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Table 1. Characteristics of 88 patients

Total AD non-AD p value

Patients (n) 88 35 53

Sex

  Female/Male (n) 57 / 31 21 / 14 36 / 17 0.446

Mean Age, years 70.5 ± 10.9 69.5 ± 11.4 71.2 ± 10.7 0.494

  mean Female 68.2 yo

  mean Male 71.5 yo

  Age range 43 - 87 49 - 86 43 - 87

Mean MMSE, points 23.2 ± 4.9 22.8 ± 4.7 23.4 ± 5.1 0.607

  mean Female 22.6

  mean Male 23.2

  MMSE range

8

−

30 14

−

30 8

−

30

Statistical significance was indicated as follows: *** for p < 0.001, ** for p < 0.01, and * for p < 0.05.

AD:  Alzheimer's disease, non-AD: non-Alzheimer's disease, n: number, yo: years old


image2.emf
Table 2. Clinical symproms in patients with AD and non-AD

Total (n = 88) AD (n = 35) non-AD (n = 53) p value

Cognitive fluctuation 7 1 6 0.154

Visual hallucinations 2 0 2 0.250

Auditory hallucinations 1 0 1 0.420

Parkinsonism 53 19 34 0.360

RBD 3 0 3 0.156

Visual/Visuospatial cognitive impairment 37 17 20 0.319

Gait disturbance 13 1 12 0.010

*

Hearing loss 3 2 1 0.339

Urinary disturbance 7 1 6 0.154

Attention disorder 7 3 4 0.864

Limb apraxia 6 1 5 0.236

Insomnia 1 1 0 0.220

Depression 2 1 1 0.768

Delusion 3 1 2 0.819

Irritation 2 1 1 0.768

Agitation 4 2 2 0.673

Statistical significance was indicated as follows: *** for p < 0.001, ** for p < 0.01, and * for p < 0.05.

AD: Alzheimer's disease, non-AD: non-Alzheimer's disease, n: number, RBD: rapid eye movement sleep behavior disorder
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Table 3. Positive and negative correlation with hypoperfusion area and covariates (CSF biomarkers, MMSE score, age and sex)

CSF Biomarkers Correlation Comparison Brain region Brodmann area Side Talairach coordinates Cluster dimension t value

Covariates (BA) x y z  k value

Aβ

42

Positive

CBF p<0.001(uncorrected) 

a

Ventral Posterior Cingulate 23 R 0 -46 29 1288 6.10

Angular Gyrus 39 L -40 -71 28 4279 5.99

Medial Temporal Gyrus 21 R 59 -39 -9 4500 5.11

Negative CBF p<0.001(uncorrected) ND

Aβ

40

Positive CBF p<0.001(uncorrected) ND

Negative CBF p<0.001(uncorrected) ND

Aβ

42/40

 ratio Positive CBF p<0.001(uncorrected) Angular Gyrus 39 L -46 -71 36 2155 5.45

Angular Gyrus 39 R 49 -58 44 723 4.52

Negative CBF p<0.001(uncorrected) Broca's Opercularis 44 R 30 12 13 868 4.50

AD Index

 b

Positive CBF p<0.001(uncorrected) ND

Negative CBF p<0.001(uncorrected) Angular Gyrus 39 R 37 -68 40 697 5.23

Angular Gyrus 39 L -44 -62 43 375 4.89

Visual Association Cortex 19 R 8 -74 34 1875 4.78

p-tau Positive CBF p<0.001(uncorrected) ND

Negative CBF p<0.001(uncorrected) Angular Gyrus 39 R 37 -70 40 324 4.78

Visual Association Cortex 19 R 8 -76 32 1298 4.42

Premotor and Supplementary Motor Cortex 6 R 8 -7 64 574 4.26

t-tau Positive CBF p<0.001(uncorrected) ND

Negative CBF p<0.001(uncorrected) Angular Gyrus 39 R 37 -68 40 614 5.62

Angular Gyrus 39 L -44 -62 45 3265 5.08

MMSE score Positive CBF p<0.001(uncorrected) Inferior Temporal Gyrus 20 R 44 -15 -25 9759 7.26

Medial Temporal Gyrus 21 L -60 -22 -16 1003 5.70

Ventral Posterior Cingulate 23 R 6 -50 27 770 5.03

Frontal Eye Fields Cortex 8 L -35 14 32 739 4.48

Negative CBF p<0.001(uncorrected) Premotor and Supplementary Motor Cortex 6 R 10 -18 56 2652 5.08

Age Positive CBF p<0.001(uncorrected) Somatosensory Association Cortex 7 R 15 -43 62 1511 5.29

Visual Association Cortex 19 L -46 -75 8 538 4.23

Negative CBF p<0.001(uncorrected) Insular Cortex 13 L -40 0 -3 5244 7.53

Insular Cortex 13 R 41 6 0 2592 6.76

Ventral Posterior Cingulate 23 R 0 -36 27 698 4.85

Parahippocampal Gyrus 36 R 23 -27 -11 510 4.59

Sex Positive CBF p<0.001(uncorrected) ND

Negative CBF p<0.001(uncorrected) ND

No Covariate Positive CBF p<0.001(uncorrected) ND

(Control) Negative CBF p<0.001(uncorrected) ND

a

  uncorrected at p < 0.001

b 

 AD Index = t-tau × Aβ40/Aβ42 in references [30, 31]

CBF: cerebral blood flow, BA: Brodmann area, ND: not determined, L: left, R: right
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Table 4.   Univariate logistic analysis based on the correlation between each rCBF of VOI and Aβ deposition  comparison with 

                each  CSF biomarker, MMSE score, age, and interval days

rCBF Model Odds ratio 95% CI 95% CI p value

CSF biomarker

Aβ deposition 

≈

 a × X + b

Lower Upper

Covariate    (X) a b

Intercept, b 

a

― ― 2.83 × 10

9.12 × 10

－

1

8.06 × 10

 2

5.65 × 10

－

2

rCBF_PC -4.883 3.341

7.57 × 10

－

3

1.38 × 10

－

4

4.17 × 10

－

1

1.69 × 10

－

2

*

Intercept, b ― ― 1.09 × 10

7.30 × 10

－

1

1.62 × 10

 2

8.34 × 10

－

2

rCBF_rtPar -4.434 2.385

1.19 × 10

－

2

2.97 × 10

－

4

4.74 × 10

－

1

1.84 × 10

－

2

*

Intercept, b ― ― 5.02 × 10 2.17

1.25 × 10

 3

1.48 × 10

－

2

*

rCBF_ltPar -6.353 3.955

1.74 × 10

－

3

2.58 × 10

－

5

1.18 × 10

－

1

3.12 × 10

－

3

**

Intercept, b ― ― 5.04 × 10 1.48

1.72 × 10

 3

2.95 × 10

－

2

*

rCBF_3VOI 

b

-5.789 3.921

3.06 × 10

－

3

4.16 × 10

－

5

2.26 × 10

－

1

8.32 × 10

－

3

**

Intercept, b ― ― 1.45

1.68 × 10

－

1

1.24 × 10

7.37 × 10

－

1

MMSE

 -5.401 × 10

－

2

3.682 × 10

－

1

9.47 × 10

－

1

8.64 × 10

－

1

1.04

2.54 × 10

－

1

Intercept, b ― ―

6.08 × 10

－

1

3.14 × 10

－

2

1.18 × 10

7.42 × 10

－

1

Age

 -5.268 × 10

－

3

 -4.982 × 10

－

1

9.95 × 10

－

1

9.54 × 10

－

1

1.04

8.04 × 10

－

1

Intercept, b ― ―

3.90 × 10

－

1

2.19 × 10

－

1

6.95 × 10

－

1

1.41 × 10

－

3

**

Sex

1.990 × 10

－

1

 -9.410 × 10

－

1

1.22

4.72 × 10

－

1

3.15

6.81 × 10

－

1

Intercept, b ― ―

4.07 × 10

－

1

2.46 × 10

－

1

6.72 × 10

－

1

4.54 × 10

－

4

***

Interval days

1.336 × 10

－

4

 -8.996 × 10

－

1

1.00

9.99 × 10

－

1

1.00

7.66 × 10

－

1

Intercept, b ― ― 2.76 × 10 3.43

2.22 × 10

 2

1.82 × 10

－

3

**

Aβ42

 -5.509 × 10

－

3

1.514 × 10

－

3

9.95 × 10

－

1

9.92 × 10

－

1

9.97 × 10

－

1

2.75 × 10

－

4

***

Intercept, b ― ―

1.33 × 10

－

1

3.60 × 10

－

2

4.88 × 10

－

1

2.38 × 10

－

3

**

Aβ40

1.105 × 10

－

4

-2.021 1.00 1.00 1.00

5.66 × 10

－

2

Intercept, b ― ―

2.06 × 10

－

2

4.74 × 10

－

3

9.00 × 10

－

2

2.38 × 10

－

7

***

AD Index  

c

4.970 × 10

－

4

-3.880 1.00 1.00 1.00

4.77 × 10

－

6

***

Intercept, b ― ―

6.02 × 10

－

3

8.34 × 10

－

4

4.34 × 10

－

2

3.97 × 10

－

7

***

p-tau/Aβ42 ratio 5.086 × 10 -5.113

1.22 × 10 

22

3.65 × 10

 12

4.09 × 10

 31

5.49 × 10

－

6

***

Intercept, b ― ―

2.6 × 10

－

2

6.16 × 10

－

3

1.26 × 10

－

1

3.38 × 10

－

6

***

p-tau

4.547 × 10

－

2

-3.507 1.05 1.02 1.07

1.36 × 10

－

4

***

Intercept, b ― ―

5.09 × 10

－

2

1.48 × 10

－

2

 1.75 × 10

－

1

2.34 × 10

－

6

***

t-tau

4.997 × 10

－

3

-2.979 1.01 1.00 1.01

1.45 × 10

－

4

***

Statistical significance was indicated as follows: *** for p < 0.001, ** for p < 0.01, and * for p < 0.05.

The cutoff value for the CSF Aβ42/40 ratio was set at 0.067 mg/dl [29].

Aβ deposition positivity was defined as CSF Aβ42/40 ratio of less than 0.067 mg/dl.

Aβ deposition negativity was defined as CSF Aβ42/40 ratio of 0.067 mg/dl or heigher.

a  

Intercept ’b’ represents the intercept of the model equation.

b

 3VOI represents the average of three voxels of interest, including the posterior cingulate cortex and the bilateral parietal cortices.

c  

AD Index = t-tau × Aβ40/Aβ42 in references [30, 31]

p-tau: phosphorylated tau, t-tau: total tau, VOI: voxel of interest, PC: posterior cingulate cortex, 

CI: confidence interval, rt-Par: right parietal cortex, lt-Par: left parietal cortex , rCBF: regional cerebral blood flow
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Table 5.  Multivariate logistic analysis using model equations including each rCBF of VOI based on Aβ deposition

rCBF Model Odds ratio 95% CI 95% CI p value

Covariate 

Aβ deposition 

≈

 a × rCBF_PC + b × rCBF_rt-Par + c × rCBF_lt-Par + d × MMSE + e × Age + f × Sex + g × Interval days + h

Lower Upper

a b c d e f g h

Intercept, h 

a

― ― ― ― ― ― ― 3.97 5.30 × 10

2.34 × 10

－

1

1.20 × 10 

4

0.151

rCBF_PC

1.74 × 10

－

1

― ― ― ― ― ― ― 1.19

2.68 × 10

－

4

5.28 × 10

 3

0.968

rCBF_ltPar ― -6.95 ― ― ― ― ― ―

9.63 × 10

－

4

1.90 × 10

－

7

4.87 0.110

rCBF_rtPar ― ―

5.94 × 10

－

1

― ― ― ― ― 1.81

3.68 × 10

－

3

8.92 × 10

 2

0.851

MMSE ― ― ―

 -2.40 × 10

－

2

― ― ― ―

9.76 × 10

－

1

8.69 × 10

－

1

1.10 0.687

Age ― ― ― ―

3.70 × 10

－

3

― ― ― 1.00

9.55 × 10

－

1

1.05 0.884

Sex ― ― ― ― ―

3.77 × 10

－

1

― ― 1.46

4.91 × 10

－

1

4.32 0.497

Interval days 

b

― ― ― ― ― ―

5.12  × 10

－

6

― 1.00

9.99 × 10

－

1

1.00 0.992

Statistical significance was indicated as follows: *** for p < 0.001, ** for p < 0.01, and * for p < 0.05.

The cutoff value for the CSF Aβ42/40 ratio was set at 0.067 mg/dl [29].

Aβ deposition positivity was defined as CSF Aβ42/40 ratio of less than 0.067 mg/dl.

Aβ deposition negativity was defined as CSF Aβ42/40 ratio of 0.067 mg/dl or heigher.

a  

Intercept ’h’ represents the intercept of the model equation.

b  

Interval days represents the number of days between MRI and SPECT.

VOI: voxel of interest, CI: confidence interval, PC: posterior cingulate cortex, rt-Par: right parietal cortex, lt-Par: left parietal cortex , rCBF: regional cerebral blood flow
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Table 6. Final model using rCBF of VOI based on Aβ deposition by stepwise method with Akaike's information criterion (AIC)

rCBF Final model Odds ratio 95% CI 95% CI p value

Covariate

Aβ deposition 

≈

 a × rCBF + b

Lower Upper

a b

Intercept, b 

a

― ― 5.22 × 10 2.17

1.25 × 10 

3

1.48 × 10

－

2

*

rCBF_ltPar -6.353 3.955

1.74 × 10

－

3

2.58 × 10

－

5

1.18 × 10

－

1

3.12 × 10

－

3

**

Statistical significance was indicated as follows: *** for p < 0.001, ** for p < 0.01, and * for p < 0.05.

The cutoff value for the CSF Aβ42/40 ratio was set at 0.067 mg/dl [29].

Aβ deposition positivity was defined as CSF Aβ42/40 ratio of less than 0.067 mg/dl.

Aβ deposition negativity was defined as CSF Aβ42/40 ratio of 0.067 mg/dl or higher.

a  

Intercept 'b’ represents the intercept of the model equation.

VOI: voxel of interest, AIC: Akaike's information criterion, CI: confidence interval, lt-Par: left parietal cortex, 

rCBF: regional cerebral blood flow


