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Abstract

Background and Purpose—Mild cognitive impairment (MCI) precedes both Alzheimer's
disease (AD) dementia and with Lewy bodies (DLB). We investigated proton magnetic resonance
spectroscopy (MRS) characteristics of MCI patients who progressed to DLB compared to those
who progressed to AD dementia or remained stable.

Methods—Consecutive MCI patients who underwent single voxel MRS at baseline and
progressed to DLB (n=10) were identified during a median follow-up period of 18 months. From
the same cohort, we identified age- and sex-matched MCI patients who progressed to AD
dementia (n=27) or remained stable (n=20) during a similar follow-up period. This study was
approved by the Institutional Review Board and informed consent was from every subject.

Results—MCI patients who progressed to AD dementia were characterized by lower N-
acetylaspartate (NAA)/Cr ratio in the posterior cingulate voxel compared to those who progressed
to DLB (p=0.001). Decreased NAA/Cr in the posterior cingulate voxel differentiated MCI patients
who progressed to DLB from those who progressed to AD with an area under the receiver
operating characteristic curve of 0.85 (p<0.001) on logistic regression analysis.

Conclusions—MRS may be useful in differentiating MCI patients with prodromal AD dementia
from those with prodromal DLB for early disease-specific interventions.
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Introduction

Alzheimer's disease (AD) is the most common pathology underlying mild cognitive
impairment (MCI)[1-4], but dementia with Lewy bodies (DLB)[5, 6] may also contribute to
MCI in older adults[7]. There is increasing interest in identifying MCI patients with a high
risk of progression to DLB and differentiating them from those at a greater risk for AD
dementia in order to potentially treat or delay disease progression at the prodromal stages[5,
8-11]. Because of the heterogeneous pathologies underlying MCI, markers of neuronal
integrity on proton magnetic resonance spectroscopy (MRS) may help to distinguish patients
with MCI who progress to DLB or AD dementia[12].

MRS is a non-invasive technique for detecting brain biochemical changes associated with
neurodegenerative diseases[12]. Lower levels of neuronal integrity marker N-acetylaspartate
(NAA) to creatine (Cr) ratio in the posterior cingulate gyrus on MRS is associated with a
higher risk of progression to AD dementia in patients with MCI[13]. However, it is not
known whether this pattern of biochemical alterations is also evident in those with MCI who
progress to DLB. DLB is characterized by occipital hypometabolism on 18F-fluoro-deoxy
glucose positron emission tomography (FDG PET), which is not present in those with AD
dementia[14]. We hypothesized that posterior cingulate gyrus and medial occipital lobe
MRS metabolites might be useful in distinguishing patients with MCI who progress to AD
dementia or DLB or remain MCI during follow-up. Furthermore, we hypothesized that the
superior frontal gyrus MRS metabolites would be similar across MCI patients who progress
to AD dementia or DLB or remain MCI during follow-up because superior frontal gyrus is
not typically involved with AD and DLB in the early stages of the disease process.

Our objective in this study was to compare regional single-voxel MRS metabolite ratios in
the posterior cingulated gyrus, superior frontal and medial occipital lobes in patients with
MCI who progressed to AD dementia, DLB or were stable during an average follow-up
period of 18 months.

Material and Methods

Patients

Patients with MCI were from two cohorts: 1) Mayo Clinic Alzheimer Disease Research
Center (ADRC) which is a prospectively followed sample of patients with MCI or dementia;
2) Mayo Clinic Study of Aging, which is a prospective, population-based cohort of older
adults without dementia in Olmsted County, Minnesota. We identified consecutive patients
with MCI who underwent single voxel MRS studies at baseline from August 2005 through
December 2011 and were subsequently diagnosed with probable DLB (n=10) after an
average follow-up of 18 (range=12 to 32) months. From the same cohort, we also identified
patients with MCI who underwent MRS studies at baseline and were diagnosed with AD
dementia (n=27) or remained as MCI (stable MCI; n=20) during a similar follow-up period,
and frequency matched on age, sex and education to patients with MCI who progressed to
DLB. This study was approved by the Mayo Clinic Institutional Review Board, and
informed consent for participation was obtained from every subject.
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Diagnosis at the time of the MRS exams and at follow-up was made according to the
established clinical criteria during a consensus conference involving neurologists,
neuropsychologists, and nurses who evaluated the patients. The operational definition of
MCI was based on criteria by Petersen et al[15] for the broad definition of MCI: cognitive
complaint, cognitive function not normal for age, decline in cognition, essentially normal
functional activities, and no dementia. Patients with MCI who were diagnosed as probable
DLB at follow-up met the third Report of the DLB Consortium criteria[16], and those who
were diagnosed as probable AD at follow-up met the National Institute of Neurological and
Communicative Disorders and Stroke and the AD and Related Disorders Association
(NINCDS-ADRDA) criteria[17]. Severity of parkinsonism was rated with the Unified
Parkinson's Disease Rating Scale (UPDRS)[18, 19]. Patients with probable rapid eye
movement sleep behavior disorder (bRBD) met the International Classification of Sleep
Disorders-11 diagnostic criteria B for pRBD[20]. All subjects underwent clinical evaluation
and MRS studies within a five month period.

Patients underwent single voxel MRS studies on a 1.5-T scanner (GE Healthcare). A 3D
high resolution magnetization prepared rapid gradient echo (MPRAGE) acquisition with
TRI/TE/TI = 7/3/900 ms; flip angle, 8 degrees; in-plane resolution of 1.0 mm, and a slice
thickness of 1.2 mm was performed for MRS voxel placements.

MRS studies were performed with an automated single-voxel MRS package (PROBE/SV).
The prescan algorithm of PROBE automatically adjusted the transmitter and receiver gains
and the center frequency. The local magnetic field homogeneity was optimized with the
three-plane auto-shim procedure, and the flip angle of the third water suppression pulse was
adjusted for chemical shift water suppression prior to MRS acquisition. Point-resolved
spectroscopy (PRESS) pulse sequence (repetition time, 2000 milliseconds; echo time, 30
milliseconds; 2048 data points; 128 excitations) was used for the examinations. Three
8cm3(2x2x2cm3) voxels were localized on the mid-sagittal T1-weighted image: 1) Posterior
cingulate voxel included right and left posterior cingulate gyri and inferior precunei; 2)
Frontal lobe voxel included the right and left medial superior frontal gyri; 3) Occipital lobe
voxel included right and left medial occipital lobes (Figure 1).

A radiologist (B.Z.) blinded to all clinical information performed quality control on the
spectra and assessed the metabolite intensity ratios, which were automatically calculated at
the end of each PROBE/SV acquisition using Cr as an internal reference metabolite. The
metabolite ratios analyzed from posterior cingulate, occipital and frontal lobe voxels
included NAA/Cr, Choline (Cho)/Cr and myoinositol (m1)/Cr ratios.

Statistical Analyses

Kruskal-Wallis and Chi-square tests were used to compare demographic variables, clinical
characteristics such as the short test of mental status, Clinical Dementia Rating (CDR) sum
of Boxes, Mini-Mental State Examination (MMSE), UPDRS, pRBD and follow-up time
among the MCI patients who progressed to DLB, AD dementia, or were stable. Median
(interquartile range) was reported for the MRS metabolite ratios and compared among MCI
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patients who progressed to DLB, AD dementia, or were stable using Wilcoxon rank-sum
tests.

Receiver operator curves (ROC) were constructed using JMP9.0.0 (SAS Institute Inc., Cary,
NC) for the significantly different MRS metabolite ratios in differentiating clinical groups.
Accuracy of discrimination was based on the area under the ROC curve from logistic
regression modeling.

Patient Characteristics

Demographic and clinical characteristics of patients are presented in Table 1. Patients with
MCI who progressed to DLB, AD dementia or were stable did not differ significantly on
age, sex, and follow-up time. Education and cognitive function as indicated by Short Test of
Mental Status, MMSE and CDR sum of boxes scores did not differ across the MCI groups at
baseline. UPDRS differed significantly across MCI groups and the patients with MCI who
progressed to DLB. (p<0.001).

MRS Findings

At baseline, patients with MCI who progressed to AD dementia were characterized by lower
NAA/Cr ratio in the posterior cingulate voxel compared to MCI patients who progressed to
DLB (p=0.001) (Figure 2). For an alpha of 0.05 and 80% power, NAA/Cr difference of at
least 0.09 was was detectable when comparing MCI/AD and MCI/DLB. An NAA/Cr
difference of 0.11 between these groups in the current study gave us 90% power at an alpha
level of 0.05. There was a trend for lower NAA/Cr levels in patients with MCI who
progressed to AD dementia compared to the stable MCI group (p=0.07) in the posterior
cingulate voxel. No NAA/Cr differences were identified in occipital and frontal lobe voxels
among the entire group of patients with MCI who progressed to DLB, AD dementia or were
stable.

MRS metabolite ratios in clinical groups are summarized in Table 2. No differences in
Cho/Cr levels of occipital and posterior cingulate voxel were identified among the clinical
groups. There was a trend for higher Cho/Cr in the frontal lobe voxel in those with MCI who
progressed to DLB compared to patients with MCI who progressed to AD dementia or were
stable, but this did not reach statistical significance (p=0.08). We did not find differences in
ml/Cr ratios across the clinical groups.

Receiver Operating Characteristic (ROC) Analysis

Among metabolite ratios from three regions, only NAA/Cr ratio in the posterior cingulate
voxel distinguished patients with MCI who progressed to AD dementia from those who
progressed to DLB. We investigated accuracy of the baseline NAA/Cr in distinguishing
these patients with MCI using ROC analysis. Decreased NAA/Cr levels in the posterior
cingulate voxel differentiated MCI patients who progressed to DLB from those who
progressed to AD dementia with an area under the ROC curve of 0.85 (p<0.001) on logistic
regression analysis as displayed in Table 3 and Figure 3.
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Discussion

Findings of this study indicate that higher neuronal integrity marker NAA/Cr[21] in the
posterior cingulate gyrus distinguishes patients with MCI who progress to DLB from those
who progress to AD dementia within an average period of 18 months. However, we did not
find statistically significant differences in metabolite ratios from the occipital and frontal
lobe voxels when comparing MCI patients who progressed to DLB, AD dementia or were
stable.

Our findings are consistent with prior studies showing that patients with DLB are
characterized by higher NAA/Cr levels in the posterior cingulate gyrus compared to patients
with AD dementia[22]. Preserved NAA/Cr in patients with DLB[22] and in patients with
MCI who progress to DLB within 18 months, is consistent with the finding of preserved
cortical neuronal density in patients with DLB at autopsy[23, 24]. In contrast, AD dementia
is characterized by neurofibrillary tangle pathology and neurodegeneration in the posterior
cingulate gyrus early in the disease course[25]. Therefore, our current finding of lower
NAA/Cr levels in patients with MCI who progressed to AD dementia compared to those
who progressed to DLB is an indicator of early neurodegeneration in the posterior cingulate
gyri of patients with prodromal AD dementia but not of patients with prodromal DLB.

Patients with MCI who progress to DLB may have a variety of cognitive domain-specific
impairment pattern or MCI subtype, with the attention/executive and visuospatial domains
most frequently impaired [26, 27]. Therefore, we did not separate patients with MCI into
amnestic and non-amnestic subtypes due to the small sample size of MCI patients who
progressed to DLB. However, our findings are in line with a previous report that decreased
NAA/Cr ratio in the posterior cingulate gyri differentiates amnestic MCI who progress to
AD dementia from those who progress to other dementias[28].

DLB is characterized by relatively preserved posterior cingulate gyrus metabolism on FDG
PET, which can be visualized on FDG PET images as the “cingulate island sign”[29]. The
relative preservation of posterior cingulate cortex metabolism in DLB has also shown high
diagnostic accuracy when differentiating patients with DLB from those with AD dementia
with a specificity of near 100% and sensitivity of 62-82%[29]. Although FDG PET findings
in MCI patients who progress to DLB are unknown at this time, posterior cingulate
hypometabolism is typically present in early AD dementia[30], amnestic MCI[31, 32] and
APOE &4 positive individuals who are at a higher risk for AD dementia[33]. Preserved
posterior cingulate gyrus NAA/Cr ratio in patients with MCI who progressed to DLB in the
current study is consistent with the relative integrity of posterior cingulate gyrus metabolism
observed on FDG PET studies in patients with DLB [29].

We did not observe differences in Cho/Cr or in mI/Cr ratios among the MCI groups. The
presence of a trend of higher frontal Cho/Cr levels in MCI patients who progressed to DLB
compared to those who progressed to AD dementia raises the possibility of limited power in
the current study. Further investigation with a sample that is larger and followed for a longer
period of time may help to clarify whether this trend has any relevance. Elevated ml/Cr ratio
is associated with f-amyloid load on PET in cognitively normal elderly[34], and is typically
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elevated in MCI and AD dementia[35]. Although higher mI/Cr ratio in the posterior
cingulate voxel increases the risk of MCI in cognitively normal elderly[36], higher mI/Cr
ratio is not associated with the risk of dementia in patients with MCI[37]. Patients with DLB
also have elevated mI/Cr ratio in the posterior cingulate voxel likely due to higher f-amyloid
load in patients with DLB compared to cognitively normal older adults[38, 39]. Thus,
finding similar mI/Cr ratios in patients with MCI who progressed to AD dementia, DLB or
were stable may be expected. Because 3-amyloid load on PET tends to plateau once it
reaches a certain threshold[40], it is possible that the mI/Cr ratio that is associated with [3-
amyloid load also plateaus in patients with MCI who progress to dementia[13].

In comparison to AD dementia, individuals with DLB and those with MCI who eventually
develop DLB are disproportionately affected by visual-spatial perceptual impairments and
up to 75% of DLB patients experience visual hallucinations[5],[41, 42]. SPECT and FDG
PET studies have demonstrated occipital visual association area hypoperfusion and
hypometabolism respectively in patients with DLB which distinguishes them from patients
with AD dementia[43, 44]. In the current study, we did not find any metabolite changes in
the occipital voxel in patients with MCI who progressed to DLB compared to those who
progressed to AD dementia. There may be two explanations for this unexpected finding: 1)
Metabolic abnormalities exist in the occipital lobes of patients with prodromal DLB but
MRS at 1.5T scanners with limited metabolite measures is not sensitive enough to these
abnormalities; 2) Metabolic abnormalities in the occipital lobes appear later in the disease
course after patients with MCI progress to DLB[45]. Investigations of FDG PET metabolic
abnormalities in patients with MCI who are at an increased risk for DLB are warranted, to
clarify the temporal course of occipital lobe metabolic changes in DLB.

A limitation of our study is a relatively small sample size with an average of 18 months of
follow-up, which did not allow performing time-to-event analysis. It is likely that some of
the MCI patients classified as MCI stable had prodromal AD dementia or DLB at baseline,
but with an average follow-up of 18 months, we were unable to differentiate these
individuals. Second, diagnosis of DLB and AD were not confirmed at autopsy nor was
amyloid PET imaging available in these subjects. Thus patients with DLB may have had
additional AD pathology that was not manifest clinically. Presence of additional pathologies
may have increased the variability of MRS metabolite ratios and weakened the power of
differentiation of MCI/DLB and MCI/AD groups from MClI-stable using MRS biomarkers.

Current advances in development of disease-modifying treatments for AD, and the
responsiveness to acetylcholinesterase inhibitor treatment and marked neuroleptic sensitivity
of DLB patients generate a need for non-invasive surrogate markers for identification of AD
and DLB pathologies early in the disease course for treatment planning [46]. In a
prospectively followed sample of patients with MCI, NAA/Cr ratio measured with MRS
from the posterior cingulate voxel differentiated patients with MCI who progressed to DLB
from those who progressed to AD dementia. Identifying the pathologic underpinnings of
MRS metabolite changes associated with AD and DLB will be critical for validating MRS
as an early non-invasive imaging marker for differential diagnosis of these dementia
syndromes at the prodromal stage. The value of imaging along with clinical features in
predicting progression to DLB needs further investigation.
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Figure 1. Voxel Locationsfor Proton MR Spectr oscopy
Three 8 cm3 (2x2x2cm3) voxels are localized on mid-sagittal T1-weighted images. A:

Posterior cingulate voxel includes right and left posterior cingulate gyri and inferior
precunei. Anterior inferior corner of the voxel is the anterior border of the splenium of the
corpus callosum. B: Frontal lobe voxel includes the right and left medial superior frontal
gyri. Posterior inferior corner of the voxel is the cingulate sulcus at the level of the anterior
margin of the lateral ventricles. C: Occipital lobe voxel includes right and left medial
occipital lobes. Anterior superior corner of the voxel is the parieto-occipital sulcus.
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Figure 2. MRS findings from the Posterior Cingulate Voxel
Spectra from the posterior cingulate voxel demonstrate decreased NAA in a patient with

MCI who progressed to AD dementia (A) compared with a patient with MCI who
progressed to DLB (B). All spectra are scaled to the height of the reference peak Cr, shown
with a dotted line (A and B). Box plots show the differences in NAA/Cr among MCI
patients who progressed to AD dementia (MCI/AD) (n=27), DLB (MCI/DLB) (n=10) and
remained stable (MCI stable) (n=20), * p value =0.001 (C).
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Figure 3. ROC curvesdiscriminating MCI patientswith posterior cingulate voxel NAA/Cr
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Decreased NAA/Cr levels in the posterior cingulate voxel differentiate MCI patients who

progressed to DLB from those who progressed to AD with an area under the receiver
operating characteristic curve (ROC) of 0.85 on logistic regression analysis (p<0.001).
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Table 1
Patient char acteristics at baseline MRI

MCI/DLB MCI/AD MCI Stable P-value
(n=10) (n=27) (n=20)

Female (%) 1(10.0%) 11(40.7%) 7(35.0%) 0.21
Age at scan, yr. 68.3 (66.4,82.9) 79.9(71.9,84.2) 795(75.9,833)  0.16
Time interval, day 494 (366,867) 494 (438,953) 654(475,962) 0.19
Education, yr. 14 (12, 19) 13 (10, 17) 14 (12, 16) 0.33
Short Test of Mental Status 31 (30, 33) 30 (28, 32) 31 (29, 34) 0.25
CDR Sum of Boxes 2(0.88, 2.5) 1(0.5,1.5) 0.5 (0.5, 1.5) 0.07
MMSE 26 (23, 27) 25 (24, 27) 26 (24, 28) 0.61
UPDRS 8 (6, 11) 0(0,3) 0(0, 5) <0.001

Median (interquartile range) was reported for continuous variables. P-values for group-comparison are from Chi-square and Kruskal-Wallis Tests.
MCI/DLB= Mild cognitive impairment (MCI) patients who progressed to dementia with Lewy bodies (DLB); MCI/AD =MCI patients who
progressed to Alzheimer's disease (AD) dementia; MCI stable = MCI patients who remained MCI during follow up; MMSE: Mini Mental State
Examination; CDR: Clinical Dementia Rating Sum of Boxes; UPDRS: Unified Parkinson's Disease Rating Scale;
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MRS metaboliteratios at baseline in median (interquartile range) in MCI groups

Table 2

Voxel and Metaboliteratio MCI/DLB MCI/AD MCI Stable
(n=10) (n=27) (n=20)
NAA/Cr
Frontal voxel 1.37(1.33,1.43)  1.34(1.28,1.41)  1.37 (1.25,1.49)
Occipital voxel 1.58(1.49,1.73)  1.58(1.49,1.66) 157 (1.49,1.63)
Posterior cingulate voxel ~ 1.53(1.49,1.61) 145 (1.39,1.48)* 1.48(1.41,1.60)
Cho/Cr
Frontal voxel 0.87(0.84,0.96)  0.81(0.77,0.89)  0.81 (0.74,0.95)
Occipital voxel 0.48 (0.46,0.50)  0.47 (0.43,0.52)  0.49 (0.42,0.54)
Posterior cingulate voxel 0.74 (0.63,0.78)  0.72 (0.65,0.75)  0.67 (0.63,0.76)
MI/Cr
Frontal voxel 0.69 (0.65,0.73)  0.72(0.67,0.76)  0.75 (0.66,0.81)
Occipital voxel 0.65(0.58,0.76)  0.61(0.58,0.69)  0.62 (0.60,0.70)
Posterior cingulate voxel 0.71(0.66,0.76)  0.69 (0.66,0.75)  0.73 (0.65,0.79)

*
MCI/AD lower than MCI/DLB p=0.001 on Wilcoxon Rank Sum tests

Page 15

MCI/DLB= Mild cognitive impairment (MCI) patients who progressed to dementia with Lewy bodies (DLB); MCI/AD =MCI patients who

progressed to Alzheimer's disease (AD); MCI stable = MCI patients who remained MCI during follow up.
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Table 3
The ROC analysis between groups by NAA/Cr in PC
NAA/Cr in PC
MCI/DLB#vs. MCI/AD MCI/DLB#vs. MCI stable MCI/AD#vs. MCI stable
AUROC 0.85 0.61 0.66
Specificity 89% 60% 50%
Sensitivity 80% 80% 80%
Cut-off value  1.50 1.50 1.49
P value 0.00° 0.61 0.01"

# o .
positive level in ROC curve;

*
significant different (p < 0.05)

AUROC = area under ROC curve; PC= voxel in Posterior cingulate
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