresented at this academic medical
center in general relative to the surrounding Birm-
ingham Metropolitan area. The proportion of unique
patients with in-person visits to the UAB Medicine
system who identified as African American (27.5%)
was not different from the proportion of African
Americans in the Birmingham metropolitan area
(27.7%) [37]. We next looked specifically at those
seen for AD or MCI, comparing to the proportion
of African Americans in the metropolitan area age
65 and older (21.4%) since these are age-associated
diagnoses. For both AD and MCI, the proportion
of patients who were African American (24.0% and
23.8%, respectively) was actually somewhat higher
than that of the metro population (Table 1) while
there was no difference for AD or MCI outpatients
(20.7% and 20.1%, respectively). This indicates that
African Americans with AD and MCI are not under-
represented in this academic medical system and this

was not an apparent element in the observed racial
differences.

It is also important to note that the driving fac-
tor for the differences in PET neuroimaging and
AD medication usage was not any discrepancy in
provider treatment between African Americans and
non-Hispanic whites, as there were no racial differ-
ences within any of the clinic settings examined.
Rather, the enterprise-wide differences in imag-
ing and medication use may at least in part be a
consequence of the underrepresentation of African
Americans seen in the Memory Disorders specialty
clinic where these orders were more common. As the
largest medical provider in Alabama and one of the
most expansive in the Deep South, UAB has numer-
ous clinics serving AD patients [38]. However, not
all clinics provide the same types of care. AD-related
PET imaging often requires an order from a mem-
ory disorders specialist, unlike more widely utilized
imaging evaluations such as brain MRI; in addition,
there are limitations for reimbursement by CMS and
private insurers, particularly for amyloid-PET [3].
Furthermore, prior research has shown that FDA-
approved AD medication use is much more likely
when patients are seen by memory care specialists
instead of primary providers alone [39, 40]. These
same clinic-based patterns were observed here as well
regardless of racial background: the Memory Disor-
ders clinic ordered all of the amyloid-PET and nearly
all AD FDG-PET imaging, and had a higher likeli-
hood of using an FDA-approved medication when
compared to the other outpatient settings includ-
ing Other Neurology clinics, Primary Medicine, and
Geriatrics clinics. Underrepresentation within the
specialty clinics where these orders are more com-
mon is likely a factor in the lower rate of PET imaging
and AD medication use among African Americans.

Other observations further reinforced the role of
underrepresentation as opposed to racial differences
in orders within any of the four clinics. Neither the
Geriatrics nor Primary Medicine clinics had a sta-
tistical difference between the proportion of African
Americans patients being seen for AD/MCI and those
patients who received a brain MRI and, in fact,
African Americans were more likely to receive a
brain MRI when seen exclusively by Other Neurol-
ogy providers. In addition, although patients seen
at the other outpatient settings were less apt to be
using FDA-approved AD medications overall, within
each clinic African American AD/MCI patients were
equally likely to be using these treatments, with the
unique exception of memantine which was likely
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related to differences in the prevalence of moderate
to severe AD, the indication for memantine. Still,
when all the evaluated clinics across the medical
system were considered jointly, racial underrepre-
sentation for medication use became statistically
manifest. Thus, one possibility is that African Ameri-
can underrepresentation in the specialty clinics where
these medications are more commonly ordered leads
to an enterprise-wide difference. This difference in
medical visits to specialists has been previously
considered such as when ethnic differences in acetyl-
cholinesterase inhibitor use for AD were observed in
California AD Research Centers [41]. Another pos-
sibility noted in prior studies of racial differences in
anti-dementia medication use is that African Amer-
icans initiated medication use at a similar rate to
Non-Hispanic whites but were more likely to discon-
tinue use within the first year, for reasons that require
further study to determine [9].

An important question to arise from this study is
why African American patients are more likely to
receive treatment for AD and MCI from primary
care providers than from memory disorders or other
neurological specialists. Over the three-year win-
dow, over twice as many African Americans seen
for AD/MCI had encounters in the Geriatrics and
Primary Medicine clinics than in the Memory Dis-
orders specialty clinic (345 primary care versus 151
specialty care). Although the current analysis using
i2b2 cannot determine the cause of this underrepre-
sentation, it can give some insight. Health insurance
was not the driving force, as there were no racial
differences in coverage rates for any of the clinical
settings. Over 90% of all African American AD/MCI
patients had some sort of insurance coverage pay for
their encounters regardless of the department which
was not statistically different from the proportion
of non-Hispanic whites with coverage. Therefore,
the motivation for this racial underrepresentation
within the specialty settings did not appear to be cov-
erage discrepancies. Furthermore, the fact that we
found no racial differences in how individual clinics
ordered imaging (Table 3) or medications (Table 4)
for AD/MCI would seem to make it unlikely that
there are systematic racial differences in patterns of
specialist encounters or referrals.

Prior research has identified several factors that
could lead to African American underrepresentation
in specialist clinics. First, the stage of disease at which
patients first present for care may be a factor. There
is evidence that African Americans are more likely
to present in later stages of AD [18, 42, 43]. Primary

care clinics may be comfortable in diagnosing and
treating AD at these later stages, when the diagno-
sis is clear, but more likely to refer to a specialist
at earlier stages when the classic picture is not fully
manifest and a thorough evaluation is desired [39,
44]. Second, patient preference could be a factor, as
there are recognized social and cultural differences
that affect perception of AD and the types of health-
care service sought to treat it [3, 45, 46]. Cultural
competency, a historic desire for community-based
support, and concerns of medical trust and familiarity
may lead African American patients to seek services
from well-known and established sources with whom
they already have an recognized relationship, directly
influencing health outcomes [12, 47–49]. Third, less
awareness or information could prevent patients from
being cognizant of available resources provided even
within the same health system [6, 9, 50]. Finally,
African American patients may seek dementia treat-
ment for alternative reasons, for example, with an
emphasis on support for caregivers, including both
social support and formal services, rather than direct
treatment provided to the patients [49, 51, 52]. Pri-
mary care settings such as Geriatrics are often well
suited for these goals and can address the primary
concerns and needs of the patients and their families.

There are limitations to the current analysis.
Although i2b2 is a powerful tool for cohort detec-
tion, it is limited to the information contained within
the medical record system of the host institution.
This limits its ability to further refine searches for
more detailed clinical information such as cogni-
tive assessments or other measures if those are not
searchable within the system. Such data could be
a valuable resource to stratify patients to better
identify differences in the disease evaluation and ser-
vice care provided by the various clinics treating
AD/MCI patients. Similarly, studies such as this are
restricted by the amount of information i2b2 returns.
This analysis was based on patient counts stratified
by demographic and clinical data, but individual-
level patient data was not available such that more
refined and informative multivariate methods were
infeasible. By extension, the intersection of treat-
ing department alongside imaging or medication use
under the i2b2 implementation used in this study does
not allow for identification of which providers gave
the orders for treatment or evaluation. However, the
fact that we limited the primary care group to patients
who were not seen later by the Memory Disorders
clinic strongly implies their dementia care orders
came from primary providers. Finally, precise doc-
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umentation of encounters with respect to diagnoses
and treating clinic could also lead to some sensitiv-
ity issues when using i2b2. As mentioned, excluding
patients who were referred to Memory Disorders but
were given a more refined diagnosis other than AD
or MCI would not be included in the patient counts
for non-specialist settings. However, these patients
would also be less apt to receive orders specific to
AD/MCI. In addition, a setting issue which could
arise may identify AD patients who are seen by
the Memory Disorders clinic but are listed as being
treated by the general Neurology department. How-
ever, this possibility was addressed by expanding the
search across all Neurology divisions. These results
indicated there was still a reduction in the expected
proportion of African Americans with AD/MCI being
seen and issues with the medical record system can-
not solely explain this persistent underrepresentation
at specialist clinics. However, it is also important to
cite the benefits of using the i2b2 system for this
kind of study. Most notably, i2b2 queries incorpo-
rate data from all patient encounters in the medical
system instead of a small sampling. This allows for a
comprehensive evaluation of patterns of evaluation,
treatment and payment taken directly from encounter
records making this a powerful investigational tool.

These limitations are also opportunities for sev-
eral potential avenues for future studies. Increased
levels of access to these enterprise-level tools would
be especially valuable, allowing for more detailed
models which could better inform the racial differ-
ences we have currently observed. In addition to
the clear benefit of patient clinical and demographic
data at the individual level, there would also be
the prospect of evaluating specific patient-provider
associations which may inform certain aspects of
treatment-seeking behavior. Inclusion of neuroimag-
ing obtained for research instead of clinical care
may also further refine rate estimates although cur-
sory examination within the Memory Disorders clinic
indicated similar proportions of African American
and non-Hispanic whites. Finally, there has been
expansion of telemedicine during the COVID-19
pandemic, including the specialty clinics, which is
tracked in i2b2. It will be intriguing to see if the rural
populations more prevalent in the Deep South are
more likely to use such services and how this inter-
sects with the racial background of AD/MCI patients.

AD is a pressing health concern nationwide as
indicated by the ever-increasing prevalence, med-
ical and financial resources spent, and dedicated
research funding. Eliminating racial disparities in AD

is important and identifying different aspects of these
disparities is a critical step toward achieving this
goal.
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