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Distinct acoustic features in spinal and bulbar muscular atrophy patients with

laryngospasm
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Table 1-a. Profiles of the SBMA patients with laryngospasm

ALSFRS-R Norris Scale
Frequency of Disease CAG-repeat

Age at Age at
Patient laryngospasm duration length Testosterone,

evaluation, onset®, Bulbar
no. during 6 months from onset¢, in the AR gene, ng/dL Total LNS NBS

years years subscore?

before evaluation® years number

1 - 58 36 22 60 4.59 8 37 55 21
2 +H++ 68 35 33 48 5.69 8 34 NA NA
3 ++ 63 36 27 53 4.65 9 36 NA NA
4 ++ 58 55 3 54 5.61 12 48 62 39
5 ++ 62 50 12 51 6.75 10 42 59 33
6 ++ 72 67 5 43 4.95 10 41 52 31
7 ++ 58 48 10 45 3.75 8 35 39 26
8 ++ 58 49 9 NA 7.68 10 38 NA NA
9 ++ 60 45 15 NA 3.83 8 34 NA NA
10 + 29 23 6 53 10.85 11 45 60 39
11 + 43 33 10 48 9.53 11 45 60 38
12 + 63 44 19 48 7.07 9 37 46 33
13 + 71 66 5 43 6.42 11 43 53 30
14 + 50 30 20 46 5.13 10 36 41 24
15 + 63 59 4 46 6.67 9 38 48 28
16 + 53 38 15 NA 7.92 9 41 NA NA

Abbreviations: NA, not available; ALSFRS-R, revised amyotrophic lateral sclerosis functional rating scale; LNS, Limb Norris score; NBS, Norris Bulbar
score.

aFrequency of laryngospasm during the 6 months before the evaluation: ++++, more than once per day; +++, more than once per week; ++, more than once per
month; +, more than once per 6 months; and —, without laryngospasm.

bAge at onset was defined as the age at which a patient became aware of muscular weakness in any part of the body, including bulbar symptoms.

‘Disease duration from onset was defined as the period of time between the age at onset and evaluation.

9The bulbar subscore was calculated as the total number of items related to bulbar signs consisting of speech, salivation, and swallowing.




Table 1-b. Profiles of the SBMA patients without laryngospasm

Frequency of Disease CAG-repeat ALSFRS-R Norris Scale
Age at Age at
Patient laryngospasm duration length Testosterone,
evaluation, onset®, Bulbar
no. during 6 months from onset®, in the AR gene, ng/dL Total LNS NBS
years years subscore?
before evaluation® years number
17 - 40 37 3 50 12.02 12 44 59 38
18 - 48 46 2 47 10.29 10 44 57 34
19 - 40 34 6 49 8.04 12 48 58 37
20 - 73 14 59 46 8.01 11 45 60 38
21 - 59 50 9 51 4.78 12 43 54 37
22 - 39 22 17 52 4.55 11 44 62 38
23 - 37 30 7 54 4.54 12 45 59 37
24 - 72 60 12 45 4.78 11 42 56 36
25 - 50 30 20 49 4.60 10 43 61 36
26 - 69 54 15 49 5.47 11 39 43 34
27 - 48 38 10 45 9.44 11 41 61 28
28 - 73 69 4 40 6.46 11 43 58 32
29 - 61 55 6 46 10.03 12 43 49 32
30 - 47 38 9 50 13.11 10 39 51 26
31 - 54 40 14 51 6.82 12 41 53 32
32 - 47 38 9 50 4.31 10 42 53 28
33 - 77 63 14 46 5.80 5 26 27 21
34 - 56 40 16 51 4.55 10 39 50 30
35 - 58 48 10 45 4.53 8 37 45 27
36 - 55 48 7 NA 11.94 8 31 NA NA
37 - 61 49 12 NA 8.54 10 40 NA NA
38 - 58 39 19 48 6.99 10 37 NA NA
39 - 70 55 15 NA 5.96 8 35 NA NA

Abbreviations: NA, not available; ALSFRS-R, revised amyotrophic lateral sclerosis functional rating scale; LNS, Limb Norris score; NBS, Norris Bulbar
score.

aFrequency of laryngospasm during the 6 months before the evaluation: ++++, more than once per day; +++, more than once per week; ++, more than once per
month; +, more than once per 6 months; and —, without laryngospasm.

bAge at onset was defined as the age at which a patient became aware of muscular weakness in any part of the body, including bulbar symptoms.

‘Disease duration from onset was defined as the period of time between the age at onset and evaluation.

9The bulbar subscore was calculated as the total number of items related to bulbar signs consisting of speech, salivation, and swallowing.




Table 2. Clinical and genetic features of the 39 patients with spinal and bulbar muscular

atrophy
SBMA patients (n=39)
All Without With With vs. without
Demographic
(n=39) laryngospasm (n=23) laryngospasm (n=16) laryngospasm
mean + SD (range) mean + SD (range) mean =+ SD (range) P
Age at evaluation, years  56.9 + 11.4 (29-77) 56.2+12.1 (37-77) 58.1+10.7 (29-72) 0.423
Age at onset?, years 43.5+12.2 (14-66) 42.9+12.3 (14-63) 44.4 +12.5 (23-66) 0.943
Disease duration
13.1£10.2 (2-59) 12.8+11.2(2-59) 13.4 £ 8.8 (3-33) 0.667
from onset, years
CAG-repeat length
48.5 + 3.9 (40-60) 48.243.2 (40-54) 49.1+4.9 (43-60) 0.853
in the AR gene, number
Testosterone, ng/dL 6.8+2.5(3.8-13.1) 72+2.8(4.3-13.1) 6.3+2.0(3.8-10.9) 0.493
ALSFRS-R
Speech 34+0.6(2-4) 35+£0.6 (24 34+0.53-4) 0.473
Salivation 32+0.9(0-4) 33+1.0(0-4) 3.0+0.7 (2-4) 0.074
Swallowing 34+0.6(2-4) 35+£0.6 (24 32+0.5(24) 0.108
Bulbar subscore® 10.0+ 1.6 (5-12) 103+ 1.7 (5-12) 9.6+1.3(8-12) 0.054
Total 40.0 £ 4.6 (26-48) 40.5+4.9 (26-48) 39.4+4.3 (34-48) 0.229
Norris Scales
Limb Norris score 53.0£8.1 (27-62) 53.5+8.4 (27-62) 52.3+£7.9 (39-62) 0.961
Norris Bulbar score 32.1+5.3(21-39) 32.7+£4.9 (21-38) 31.1+6.1(21-39) 0.844

Abbreviation: ALSFRS-R, revised amyotrophic lateral sclerosis functional rating scale. *Age at onset was defined as the age at which a patient became aware of muscular weakness in any part of the body,

including bulbar symptoms.*Disease duration from onset was defined as the period of time between the age at onset and evaluation.

“The Bulbar subscore was calculated as the total number of items related to bulbar signs consisting of speech, salivation, and swallowing.

Table 3. Perceptual assessments in the SBMA patients with and without laryngospasm

SBMA patients (n=39)

All Without With With vs. without
Parameters
(n=39) laryngospasm (n=23)  laryngospasm (n=16)  laryngospasm
mean + SD (range) mean + SD (range) mean + SD (range) P
Hypernasality 1.86 + 1.74 (1-3.5) 1.89 + 1.69 (1-3.5) 1.81 + 1.86 (1-3) 0.662
Hoarseness
(GRBAS scale)
G 1.14+0.84 (0-3) 1.13£0.71 (0-2) 1.17 + 1.03 (0-3) 0.921
R 1.04 £ 0.89 (0-3) 1.04 £ 0.60 (0-2) 1.03 £ 1.07 (0-3) 0.724
B 0.35+0.54 (0-2) 0.39 % 0.60 (0-2) 0.28 +0.45 (0-1) 0.746
A 0.19+0.44 (0-1.5) 0.28 £ 0.51 (0-1.5) 0.06 £ 0.25 (0-1) 0.301
S 0.51+0.68 (0-3) 0.30 +0.39 (0-1) 0.81 +0.89 (0-3) 0.084

Abbreviations: G, grade; R, roughness; B, breathiness; A, asthenia; S, strain. Hypernasality scale: 1, normal; 2, mild hypernsality; 3, moderate hypernsality; and 4, severe hypernsality; GRBAS scale: 0, normal; 1,
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mild deviance; 2, moderate deviance; and 3, severe deviance

Table 4. Relationships between the acoustic parameters and clinical background in the patients
with SBMA

FO Jita ShdB VTI NHR
Demographic
r P r P r P r P r P
Age at evaluation, years 0.336 0.042 0.059 0.727 0.227 0.177 0.146 0.388 -0.108 0.526
Disease duration from
-0.070  0.680 0.221 0.189 0.093 0.583 -0.210 0.211 -0.090 0.596
onset®, years
Testosterone, ng/dL 0.103 0.542 0.061 0.721 0.086 0.613 -0.069 0.683 0.069 0.683
Frequency for the last 6
0.099 0.558 -0.319 0.055 -0.320 0.053 -0.305 0.066 -0.460 0.004
months of laryngospasm
ALSFRS-R
Speech 0.019 0.909 -0.061 0.719 0.011 0.949 0.056 0.742 -0.074 0.665
Salivation 0.016 0.923 0.129 0.447 0.113 0.507 0.078 0.647 0.106 0.532
Swallowing -0.176  0.298 -0.062 0.714 0.027 0.874 -0.111 0.514 0.224 0.182
Bulbar subscore” -0.064  0.708 0.029 0.863 0.097 0.569 0.034 0.841 0.115 0.497
Total -0.235  0.161 -0.075 0.659 -0.011 0.950 0.028 0.867 0.047 0.783
Norris Scales
Limb Norris score -0.144  0.482 -0.240 0.219 -0.324 0.093 -0.194 0.342 -0.382 0.054
Norris Bulbar score -0.178  0.385 -0.048 0.810 -0.082 0.679 -0.255 0.208 -0.084 0.682

Abbreviations: ALSFRS-R, revised amyotrophic lateral sclerosis functional rating scale; F0, the average fundamental frequency; Jita, absolute jitter; ShdB, shimmer
in dB; VTI, voice turbulence index; NHR, noise-to-harmonic ratio. “Disease duration from onset was defined as the period of time between the age at onset and

evaluation. "The bulbar subscore was calculated as the total number of items related to bulbar signs consisting of speech, salivation, and swallowing

Table 5. Receiver operating characteristic curve for laryngospasm

Variables FO Jita ShdB VTI NHR
Optimal cutoff point 137.061 70.799 0278 0.302 0.142
Sensitivity, % 58.6 78.6 76.9 69.2 71.4

Specificity, % 312 65.2 64.7 429 783

AUC 0.453 0.705 0.694 0.674 0.767
(95% CI) (0.251-0.655)  (0.536-0.874)  (0.515-0.873)  (0.498-0.849)  (0.615-0.919)
SE 0.103 0.086 0.091 0.090 0.077
p value 0.639 0.017 0.050 0.079 0.007

Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; SE, standard error; FO, the average fundamental frequency; Jita, absolute jitter; ShdB, shimmer in dB;
VTI, voice turbulence index; NHR, noise-to-harmonic ratio.

The AUC, which goes from 0.5 to 1.0, is a measurement value reflecting how good the test is for distinguishing between patients with and without symptom. The closer the AUC is
toward 1, the better the overall diagnostic performance of the test (greater than 0.9, high accuracy; 0.7-0.9, moderate accuracy; and 0.5-0.7, low accuracy). When the value of an

MDVP parameter is lower than each optimal cutoff point, laryngospasm is considered to be present. Receiver operating characteristic curve itself is shown as Figure 2.
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Figure 1. Acoustic parameters in the SBMA patients with and without laryngospasm

The box plots show the distributions of (A) FO0, (B) Jita, (C) ShdB, (D) VTI, and (E) NHR calculated by acoustic analysis. The line inside the box marks the median, the whiskers
show the 25th and 75th percentiles, the lines from the box show the 10th and 90th percentiles, and the dots are the outlying points.

Abbreviations: F0, the average fundamental frequency; Jita, absolute jitter; ShdB, shimmer in dB; VTI, voice turbulence index; NHR, noise-to-harmonic ratio.
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Figure 2
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Figure 2. Receiver operating characteristic curve in the SBMA patients with and without laryngospasm
ROC curve of SBMA patients with and without laryngospasm using (A) F0, (B) Jita, (C) ShdB, (D) VTI, and (E) NHR are shown.
The curve is obtained by calculating the sensitivity and specificity of the test at every possible cut-off point, and plotting sensitivity against 1-specificity. Sensitivity (the proportion
of true positive results) is shown on the y axis, going from 0 to 1 (0-100%), and 1-specificity (the proportion of false positive results) is shown on the x axis, going from 0 to 1
(0-100%). The best cut-off point for balance the sensitivity and specificity of a test is the one closest to the (0, 1) point. The two circles show each statistically significant optimal
cut-off point as demonstrated in Table 5.

Abbreviations: F0, average fundamental frequency; Jita, absolute jitter; ShdB, shimmer in dB; VTI, voice turbulence index; NHR, noise-to-harmonic ratio.
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