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Abstract

Magnetic resonance spectroscopy (MRS) characteristics of dementia with Lewy bodies (DLB)

Alzheimer’s disease (AD) and cognitively normal controls (CN) were compared. DLB (n=34), AD
(n=35) and CN (n=148) participated in a MRS study from frontal, posterior cingulate and occipital
voxels. We investigated DLB patients with preserved hippocampal volumes to determine the MRS
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changes in DLB with low probability of overlapping AD pathology. DLB patients were
characterized by decreased NAA/Cr in the occipital voxel. AD patients were characterized by
lower NAA/Cr in the frontal and posterior cingulate voxels. Normal NAA/Cr levels in the frontal
voxel differentiated DLB patients with preserved hippocampal volumes from AD patients. DLB
and AD patients had elevated Cho/Cr and ml/Cr in the posterior cingulate. MRS abnormalities
associated with loss of neuronal integrity localized to the occipital lobes in DLB, and the posterior
cingulate gyri and frontal lobes in AD. This pattern of MRS abnormalities may have a role in
differential diagnosis of DLB and in distinguishing DLB patients with overlapping AD pathology.

Keywords
Dementia with Lewy Bodies; Magnetic resonance spectroscopy; Alzheimer’s disease

1. Introduction

Dementia with Lewy bodies (DLB) is the second most common cause of neurodegenerative
dementia after Alzheimer’s disease (AD).(Zaccali, et al., 2005) Patients with DLB often have
coexisting AD pathology (Galasko, et al., 1994, Gomez-Isla, et al., 1999, Schneider, et al.,
2007). The pathological overlap makes it difficult to identify the specific molecular
pathology in order to collect relatively homogenous groups for clinical trials. Hippocampal
volume on antemortem structural MRI is associated with the presence and severity of
neurofibrillary tangle pathology of AD.(Kantarci, et al., 2012a) in the hippocampus of
patients with DLB(Murray, et al., 2012). However, hippocampal volumes alone are not
adequate as 25% of AD cases have atypical pathologic involvement with 11% being
hippocampal sparing AD.(Murray, et al., 2011) Scintigraphy with [(123)I] metaiodobenzyl
guanidine quantifies postganglionic sympathetic cardiac innervation and has been used to
distinguish DLB from AD.(Yoshita, et al., 2001) Proton magnetic resonance spectroscopy
(MRS) may provide novel information about cerebral physiology that cannot be obtained by
structural MR.

MRS is unique among imaging modalities as it provides quantitative in vivo assessment of
several metabolites during a single scan that are associated with different pathophysiological
processes. MRS has been well studied in AD dementia but fewer studies have investigated
the MRS findings in DLB. The typical MRS pattern in AD dementia is decreased neuronal
integrity marker N-acetylaspartate (NAA) and elevated possible glial marker myo-Inositol
(ml).(Huang, et al., 2001, Kantarci, et al., 2000, Miller, et al., 1993, Pfefferbaum, et al.,
1999, Schuff, et al., 2002) The MRS in DLB studies are difficult to interpret because many
patients with DLB have both AD and Lewy-related pathology in their brains. AD dementia,
frontotemporal dementia (FTD), and vascular dementia (VaD) have similarly reduced NAA/
Cr, but patients with clinically probable DLB have normal NAA/Cr levels in the posterior
cingulate gyri.(Jones and Waldman, 2004, Kantarci, et al., 2004, Kattapong, et al., 1996)
Reduction in NAA/Cr in the hippocampi and white matter of DLB subjects has been
described (Molina, et al., 2002, Xuan, et al., 2008), but the relative contribution of AD
pathology to these findings in these studies is unclear.

Our primary objective in this study was to determine the MRS findings in the posterior
cingulate, medial frontal, and medial occipital lobes in DLB. In an attempt to identify DLB
patients without overlapping AD pathology, we used preserved hippocampal volumes to
characterize DLB patients with a low probability of overlapping AD pathology and autopsy
confirmation when available. Thus our secondary objective was to determine the regional
MRS findings in patients with probable isolated Lewy body disease.
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2. Methods
2.1. Participants

2.2 MRI

2.3 MRS

Consecutive patients with DLB (n=34) and AD dementia (n=35) who consented to the MRS
study were recruited from the Mayo Clinic Alzheimer Disease Research Center (ADRC)
from 8/26/2005 to 7/23/2010. DLB patients met the third Report of the DLB Consortium
criteria for probable DLB,(McKeith, et al., 2005) and AD dementia patients met the
NINCDS-ADRDA criteria for probable AD. (McKhann, et al., 1984) Cognitively normal
(CN) older subjects (n=148) were recruited from both the Mayo Clinic ADRC and Mayo
Clinic Study of Aging, which is a longitudinal population-based study (Roberts, et al., 2008)
during the same time. Exclusion criteria were: 1) presence of structural abnormalities that
could cause cognitive impairment or dementia such as brain tumors 2) concurrent illnesses
or treatments interfering with cognitive function other than AD or DLB. Autopsy
confirmation was available in 20 subjects through the ADRC Neuropathology Core.

Presence of clinical features of DLB was recorded using the following criteria: 1) Severity
of parkinsonism was rated with the Unified Parkinson’s Disease Rating Scale (UPDRS); 2)
Visual hallucinations are present if they are fully formed, occurring on more than one
occasion and not attributable to medical factors (e.g. infection, postoperative confusion),
medications or advanced dementia; 3) Fluctuations are considered present if the patient
scored 3 or 4 on the Mayo Fluctuations Questionnaire (Ferman, et al., 2004); 4) Patients
with probable REM sleep behavior disorder (pRBD) met the International Classification of
Sleep Disorders-11 diagnostic criteria B for pPRBD (AASM, 2005). All subjects underwent
clinical evaluation, MRI/MRS studies within a five month period.

MRI examinations were performed at 1.5 Tesla (GE Healthcare). A 3-D high resolution
magnetization prepared rapid gradient echo (MPRAGE) acquisition with TR/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 the automated segmentation of hippocampal volumes and for MRS
voxel placements.

Volumes of the hippocampi were computed by combining the right and left hippocampal
volumes. Each subject’s high resolution T1-weighted MRI scan was spatially normalized to
a custom template with the in-house modified anatomical labeling atlas labels and
segmented into grey matter, white matter, and CSF using the unified segmentation model of
SPMS5. Then for each subject, inverse of the normalization transformation was applied in
order to warp the atlas hippocampal ROIs to the subject’s native anatomical space to
determine the gray matter volume in the segmented T1-weighted MRIs.

MRS studies were performed with the automated single-voxel MRS package (PROBE/SV;
GE Healthcare).(Webb, et al., 1994) An 8cm?3 (2x2x2 cm) voxel was placed by a trained
MRI technologist (MM) on a midsagittal T1-weighted image covering: 1) Right and left
posterior cingulate gyri and inferior precunei (posterior cingulate voxel); 2) Medial portion
of the right and left superior frontal gyrus (frontal voxel); 3) Right and left medial occipital
lobes (occipital voxel) (Figure 1). Point-resolved spectroscopy (PRESS) pulse sequence with
repetition time of 2,000 milliseconds, echo time of 30 milliseconds, 2,048 data points, and
128 excitations was used for the examinations. The prescan algorithm of PROBE
automatically adjusts the transmitter and receiver gains and center frequency. The local
magnetic field homogeneity is optimized with the three-plane auto-shim procedure, and the
flip angle of the third water suppression pulse is adjusted for chemical shift water
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suppression (CHESS) prior to PRESS acquisition. Metabolite intensity ratios are
automatically calculated at the end of each PROBE/SV acquisition with the PROBE/
QUANT software (Webb, et al., 1994). MRS variables that were analyzed for this study
were NAA/Cr, Cho/Cr, and ml/Cr ratios. A number of subjects were missing MRS data
because the scan was not completed or had poor quality (full with at half Maximum <4Hz.,
lipid signal contamination artifacts and poor water suppression) that failed quantitative
analysis in the frontal (one CN, one DLB, one AD), posterior cingulate (three CN, one
DLB), and occipital (seven CN, two DLB) voxels.

2.4 Statistical Analysis

3. Results

Characteristics of subjects in the CN, DLB, and AD clinical groups were described with
means, standard deviations, counts and proportions, and compared using analysis of
variance and chi-square tests. Analyses of variance adjusting for age and gender to assess
differences in metabolites between clinical groups were performed. For continuous
variables, Tukey’s honest significance tests were used to assess pair-wise differences
between the means of metabolites for the clinical groups, and for categorical variables, chi-
square tests adjusted for false discovery rates were used to compare the proportions. These
tests account for multiple comparisons. We first used all DLB patients as a single clinical
group, and then we separated the subjects into DLB with low probability AD based on
hippocampal volumes. We performed a logistic regression analysis based on data from a
prior study in an independent autopsy-confirmed AD and DLB sample(Kantarci, et al.,
2012a) to get the cutoff hippocampal volume as a percentage of the total intracranial volume
(T1V) of 0.4488585. DLB patients with hippocampal volumes below the cutoff volume
(%TIV) were considered to have a high probability, and DLB patients with hippocampal
volumes (%TIV) above the cutoff were considered to have low probability of co-existing
AD related pathology. Correlations between UPDRS ratings and MRS metabolites in DLB
patients were described and tested with Pearson correlations. Differences between MRS
metabolites in patients with and without a specific DLB clinical feature were tested with t-
tests. Data from autopsy confirmed cases were displayed graphically but statistical analysis
was not performed on this data due to small sample sizes.

3.1 Patient Characteristics

3.2 NAA/Cr

Table 1 describes the characteristics of subjects in each group. Patients with DLB were
younger (p=0.003) and a greater proportion of DLB patients were male (p=0.002) compared
to AD patients. For this reason, all analyses were adjusted for age and sex. Hippocampal
volumes were significantly different between the three clinical groups with the AD patients
having the smallest volumes. We further separated DLB subjects with preserved
hippocampal volumes (n=20) (i.e. hippocampal volume (%TIV) > 0.4488585) as DLB with
low probability of AD. Mean UPDRS in patients with DLB was 9.9 with a standard
deviation of 6.9. Of the 34 DLB patients 22 (65%) had visual hallucinations, 12 (36%) had
fluctuations, and 29 (85%) had pRBD.

Patients with DLB had lower NAA/Cr only in the occipital voxel compared to CN subjects
(Table 2) (p=0.006). In contrast, patients with AD had a trend to lower occipital NAA/Cr
(p=0.13) and had lower NAA/Cr in the posterior cingulate (p=0.02) and frontal (p=0.02)
voxels compared to CN subjects. Whereas no NAA/Cr differences were identified when
comparing patients with DLB to those with AD, DLB patients with low probability of AD
(i.e. preserved hippocampal volumes) had higher NAA/Cr in the frontal lobes compared to
patients with AD (p=0.02).

Neurobiol Aging. Author manuscript; available in PMC 2015 June 01.
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Both patients with DLB and AD (p=0.04 and p<0.001 respectively) had elevated Cho/Cr in
the posterior cingulate voxel compared to CN subjects. Whereas frontal lobe Cho/Cr levels
were elevated in DLB patients with low probability of AD (i.e. preserved hippocampal
volumes) (p=0.049), frontal lobe Cho/Cr of AD patients was not different from the CN
subjects. No differences in occipital Cho/Cr levels were identified among the clinical
groups.

Both patients with DLB and AD had elevated ml/Cr in the posterior cingulate voxel
compared to CN subjects (p=0.04 and p<0.001 respectively). Whereas patients with AD had
elevated ml/Cr in the frontal voxel (p=0.03), DLB patients with low probability of AD (i.e.
preserved hippocampal volumes) had elevated mI/Cr in the occipital voxel compared to CN
subjects (p=0.03).

3.5 Clinical features and MRS Metabolites

We found no relationship between UPDRS ratings and MRS metabolite ratios in the frontal,
posterior cingulate and occipital voxels (p=0.15), neither did we find differences in
metabolite ratios in DLB patients with and without fluctuations (p=0.20). However, we
found some evidence that occipital voxel Cho/Cr levels were lower in DLB patients with
visual hallucinations compared to those without visual hallucinations (p=0.04).

3.6 Autopsy confirmation

We performed an exploratory analysis on cases with autopsy confirmation of the underlying
pathology. There were 4 cases with a low likelihood AD and no LB pathology (i.e. normal),
4 cases with high likelihood DLB (i.e. DLB), 5 with high likelihood AD (i.e. AD), and 7
with low to intermediate likelihood DLB (i.e. AD/DLB: presence of both AD and Lewy
body related pathology). The metabolite ratios in four pathologic groups are displayed in
Figure 2. The autopsy confirmed disease groups, in general, showed similar findings
compared to the clinically diagnosed patients. The only apparent MRS metabolite
differences observed among patients with autopsy confirmed AD and DLB was decreased
NAA/Cr levels in the posterior cingulate and frontal voxels in patients with AD and
preserved NAA/Cr levels in patients with DLB compared to normal. Occipital NAA/Cr
levels were similarly decreased in both autopsy confirmed AD and DLB/AD patients, but
autopsy confirmed pure DLB patients had relatively preserved NAA/Cr in the occipital lobe.
Patients with mixed AD/DLB pathology tended to have similarly decreased NAA/Cr levels
as the autopsy confirmed AD patients. Examples of MR spectra from the autopsy confirmed
normal, AD and DLB patients are displayed in Figure 1.

4. Discussion

In this study, we report the MRS abnormalities in patients with DLB and AD from the
frontal, posterior cingulate, and occipital voxels which are differentially affected with the
pathophysiological processes of AD and DLB. We found distinct differences among the
MRS metabolite abnormalities in AD and DLB patients compared to controls as patients
with DLB were characterized by MRS metabolite abnormalities of decreased NAA/Cr and
increased ml/Cr ratios in the occipital voxel. On the other hand patients with AD dementia
were characterized by similar metabolite abnormalities in the posterior cingulate and the
frontal voxels. Our study extends prior findings because we demonstrate MRS results from
multiple voxels and in DLB patients with a presumed low probability of AD pathology.

Neurobiol Aging. Author manuscript; available in PMC 2015 June 01.
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DLB is frequently accompanied by AD pathology in patients with dementia.(Hamilton,
2000) In fact, in some cohorts, it is more common for DLB to occur in conjunction with AD
than for DLB to occur in isolation.(Gomez-Isla, et al., 1999) We used hippocampal atrophy
as a biomarker for AD pathology. In this study, we demonstrate that DLB patients without
hippocampal atrophy, have normal NAA/Cr levels in the posterior cingulate gyri consistent
with the finding of preserved neuronal numbers in DLB patients at autopsy.(Gomez-Isla, et
al., 1999) In fact, decreased posterior cingulate and frontal NAA/Cr levels in autopsy
confirmed DLB patients with additional AD pathology suggest that coexisting AD
pathology is responsible for NAA/Cr decreases in the frontal and posterior cingulate voxels
in patients with DLB. Preservation of NAA/Cr levels in patients with DLB may be
analogous to the characteristic fluorodeoxyglucose positron emission tomography signature
of DLB of relative preservation of posterior cingulate cortex glucose metabolism (i.e.
cingulate island sign), which differentiates patients with DLB from AD dementia.(Lim, et
al., 2009) The cingulate island sign has been reported to have a specificity of near 100% and
sensitivity of 62-82%, although this was based primarily on clinically not autopsy diagnosed
DLB.(Lim, et al., 2009) Taken together with our findings of decreased posterior cingulate
NAA/Cr in cases with mixed AD and Lewy body pathology, the lower sensitivity of the
cingulate island sign may be driven by the cases of DLB with coexisting AD pathology.

While DLB patients were found to have low NAA/Cr in the occipital voxel, DLB patients
without coexisting AD pathology did not differ from controls in the occipital voxel.
Similarly, the autopsy confirmed pure DLB patients did not differ from controls in the
occipital voxel. On the contrary, AD patients had a trend towards lower NAA/Cr in the
occipital voxel. Perhaps, the patients with a combination of DLB/AD pathology drove the
occipital NAA/Cr finding in the clinical DLB group resulting in a loss of this finding when
they were excluded by hippocampal atrophy.

In agreement with a previous study from our group in a separate cohort, patients with DLB
had elevated Cho/Cr in the posterior cingulate voxel compared to controls.(Kantarci, et al.,
2004) While Cho/Cr ratio is elevated in AD dementia and DLB in the posterior cingulate
voxel, it is normal in VaD.(Kantarci, et al., 2004, Kattapong, et al., 1996, MacKay, et al.,
1996) The Cho peak in MRS is thought to be composed of phospholipid synthesis and
breakdown products.(Klein, 2000) The Cho/Cr elevation in dementia is thought to be related
to dying back of the neuropil or, alternatively, a compensation of decreased acetylcholine by
breakdown of membrane phosphatidylcholine to provide substrate for more acetylcholine.
(MacKay, et al., 1996, Wurtman RJ, 1985) While the posterior cingulate voxel Cho/Cr is
significantly elevated in the DLB patients compared to controls, the difference was only a
trend in DLB patients with preserved hippocampal volumes despite the mean ratio being the
same likely due to smaller sample size. Furthermore, in autopsy confirmed DLB patients
with no additional AD pathology, we also found high Cho/Cr levels. In addition, the
elevation of Cho/Cr in the posterior cingulate in the pathologically confirmed DLB subjects
demonstrates that the elevation of Cho/Cr is a characteristic feature of DLB and may be
independent of AD pathology. Although DLB patients had normal Cho/Cr in the occipital
lobe, lower occipital lobe Cho/Cr ratio was associated with visual hallucinations. The
discrepancy of findings on Cho/Cr levels in the posterior cingulate and occipital voxels in
DLB may be associated with the differential metabolic involvement of the posterior
cingulate gyrus and occipital lobes in DLB. Preserved posterior cingulate gyrus metabolism
with respect to the decreased occipital metabolism characterizes FDG PET findings in
DLB(Lim, et al., 2009), which may explain the discrepant Cho/Cr findings in these voxels.

MI/Cr levels were elevated in patients with DLB and AD compared to controls in the
posterior cingulate voxel. Interestingly, occipital voxel ml/Cr levels were elevated only in
DLB patients with preserved hippocampal volumes relative to controls. Although the
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significance of ml elevation in neurodegenerative diseases is unclear, ml is present in glial
cells and elevated ml is thought to be associated with glial proliferation.(Bitsch, et al., 1999,
Glanville, et al., 1989, Kantarci, et al., 2010, Oz, et al., 2010, Ross, et al., 1998) The
anatomical localization of elevated ml/Cr in the occipital voxel in DLB patients with
preserved hippocampal volumes who presumably do not have significant AD pathology is
consistent with the FDG PET findings in DLB, which show greater occipital lobe
hypometabolism in DLB compared to mild AD.(Kantarci, et al., 2012b) This distinction is
lost as disease progresses and AD pathology involves the occipital lobes. Occipital
involvement may be the reason for the elevated occipital ml/Cr levels observed in autopsy
confirmed AD subjects.

Investigation of autopsy confirmed subgroups in the current study further confirmed the
preservation of neuronal integrity marker NAA/Cr in the posterior cingulate and frontal lobe
voxels in DLB patients relative to patients with DLB/AD pathology, highlighting that AD
pathology may be driving the decrease in NAA/Cr in these regions

Although we reported the regional MRS metabolite changes in autopsy confirmed DLB and
mixed DLB and AD pathology, a limitation of our study is the availability of autopsy
confirmation in a relatively small subset of the patients (n=20). By classifying DLB patients
with preserved hippocampal volumes as DLB with low probability of AD, we were able to
exclude DLB patients who likely have additional hippocampal AD pathology. However it is
possible that we could not distinguish patients with DLB with the hippocampal sparing
subtype of AD pathology, if there are any in our sample. Nonetheless, localization of MRS
abnormalities to the occipital lobe in DLB with low probability of AD, is in agreement with
the findings in autopsy confirmed DLB patients. We did not attempt to quantify metabolite
concentrations. We quantified metabolite ratios to Cr for applicability to the clinical practice
using tools available in clinical scanners, because many ex-vivo and in-vivo studies in
mouse models and humans consistently found stable Cr levels in degenerative
dementias(Chao, et al., 2005, Dedeoglu, et al., 2004, Valenzuela and Sachdev, 2001),
particularly in AD. Therefore it is unlikely that our findings are influenced by altered Cr
levels associated with AD. In contrast, others have shown that in non-demented elderly
decreased NAA/Cr correlated with cognitive performance but higher Cr explained the
reduction in NAA/Cr better than reduction in NAA (Ferguson, et al., 2002) and, Cr levels
may increase with age in cognitively normal individuals.(Pfefferbaum, et al., 1999,
Saunders, et al., 1999, Schuff, et al., 2001) Lastly, Cr levels have also been reported to be
higher in gray matter compared to white matter.(Pfefferbaum, et al., 1999, Schuff, et al.,
2001) It is also possible that Cr levels change in DLB, which needs to be investigated.
Furthermore, this study was conducted at 1.5 Tesla. MRS studies at higher magnetic fields
such as 3 Tesla may reveal further abnormalities in glutamine and glutamate peaks that may
be useful in distinguishing AD and DLB.(Antuono, et al., 2001, Bartha, et al., 2008, Hattori,
et al., 2002, Kantarci, et al., 2003, Lin, et al., 2003, Rupsingh, et al., 2011)

MRS abnormalities are associated with early f-amyloid pathology in cognitively normal
older adults and may provide valuable information on AD-related pathology in the
preclinical stages.(Kantarci, et al., 2011, Kantarci, et al., 2013) Clinical trials for the
prevention of AD are already planned in older adults with preclinical AD. DLB patients,
many of whom have additional AD pathology may also benefit from agents targeting AD
pathology. Thus, imaging markers that help determine the presence of AD pathology in
DLB will be critical when enrolling patients with mixed pathologies into clinical trials on
targeted agents. For example, presence of imaging evidence of AD pathology in patients
with clinically probable DLB predicts treatment response to acetylcholinesterase inhibitors.
(Graff-Radford, et al., 2012) MRS may have a complimentary role in antemortem
pathological diagnoses helping determine whether clinically probable DLB patients have
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DLB versus DLB with AD pathology as NAA/Cr reduction in the posterior cingulate and
frontal voxels appear to be a marker of coexisting AD pathology in patients with DLB. The
pathologic basis of elevated Cho/Cr in DLB even in the absence of AD pathology requires
further investigation.
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Figure 1. Voxel Locations and Examples of Proton MR Spectra from autopsy confirmed cases
Frontal Lobe voxel (A) (2x2x2cm) is placed on a mid-sagittal 3D T1-weighted image.
Posterior inferior corner of the voxel is the cingulate sulcus at the level of the anterior
margin of the lateral ventricles. Spectra from the frontal lobe voxel demonstrate decreased
N-acetylaspartate (NAA) and elevated myo-inositol (ml) in the patient with AD; elevated
Choline (Cho) and ml in the patient with DLB. Posterior cingulate voxel (B) (2x2x2cm) is
placed on a mid-sagittal 3D T1-weighted image. Anterior inferior corner of the voxel is the
anterior border of the splenium of the corpus callosum. Spectra from the posterior cingulate
voxel demonstrate decreased NAA and elevated ml and Cho in the patient with AD;
elevated Cho and ml in the patient with DLB. Occipital voxel (C) (2x2x2cm) is placed on a
mid-sagittal 3D T1-weighted image. Anterior superior corner of the voxel is the parieto-
occipital sulcus. Spectra from the occipital voxel demonstrate decreased NAA and elevated
ml in patients with AD and DLB. All MR spectra are scaled to the creatine (Cr) peak.
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Figure 2.

MRS Metabolite ratios in frontal, posterior cingulate and occipital voxels in autopsy
confirmed disease groups.
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Patient Characteristics by clinical diagnosis

Table 1

CN(n=148) DLB(n=34) DLB-Low Probability AD(n=20) AD (n=35)

No. female, n (%). 68 (46) 5 (15) 1(5) 18 (51)
Age at scan, yr. 77£6 737 725 79+11
Education, yr. 14+3 1443 14+3 14+4
No. APOE4 carrier, n (%) 39 (26) 15 (47) 11 (55) 17 (49)
Short Test of Mental Status 35.1+2.4 24.6+6.4 25.0+5.8 23.7+6.7
CDR Sum of Boxes 0.03+0.16 5.60+4.23 4.75%£3.13 4.75%3.05
Atlas HP (TIV adjusted) 0.50+0.05 0.46+0.07 0.50+0.04 0.41+0.07

Mean=SD is reported for continuous variables.

APOE: Apolipoprotein E; CDR: Clinical Dementia Rating; TIV: Total intracranial volume

*
Significant differences from cognitively normal subjects.
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