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Background: The differential diagnosis of dementia with Lewy bodies (DLB) and

Alzheimer’s disease (AD) is particularly important because DLB patients respond better to

cholinesterase inhibitors but sometimes exhibit sensitivity to neuroleptics, which may cause

worsening of clinical status. Antemortem voxel-based morphometry (VBM) using structural

MRI has previously revealed that patients with DLB have normal hippocampal volume, but

atrophy in the dorsal mesopontine area.

Objectives: The aim of this multicenter study was to determine whether VBM of the brain

stem in addition to that of medial temporal lobe structures improves the differential diagnosis

of AD and DLB.

Methods: We retrospectively chose 624 patients who were clinically diagnosed with either

DLB (239 patients) or AD (385 patients) from 10 institutes using different MR scanners with

different magnetic field strengths. In all cases, VBMwas performed on 3D T1-weighted images.

The degree of local atrophy was calculated using Z-score by comparison with a database of

normal volumes of interest (VOIs) in medial temporal lobe (MTL) and the dorsal brain stem

(DBS). The discrimination of DLB and AD was evaluated using Z-score values in these two

VOIs. MRI data from 414 patients were used as the training data set to determine the classifica-

tion criteria, with the MRI data from the remaining 210 patients used as the test data set.

Results: The DLB and AD patients did not differ with respect to mean age or Mini-Mental

State Examination scores. Z-index scores showed that there was significantly more atrophy

in MTL of AD patients, compared to DLB patients and in DBS of DLB patients, compared to

AD patients. The discrimination accuracies of VBM were 63.3% in the test data set and

73.4% in the training data set.

Conclusion: VBM of DBS in addition to that of MTL improves the differentiation of DLB and

AD.
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Introduction
Dementia with Lewy bodies (DLB) is one of the main etiologies of neurodegenerative

dementia after Alzheimer’s disease (AD).1 Distinguishing DLB from AD is difficult

because of their overlapping clinical and pathological features.2–4 Patients with clinically

defined DLB may also have AD-type pathological changes as well as the characteristic

Lewy bodies. However, the differential diagnosis is particularly important because DLB

respond better to cholinesterase inhibitors but are sensitive to neuroleptics, which cause

worsening of clinical status.
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Volumetric MRI has been extensively used to charac-

terize the patterns of cerebral atrophy in AD, demonstrat-

ing involvement of the medial temporal lobe (MTL) and

temporoparietal association cortices.5 However, less is

known about the patterns of atrophy in DLB. Although

voxel-based morphometry (VBM) explores the local

volume loss of gray and white matter throughout the

whole brain, there has been considerable variation in

terms of volume changes among the published studies,

probably due to small and heterogeneous samples of par-

ticipants. Compared with age-matched normal controls,

gray matter volume loss has been observed in the cerebral

cortex,6–11 such as the frontal, parietal, occipital, temporal,

and insula, and in the subcortical structures,12,13 such as

the substantia innominata and midbrain. White matter

volume loss has been observed in subcortical areas and

the brain stem.11,14,15

In patients with pathologically confirmed DLB,16 ante-

mortem VBM studies revealed gray matter volume loss in

the MTL that was much less extensive than the changes

seen in patients with AD, and also revealed gray matter

volume loss in the dorsal mesopontine area in patients with

low- to intermediate- to high-likelihood DLB according to

the third report of the DLB Consortium. Patients with high-

likelihood DLB typically have normal hippocampal

volumes but have atrophy in the dorsal mesopontine gray

matter nuclei. This atrophy in the dorsal mesopontine area

was also observed in our previous VBM study,15 but in the

white matter not in the gray matter.

In the fourth report of the DLB Consortium,17 “relative

preservation of medial temporal lobe structures on CT/MRI

scan” is listed as one of the supportive biomarkers of DLB.

This preservation of MTL structures has been consistently

observed in most VBM studies of DLB.16,18–21 The aim of

the present multicenter study was to determine whether addi-

tional VBM of the brain stem to MTL structures improves

the differential diagnosis of AD and DLB.

Methods
Patients
This retrospective study used data obtained at 10 institutes

from 624 patients who were clinically diagnosed with

DLB (239 patients) or AD (385 patients) based on the

criteria proposed in the third Consortium on DLB

International Workshop1 and the National Institute on

Aging and Alzheimer’s Association (NIA-AA) diagnostic

criteria,22 respectively. The demographics of the study

population are shown in Table 1. All patients underwent

three-dimensional T1-weighted MRI using 1.5-T or 3.0-T

MRI scanners. MRI data from 414 patients obtained at

institutes in Tokyo (Shinjuku, Sakura, and Yamagata) and

from 210 patients obtained at 7 other institutes were used

as training and test data sets, respectively.

All procedures were performed in accordance with

the ethical standards of the institutional research com-

mittee and with the 1964 Helsinki Declaration and its

later amendments or comparable ethical standards.

Approval covering the whole study was obtained at

ethical committee of National Center of Neurology and

Psychiatry (A2015-075). Then, this retrospective study

was approved by the ethical committees at other insti-

tutes (Supplementary data). The need for informed

patient consent was waived because of the retrospective

design using secured confidentiality of patient data from

daily medical practice.

Voxel-Based Morphometry
We performed VBM on MRI data using the original stand-

alone software program running on Windows, Voxel-based

Specific Analysis System for Alzheimer’s Disease

(VSRAD®).23 First, MRI data were anatomically standar-

dized with only 12-parameter affine transformation to the

statistical parametric mapping template to correct for dif-

ferences in brain size. Then, MRI data were segmented

into gray matter, white matter, and cerebrospinal fluid

images using the unified tissue segmentation procedure

after image intensity nonuniformity correction. These lin-

early transformed and segmented images were nonlinearly

transformed by diffeomorphic anatomical registration

using exponentiated Lie algebra (DARTEL) procedures

and then modulated to the customized template for

DARTEL followed by smoothing using an 8-mm

Gaussian kernel. Each processed segmented image was

compared with the mean and standard deviation of gray

matter or white matter images segmented from 1.5-T

structural MRI of 80 healthy volunteers using voxel-by-

voxel Z-score analysis with voxel normalization to global

mean intensities (global normalization): Z-score =([control

mean]–[individual value])/(control standard deviation).

These Z-score maps were displayed by overlay on tomo-

graphic sections and surface rendering of the standardized

brain. We registered target volumes of interest (VOIs) in

the MTL and dorsal brain stem (DBS) as specifically

atrophied areas in AD (Figure 1A) and DLB (Figure 1B),

respectively, according to our previous studies.15,23
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The following five indices for characterizing atrophy in

the target VOIs were used:

MTL_Z: Severity of gray matter atrophy obtained from

the averaged positive Z-score in the MTL VOI.

DBS_Z_gray: Severity of gray matter atrophy obtained

from the averaged positive Z-score in the DBS VOI.

DBS_Z_white: Severity of white matter atrophy obtained

from the averaged positive Z-score in the DBS VOI.

DBS_Z_gray_ratio: Ratio of DBS_Z_gray to MTL_Z.

DBS_Z_white_ratio: Ratio of DBS_Z_white to MTL_Z.

Discrimination Of AD And DLB Using

VSRAD
For both single and multiple use of the above five indices

for the target VOIs of VSRAD, the training data set was

utilized to determine the classification criteria for DLB and

AD. Then, the discrimination performance of DLB and

AD was evaluated in both the training and test data sets.

For single indices, receiver operating characteristic (ROC)

analysis was used to define the diagnostic accuracy for DLB

when the cutoff was taken as the point at which [sensitivity

+specificity] was maximal. JMP software (ver. 7.0.1; SAS

Institute Inc., NC, USA) was used for ROC analysis.

For multiple indices, DLB andADwere classified using a

decision tree by machine learning when all five indices were

entered as input. A classification and regression tree was

adopted as the algorithm of the decision tree. We used the

rpart (ver. 4.1–10) software package of R software (ver.

3.3.2; R Foundation for Statistical Computing, Vienna,

Austria). Gini indices were used for the optimization function

of the decision tree. In order to prevent excessive overfitting

in which the tree structure becomes too complicated,

branches were pruned by a method based on the prediction

error of the 1-standard error rule.24

Association Of VBM Results And Core

Clinical Features In DLB
The association of the five indices for characterizing atro-

phy in the target VOIs with core clinical features – fluc-

tuating cognition, visual hallucination, Parkinsonism, and

rapid eye movement (REM) sleep behavior disorder – was

investigated in 120 DLB patients of eight institutes other

than Sakura and Yamagata.

Results
There were no significant differences in age and Mini-

Mental State Examination (MMSE) scores between theT
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DLB patients and AD patients (Table 1). A comparison of

values for the single indices between DLB and AD is

shown in Table 2. MTL_Z showed significantly lower

values in DLB than in AD. DBS_Z_gray_ratio and

DBS_Z_white_ratio showed significantly higher values in

DLB than in AD, while DBS_Z_gray and DBS_Z_white

showed only slightly higher values in DLB than in AD.

Table 3 shows the discrimination performance when

a single index is used with cutoff values for DLB in

ROC analysis. In the training data set, MTL_Z,

DBS_Z_gray_ratio, and DBS_Z_white_ratio showed

greater than 60% accuracy, whereas DBS_Z_gray and

DBS_Z_white showed less than 60% accuracy. In the

test data set, all indices showed less than 60% accuracy.

Figure 2 shows the decision tree generated from the

training data set with multiple indices. Branching is

repeated at each node from the top to the bottom, and

the four terminal nodes at final arrival indicate the classi-

fication result as a decision tree. In this decision tree, the

condition classified as DLB corresponds to the terminal

node on the right end, and “MTL_Z < 2.185 and

DBS_Z_gray_ratio ≥ 0.195 and DBS_Z_white_ratio ≥

0.195” is the cutoff. The discrimination performance of

the training and test data sets with this decision tree is

shown in Table 4. The differentiation accuracy of DLB

and AD was greater than 70% in the training data set and

greater than 60% in the test data set. When values,

“MTL_Z < 2.0 and DBS_Z_gray_ratio ≥ 0.2 and

DBS_Z_white_ratio ≥ 0.2”, that are easy to set with

VSRAD are used, almost the same accuracies were

obtained in both data set. Thus, the multiple indices pro-

vided better discrimination accuracy than the single

indices.

Table 5 shows the association of the values of the five

indices in the target VOIs with core clinical features. Only

DBS_Z_gray_ratio and DBS_Z_white_ratio showed sig-

nificantly lower values in DLB patients with visual hallu-

cination than in those without visual hallucination.

Discussion
The present multicenter study using different MRI scan-

ners of different magnetic field strengths demonstrated that

combined volume measures of MTL and DBS were more

helpful than single volume measures of MTL for differ-

entiation of DLB and AD in VBM.

The present results of less atrophy of MTL structures in

DLB than in AD agreed well with previous investigations.16,18

Our previous single-center study15 using VSRAD revealed

that a target VOI in the white matter limited to the midbrain

plus pons, which corresponded to DBS_Z_white in the present

study, exhibited an AUC of 0.74, sensitivity of 60%, specifi-

city of 90%, and accuracy of 75% for the differentiation of

DLB and AD. However, the accuracy of DBS_Z_white alone

in the training data set was just 54.6% in the present multi-

center study. The lower accuracy may be due to the use of

different MRI scanners of different magnetic field strengths at

multiple sites. Although DBS_Z_white_ratio showed better

accuracy (66.4%) than DBS_Z_white in the training data set,

Figure 1 VOIs in the VSRAD® software program. (A) VOI in medial temporal lobe structures. (B) VOI in the dorsal brain stem.

Table 2 Comparison Of Single Index Values For Characterizing

Atrophy In The Target VOIs Between DLB And AD

Index DLB (n=239) AD (n=385)

MTL_Z 1.73±0.88 2.44±1.05**

DBS_Z_gray 0.57±0.23* 0.53±0.25

DBS_Z_white 0.67±0.57 0.65±0.72

DBS_Z_gray_ratio 0.44±0.32** 0.28±0.20

DBS_Z_white_ratio 0.47±0.48** 0.30±0.34

Notes: *P<0.05, **P<0.001.
Abbreviations: VOI, volume of interest; DLB, dementia with Lewy bodies; AD,

Alzheimer’s disease; MTL, medial temporal lobe; DBS, dorsal brain stem.
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this accuracy was almost equal to that of MTL_Z alone

(65.2%). In the test data set, these accuracies decreased to

below 60%, and the accuracy of DBS_Z_white_ratio was the

same as that of MTL_Z. During image acquisition, pulsatile

and respiratory motion resulting from the cardiac cycle and

respiratory activity may produce some distortions of the brain

Table 3 Discrimination Performance Of DLB And AD Using Single Indices

Index DLB Cutoff Training Data (n=414) Test Data (n=210)

AUC Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy

MTL_Z <2.19 0.72 75.7% 59.2% 65.2% 75.9% 43.9% 57.1%

DBS_Z_gray ≥0.34 0.54 87.5% 22.5% 46.4% 86.2% 17.9% 46.2%

DBS_Z_white ≥0.32 0.56 69.1% 46.2% 54.6% 72.4% 30.9% 48.1%

DBS_Z_gray_ratio ≥0.27 0.68 68.4% 60.7% 63.5% 70.1% 50.4% 58.6%

DBS_Z_white_ratio ≥0.33 0.66 50.7% 75.6% 66.4% 59.8% 55.3% 57.1%

Figure 2 Decision tree for differentiation of DLB and AD using VBM results in the training data set. Below each node, the numbers of AD (left) and DLB (right) patients are

shown. The class of AD or DLB as the classification result is shown at the center of each node. In this decision tree, the condition classified as DLB corresponds to the

terminal node on the right end, and “MTL_Z <2.185 and DBS_Z_white_ratio ≥0.195 and DBS_Z_gray_ratio” is the cutoff.

Table 4 Discrimination Performance Of DLB And AD Using Multiple Indices

DLB Cutoff Training Data (n=414) Test Data (n=210)

Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy

MTL_Z < 2.185 & DBS_Z_gray_ratio ≥ 0.195 &

DBS_Z_white_ratio ≥ 0.195

57.2% 82.8% 73.4% 56.3% 68.3% 63.3%

MTL_Z < 2.0 & DBS_Z_gray_ratio ≥ 0.2 &

DBS_Z_white_ratio ≥ 0.2

52.0% 84.4% 72.5% 50.6% 75.6% 65.2%
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stem.25 Cerebrospinal fluid has also been found to flow in both

rostral and caudal directions during the cardiac cycle. This

cardiac-synchronized flow in the cerebrospinal fluid can result

in brain stem pulsation. These distortions and pulsations may

fluctuate with the differences in not only the MR scanners, but

also the magnetic field strength. In VSRAD analysis, differ-

ences in volume measures of white matter and differences in

cutoff values for significant gray matter atrophy have been

reported between 1.5-T and 3.0-T MRI data.26 These factors

may cause segmentation fluctuations in VBM of the brain

stem and may at least partly explain the variable results in

brain stem atrophy mainly in gray matter or mainly in white

matter among previous VBM studies of DLB. The present

decision tree analysis revealed that the influences of segmen-

tation fluctuations on differential performance are reduced by

the combination of MTL_Z, DBS_Z_gray_ratio, and

DBS_Z_white_ratio. ComparedwithMTL_Z alone, this com-

bination showed better accuracy of 8.2% and 6.2% in the

training and test data sets, respectively.

The previous VBM studies27 of DLB patients with visual

hallucination revealed gray matter atrophy mainly in the

occipital, parietal, and frontal cortices, the MTL, and choli-

nergic structures such as the substantia innominata. Janzen et

al28 demonstrated gray matter atrophy in the pedunculopon-

tine nucleus in patients with DLB with visual hallucination.

Our results partly agree with these observations. The DLB

patients with visual hallucination showed greater atrophy in

the MTL with less atrophy in DBS, resulting in a signifi-

cantly lower DBS_Z_gray_ratio and DBS_Z_white_ratio.

Another study29 revealed less atrophy in the temporo-

parietal cortex, hippocampus, and amygdala in DLB

patients with REM sleep behavior disorder than in those

without REM sleep behavior disorder. The presence of

REM sleep behavior disorder is associated with a higher

likelihood of DLB and less severe AD pathology in the

MTL. The present results showed less MTL atrophy in

patients with REM sleep behavior disorder than in those

without REM sleep behavior disorder, though the differ-

ence did not reach statistically significant.

This study was possibly limited by several factors. First,

the diagnoses were not pathologically confirmed. Second, the

association of volumetric results and clinical features was not

investigated in all DLB patients. The trend observed in the

present study might have been statistically significant with a

higher number of patients. Third, the present VBM results

were not compared with other imaging biomarkers such as

dopamine transporter SPECT/PET, metaiodobenzylguanidine

myocardial scintigraphy,30,31 and brain perfusion SPECT or

FDG-PET.32 These comparisons with other biomarkers would

clarify the significance of the present findings.

Conclusion
On VBM of 3D T1-weighted images, gray matter atrophy in

the MTL was less in DLB patients than in AD patients. VBM

of the DBS in addition to that of the MTL increases the

differentiation of AD and DLB by up to 8.2%. Automatic

VBM software would be useful for this differential diagnosis.
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