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Abstract
We obtained brain MRIs, plasma homocysteine levels and apolipoprotein E genotyping for 11
American Indian Alzheimer disease (AD) subjects and 10 Indian controls. We calculated white matter
hyperintensity volume (WMHV), whole brain volume (WBV), and ratio of white matter
hyperintensity volume to whole brain volume (WMHV/WBV). There were no significant differences
between AD subjects and controls in gender, history of hypertension, diabetes, or history of high
cholesterol, but hypertension and diabetes were more common among AD subjects. There was no
difference between AD and control groups in age (range for all subjects was 61–89 years), % Indian
heritage, waist size or body mass index. Median Indian heritage was 50% or greater in both groups.
Range of education was 5–13 years in the AD group and 12–16 years in controls. Median plasma
homocysteine concentration was higher in AD subjects (11 μmol/L vs. 9.8 μmol/L), but did not
achieve statistical significance. Significantly more AD subjects had apolipoprotein Eε4 alleles than
did controls (63% vs.10%). Neuroimaging findings were not significantly different between the 2
groups, but AD subjects had greater WMHV (median 15.64 vs. 5.52 cc) and greater WMHV/WBV
ratio (median 1.63 vs. 0.65 %) and a far greater range of WMHV. In combined AD subjects and
controls, WBV correlated with BMI and age. WMHV and WMHV/WBV correlated inversely with
MMSE scores (p = 0.001, 0.002, respectively). In addition, WMHV correlated positively with %
Indian heritage (p = 0.047).
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INTRODUCTION
The findings of many investigators suggest that cerebral vascular pathology may synergize
with Alzheimer disease (AD) pathology, leading to earlier onset of clinical dementia symptoms
and more severe dementia than would have been produced by the AD pathology alone. For
example, [1] found that among 61 prospectively followed persons with autopsy confirmed AD,
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individuals with brain infarcts had poorer cognitive function and a higher prevalence of
dementia than those without infarcts. In a comparison of 72 subjects with autopsy proven AD
with 32 subjects who evidenced AD pathology and cerebral infarcts or lacunes, the subjects
with vascular lesions had more severe dementia despite essentially no difference in
semiquantitative measures of plaques and tangles [2,3] found that persons diagnosed clinically
with AD who also met NINDS-AIREN neuroimaging criteria for vascular dementia [4] had
more rapid clinical progression than did subjects diagnosed with AD alone.

There is also evidence that lesser degrees of vascular pathology may also be important. In a
histological examination of 7 brains following postmortem MRI, subcortical WMH were
associated with arteriosclerosis, dilated perivascular spaces and vascular ectasia with
occasional gliosis and small areas of infarction [5]. A pathological study of WMH in 11 elderly
subjects suggested that punctate, early confluent and confluent WMH reflected ischemic
damage ranging from mild perivascular alterations to large areas with variable loss of fibers,
multiple small cavitations and marked arteriolosclerosis and that irregular periventricular
WMH were characterized by microcystic infarcts and patchy myelin rarefication. Hyperintense
periventricular caps and a smooth halo were areas of demyelination with subependymal gliosis
and breaks in the ependymal lining [6]. Other pathological studies confirm the association of
WMH with cerebrovascular disease but also find WMH attributable to non-vascular causes
[7,8].

Clinical evidence for a vascular origin of WMH includes a population-based study of 111
subjects ranging in age from 65–84 years in which the prevalence and severity of lesions
increased with age and were associated independently with a history of stroke or myocardial
infarction, factor VIIc activity and fibrinogen level. There was an association with hypertension
and high cholesterol only in subjects from 65–74 years of age [9]. In a random sample of 1077
community-dwelling persons between 60–90 years of age, the prevalence and degree of WMH
increased with age, and to a higher degree in women than in men [10,11] found that age-
adjusted WMH load in subjects 55–72 years of age was significantly higher in persons
diagnosed clinically as vascular dementia than in persons diagnosed clinically as cognitively
normal, mild cognitive impairment, or AD. In another study showing an association between
hypertension and WMH, there was reduced risk of progression following successful reduction
of blood pressure [12]. There is also evidence that elevated plasma homocysteine levels may
be related to vascular disease [13], cognitive impairment [14], and volume of WMH [15].

In sum, the evidence from pathological and clinical studies suggests that WMH are at least
partially due to the effects of cerebrovascular disease and aging [15], and may be increased by
elevated homocysteine level, as indicated in Fig. (1).

In a small study of American Indians, we found an association between diabetes and
hypertension and the clinical diagnosis of probable AD [17]. The present report compares
findings in American Indians with a diagnosis of probable AD with age-matched, cognitively
intact American Indians and assesses the relationship of plasma homocysteine to WMH volume
(WMHV), whole brain volume (WBV), and WMHV/WBV and the frequency of the
apolipoprotein E4 allele in both groups.

METHODS
The Alzheimer’s Disease Center at the University of Texas Southwestern Medical Center has
since 1991 maintained an American Indian Satellite, presently at the Choctaw Nation
Healthcare Center, located in Talihina, Oklahoma and its outlying clinics. The mandate of this
satellite is to provide clinical care to American Indians and to perform clinical research. The
Choctaw Nation in Oklahoma consists of approximately 60,000 persons scattered over 10 ½
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counties (15,000 square miles) in rural southeastern Oklahoma. The population density in this
part of the state is approximately 20–30/sq.mi [18].

Subjects
Subjects were community-dwelling Indians with AD and age-matched Indian controls living
in southeastern Oklahoma who were willing to undergo non-contrast MRI study at a private
open MRI facility in Fort Smith, Arkansas. Controls signed informed consent for themselves;
AD subjects and their legal representatives both signed informed consents using forms
approved by the Choctaw Nation IRB and the UT Southwestern Medical Center IRB. Each
subject was given a $50 Wal-Mart gift certificate for participation; cost of transportation
provided by the MRI facility was paid by the investigators. Subject identifiers were kept in a
locked file in the office of M.W.

Diagnosis
Subjects with AD were diagnosed by experienced neurologists (R.N.R., K.B.W.) and geriatric
psychiatrists (M.F.W.) by [19] criteria. Control subjects were individuals recruited at health
fairs or from among spouses of AD subjects. Controls had no memory complaints, intact
memory as judged by an informant, and Mini-mental State Examination (MMSE [20] scores
within normal limits for age and education [21]. History of diabetes, hypertension, myocardial
infarction, stroke, high cholesterol (or current use of lipid-lowering drug) was obtained in
addition to measurement of height, weight, waist, and plasma homocysteine concentration.

MRI Methods
MRIs were performed on a Hitachi AIRIS II® 0.3 Tesla open MRI scanner. FLAIR images
(7000/2200/130 [repetition time/inversion time/echo time]) were acquired in the axial plane
with 5-mm slice thickness and interslice gap of 0.5 mm. The field of view (FOV) was 220 mm,
and matrix size was 128 ×128. FLAIR sequence allows better differentiation of brain lesions
by suppressing the effect of cerebro-spinal fluid, which appears as high-intensity signal in
conventional T2-weighted images.

Image Processing and Lesion Measurement
Images were converted from DICOM to ANALYZE format and were then analyzed by a semi-
automatic software tool developed on MATLAB (Math Works, Inc., Natick MA) as described
in [22] to quantify total WMH volume and whole brain volume. Because periventricular WMH
and deep white matter WMH correlate highly with each other (r2 > 0.87) and with total WMH
(r2 > 0.95) [23], we calculated total WMH volume instead of quantifying periventricular WMH
and deep WMH separately. Two raters were trained in this method and an interrater reliability
analysis was conducted on MRIs from an independent sample of nine subjects with diffuse
axonal injury; intraclass correlation coefficients were 0.982, 0.954, and 0.981 for WMHV,
WBV, and WMHV/WBV. The two raters, who were blinded to subject diagnosis, followed
the protocol to obtain volume of WMH, WBV, and WMH/WBV ratio in the Indian AD subjects
and controls.

Homocysteine Methods
Blood for plasma homocysteine determination was collected in EDTA tubes and immediately
placed on ice. It was centrifuged cold within 2 hours at the Clinical Laboratory of the Choctaw
Nation Healthcare Center in Talihina, Oklahoma. Plasma was shipped in refrigerated transport
tubes to a commercial laboratory (LabCorp) at which the first samples were analyzed using an
HPLC method with fluorescence detection [24]. Subsequent samples were sent by Lab-Corp
to Cambridge Biomedical Research Group where homocysteine concentration was determined
by a competitive immunoassay technique [25] using a Siemens DPC immuno-assay kit with

Weiner et al. Page 3

Curr Alzheimer Res. Author manuscript; available in PMC 2009 September 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



an analytic sensitivity of 0.5 μmol/L. Comparison of this method with an HPLC method
revealed comparable values (r = 0.925; mean = 13.4 μmol/L for the immunoassay vs. 13.2
μmol/L for HPLC vs. 13.4 μmol/L for the immunoassay) [26]. We repeated homocysteine
determinations for 15 subjects and found equally acceptable agreement between values for the
2 methods (r = .915; mean = 13.84 μmol/L for HPLC and 13.17 μmol/L for the immunoassay).
We therefore used the results of these assays interchangeably.

Genotyping Method
Single drops of blood were placed on FTA® Microcards (Whatman International). DNA was
later extracted in the UT Southwestern Molecular Diagnostics Laboratory using a QIAmp DNA
Mini Kit (Quiagen). Exon 4 of the ApoE gene was amplified by PCR in a DNA Thermal Cycler
using primers: sense 5′-GAGACCATGAAGGAGTTGAAGGCC-3′ and antisense 5′-
ACATGGTCCGGCCCCGGGCGCTCCC-3′. In addition to the buffer and nucleotide
components described by the supplier (Invitrogen, Carlsbad, CA), each amplification reaction
contained 100–500ng of genomic DNA, 0.15 ÿM of each primer, 1 U/ÿl of Taq polymerase,
50 uM of dNTP’s, 10% DMSO in a final volume of 40 ÿl. Each reaction mixture was heated
at 95°C for 2 minutes for denaturation, and subjected to 35 cycles of amplification by
denaturation (94°C for 45 seconds), primer annealing (65°C for 45 seconds), extension (72°C
for 80 seconds), and final extension (72°C for 10 minutes). The PCR products (20 μL) were
further treated by adding 1 μL shrimp alkaline phosphatase (1U/μL) (Roche) and 1 μL
exonuclease I (20U/μL) (New England Biolabs), 37°C for 30 minutes, to remove the excessive
primers and nucleotides, and then 95°C for 5 minutes to inactivate the enzymes. Then, 5 μL
of treated PCR products were given to the Sequence Core for sequencing using the sense primer
5′-GAGACCATGAAGGAGTTGA AGGCC-3′. The sequenced result of each sample was
translated to protein sequence using MacVector software and genotyping at the APOE locus
was determined manually with C112/C158 as E2, C/R as E3 and R/R as E4.

Statistical Methods
Interclass Correlation Coefficients (ICC) were used to determine the inter-rater reliability
among the measures (WMHV, WBV, and WMHV/WBV ratio) for the two independent raters.
The mean values for the two raters were used in subsequent analyses. Groups were compared
using Mann-Whitney U tests, categorical measures were compared using Fisher’s Exact tests,
and correlations between continuous measures was performed using Spearman Rank order
correlations. All statistical tests were performed using SPSS for Windows V15.0 and p < 0.05
was considered significant.

RESULTS
Data were available for 11 AD subjects and 10 controls. As indicated in Table 1, there were
no significant differences between AD subjects and controls in gender, history of hypertension,
diabetes, or high cholesterol. No subject reported having had a myocardial infarction or stroke.
Table 2 indicates no difference between AD control groups in age, % Indian heritage, waist
size or BMI. Despite lack of statistical significance, education was lower in the AD group and
homocysteine values were higher. Apolipoprotein E genotyping was available for 8 AD
subjects and 10 controls. There were 5 AD subjects (63%) with an apolipoprotein ε4 (apoE4)
allele and 1 control (10%) (Fisher’s Exact 2-sided p = 0.043), in line with findings from other
groups of late-onset AD [27]. There was no significant relationship between the presence of
an ApoEε4 allele and Indian heritage in the AD group or in the combined AD and control
groups (p = 0.5466). There were no significant differences in neuroimaging findings between
the 2 groups, but AD subjects clearly had greater volume of WMH (median 15.64 vs. 5.52 cc)
and greater WMHV/WBV ratio (median 1.63 vs. 0.65 %) and a far greater range of WMHV
(See Table 3). While women had significantly higher WMHV and WMHV/WBV ratios than
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men (p = 0.003 for both), the presence or absence of hypertension, diabetes or depressions
were not significantly different (see Tables 4 and 5). When the 2 groups were combined, WBV
correlated with BMI (r = 0.54, p = 0.015) and age (r = −0.60, p = 0.005). Percentage of Indian
heritage was positively correlated with WMHV (r = 0.56, p = 0.011 and education was inversely
correlated with WMVH/WBV (r = −0.47, p = 0.035). Both WMHV and WMHV/WBV
correlated inversely with MMSE scores (r = −0.69, p = 0.001; r = −0.64, p = 0.004,
respectively), supporting the impact of WMH on cognition.

Fig. (1) illustrates the difference between AD subjects and controls in WMHV and WMHV/
WBV. MRIs were selected from the median AD subject and the median control subject in terms
of WMHV. The AD subject (Figs. 2A and 2B) had much smaller WBV than the control subject
(Figures 2C and 2D) as shown by the degree of gyral atrophy and increase in ventricular
volume, greater absolute WMHV and greater WMHV/WBV ratio.

DISCUSSION
The correlation of WBV with BMI was expected, as brain weight varies with body height and
weight. [28] The correlation of WMHV and WMHV/WBV ratio with increasing age is also in
agreement with other studies [29]. The inverse relationship between MMSE score and WMHV
and WMHV/WBV ratio also agrees with previous findings concerning the impact of WMH
on cognition [30] and supports that notion that WMH partially reflect vascular brain disease
[6]. The significant relationship between WMHV and WMHV/WBV and Indian heritage fits
with the increase of hypertension and diabetes with greater Indian heritage; however the
significantly greater WMHV and WMHV/WBV ratio in women appeared to differ from earlier
findings. For example, [31], in a study of 243 healthy subjects ranging from 16–64 years of
age, found no gender difference in WMH, nor did [32] in a study of 477 healthy subjects aged
60–64 years. A study by [33] found in elders that deep WMH volume increased twice as rapidly
in women than men, but not progression of periventricular WMH. Thus, it is possible that
Indian women may be more susceptible to the brain effects of cardiovascular comorbidities
and risk factors, or may have more risk factors. In our sample, 7/10 women had a history of
diabetes as compared with 3/10 men. We found no evidence of an association of inheritance
of apoE4 alleles and degree of Indian heritage.

An important confound in studies of relationship of ethnicity to biological measures is the
inexactness of ethnicity, which is usually based on self designation rather than an objective
criterion. American Indians have the advantage of a semi-objective measure, the Certificate of
Degree of American Indian Blood (CDIB), which certifies that an individual has a specific
percentage of Indian blood of a federally recognized tribe or tribes [34]. CDIB validity is
supported by ascertainment of the au H2 genotype, found only in populations with European
ancestry [35] showed 29% History of tau H2 frequency in Caucasians, 28% in persons claiming
< 50% Indian heritage, and only 8% in those claiming > 50% Indian heritage. In this series,
subjects averaged 50% or more Indian heritage.

The generalizability of our findings is limited because of the small number of subjects, and
sample bias due to the non-randomness of subject selection, which was based on the willingness
of subjects to undergo MRI study and be transported approximately 60 miles to the MRI
facility. It is nevertheless a first look at aspects of an understudied population. We are
completing a study of plasma homocysteine and apoE genotype in a larger sample.
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Fig. 1.
Possible Relationship of Risk Factors to White Matter Hyperintensities, Neuronal
Vulnerability, and Dementia.
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Fig. 2.
Comparison of Median AD Subject with Median Control Subject.
2A. AD subject at level of head of caudate.
2B. AD subject at level of lateral ventricles.
2C. Control subject at level of head of caudate.
2D. Control subject at level of lateral ventricles.
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Table 1
Gender and Medical History Characteristics of American Indian AD Subjects and Controls*

Variable AD N (%) Control N (%) Total N (%) Fisher’s Exact Test p-value

Female 8 (72.7) 7 (70.0) 15 (71.4) >0.999

Hypertension 10 (90.9) 8 (80.0) 18 (85.7) 0.586

Diabetes 6 (54.5) 4 (40.0) 10 (47.6) 0.670

High cholesterol or hypolipidemic agent 3 (27.3) 6 (60.0) 9 (42.9) 0.198
*
N and (%) are provided in this table.
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