
Supplementary materials 5 
Verbal fluency indices 
Our analyses indicated that approximately normal distributions can be obtained for the verbal fluency indices (VFI) with a log transformation of 
the data. Cut-off values for the VFIs after log transformation are presented in Supplementary table 5.1. Normative data for the ECAS adjusted 
for age and level of education after log transformation of VFIs are presented in Supplementary table 5.2. Comparison with Table 4 demonstrates 
that the effect of the log transformation on the ECAS scores is small. Furthermore, the regression equations for the ECAS scores are presented in 
Supplementary table 5.3. Finally, percentile-ranks are presented for the ECAS total score, ALS specific score, and Verbal fluency score after log 
transformation of the VFIs in Supplementary tables 5.4 – 5.6. 
 
Supplementary table 5.1. Cut-off values for free and fixed and spoken and written verbal fluency indices after log transformation. 

VFI conversion to score - Letter free (T)  VFI conversion to score Letter fixed (N) 
Spoken VFI  Written VFI  Score  Spoken VFI  Written VFI  Score 

 ≥ 85.18   ≥ 141.99  0   ≥ 451.94   ≥  606.52  0 
44.52 to 85.18  65.40 to 141.99  2  194.37 to 451.94  264.77 to 606.52  2 
23.26 to 44.52  30.13 to 65.40  4  83.60 to 194.37  115.58 to 264.77  4 
12.16 to 23.26  13.88 to 30.13  6  35.96 to 83.60  50.46 to 115.58  6 

6.35 to 12.16  6.39 to 13.88  8  15.46 to 35.96  22.03 to 50.46  8 
3.32 to 6.35  2.94 to 6.39  10  6.65 to 15.46  9.62 to 22.03  10 

 < 3.32   < 2.94  12   < 6.65   < 9.62  12 
VFI Verbal fluency index. 

  



Supplementary table 5.2. Normative data for the ECAS adjusted for age and level of education after log transformation of VFIs. 
Age  < 65  ≥ 65 
Level of 
education 

 ISCED 0-4  ISCED 5-6  ISCED 0-4  ISCED 5-6 

  n = 198  n = 141  n = 229  n = 122 
 M sd Cut-off   M sd Cut-off   M sd Cut-off   M sd Cut-off  
 2.3% 5.0%  2.3% 5.0%  2.3% 5.0%  2.3% 5.0% 

ECAS  112.27 (9.41) 93 97  119.30 (7.43) 104 107  107.07 (10.96) 85 89  115.58 (8.53) 99 102 
ECAS ALS 
specific 

 82.97 (7.64) 68 70  88.06 (5.85) 76 78  78.73 (8.84) 61 64  85.81 (6.22) 73 76 

 Fluency  19.81 (2.28) 15 16  21.19 (1.79) 18 18  19.30 (2.38) 15 15  20.57 (2.19) 16 17 
* Based on traditional method for verbal fluency index conversion. ALS Amyotrophic lateral sclerosis; ECAS Edinburgh cognitive and behavioural screen; ISCED 
International standard of classification of education; M mean; n sample size; sd standard deviation 

  



Supplementary table 5.3. Multiple linear regression models for ECAS scores after log transformation VFIs. 
Dependent variable Independent variable B 95% CI SE B t p !(#) 
ECAS Intercept  101.63  89.99 113.27 5.93 17.14 < 0.001  
 Age * 6.23 2.21 10.25 2.05 3.04 0.002  
 Age2 * - 0.73 - 1.08 - 0.39 0.18 - 4.18 < 0.001  
 Level of education, ISCED 5-6 7.40 5.95 8.85 0.74 10.01 0.014  
 Sex, Male -1.78 -3.20 - 0.36 0.72 - 2.46 < 0.001  
        9.26 
ECAS ALS specific Intercept  74.10  64.76 83.45 4.76 15.57 < 0.001  
 Age * 4.74 1.51 7.97 1.64 2.88 0.004  
 Age2 * - 0.54 - 0.82 - 0.27 0.14 - 3.87 < 0.001  
 Level of education, ISCED 5-6 5.83 4.67 7.00 0.59 9.83 < 0.001  
 Sex, Male -1.20 - 2.34 - 0.06 0.58 - 2.07 0.038  
        7.43 
Verbal fluency Intercept  21.29 20.32 22.26 0.50 42.70 < 0.001  
 Age * - 0.23 - 0.37 - 0.08 0.07 - 3.08 0.002  
 Level of education, ISCED 5-6 1.34 0.99 1.68 0.18 7.64 < 0.001  
 Sex, Male - 0.50 - 0.84 - 0.17  0.17 - 2.94 0.003  
        2.20 
* Age in 10 years, B unstandardized estimate of regression coefficient, CI confidence interval, ISCED international standard classification of education, SE standard error, 
VFI verbal fluency index.  



Supplementary table 5.4 Normative data for the ECAS total score expressed as percentile 
rank scores after log transformation of VFIs. 
 

  < 65   ≥ 65 
  ISCED 0-4   ISCED 5-6   ISCED 0-4   ISCED 5-6 
0 0.00   0.00   0.00   0.00 
10 0.00   0.00   0.00   0.00 
20 0.00   0.00   0.00   0.00 
30 0.00   0.00   0.00   0.00 
40 0.00   0.00   0.00   0.00 
50 0.00   0.00   0.00   0.00 
60 0.00   0.00   0.00   0.00 
70 0.00   0.00   0.00   0.00 
71 0.00   0.00   0.00   0.00 
72 0.25   0.00   0.00   0.00 
73 0.51   0.00   0.66   0.00 
74 0.51   0.00   1.31   0.41 
75 0.51   0.00   1.31   0.82 
76 0.51   0.00   1.31   0.82 
77 0.51   0.00   1.53   0.82 
78 0.51   0.00   1.75   0.82 
79 0.51   0.00   2.18   0.82 
80 0.76   0.00   2.84   0.82 
81 1.01   0.00   3.06   0.82 
82 1.01   0.00   3.28   0.82 
83 1.01   0.00   3.71   1.23 
84 1.52   0.00   4.15   1.64 
85 2.02   0.00   4.59   1.64 
86 2.02   0.00   5.46   1.64 
87 2.02   0.00   6.77   1.64 
88 2.02   0.35   7.42   1.64 
89 2.02   0.71   8.08   1.64 
90 2.02   0.71   8.73   1.64 
91 2.02   0.71   8.95   1.64 
92 2.02   0.71   9.61   1.64 
93 2.53   0.71   10.04   2.05 
94 3.54   0.71   10.92   2.46 
95 4.55   0.71   12.45   2.87 
96 5.05   0.71   13.97   3.28 
97 5.81   0.71   15.07   3.69 
98 7.32   0.71   16.59   4.10 
99 8.59   0.71   19.00   4.10 

100 9.34   0.71   21.40   4.10 
101 10.86   1.06   24.02   4.10 
102 13.38   1.42   26.42   4.92 
103 16.16   2.48   29.04   6.56 
104 18.94   3.55   32.75   7.79 
105 20.96   4.61   37.12   8.61 
106 22.73   6.03   41.70   9.84 
107 25.00   7.09   45.85   11.89 
108 28.54   7.80   48.91   13.93 



109 32.07   9.22   52.62   16.80 
110 35.10   11.35   57.42   19.67 
111 38.64   13.83   61.57   21.72 
112 42.17   17.02   65.28   24.59 
113 45.96   19.86   68.78   28.28 
114 50.76   22.70   73.14   32.38 
115 55.81   25.18   76.42   38.11 
116 61.62   28.01   78.17   44.67 
117 67.42   31.21   80.57   50.00 
118 70.96   36.17   83.84   56.97 
119 73.48   42.20   87.12   64.75 
120 78.28   48.23   89.74   70.90 
121 84.09   54.96   92.36   75.82 
122 87.63   59.22   94.10   80.74 
123 90.66   63.12   96.07   84.43 
124 93.43   69.86   97.38   88.11 
125 94.95   76.60   98.03   92.21 
126 96.46   81.91   98.91   93.85 
127 97.98   86.88   99.56   95.49 
128 98.99   90.43   100.00   97.13 
129 99.49   93.62   100.00   98.36 
130 99.49   96.81   100.00   99.59 
131 99.49   98.94   100.00   100.00 
132 99.75   100.00   100.00   100.00 
133 100.00   100.00   100.00   100.00 
134 100.00   100.00   100.00   100.00 
135 100.00   100.00   100.00   100.00 
136 100.00   100.00   100.00   100.00 

  



Supplementary table 5.5. Normative data for the ALS specific score expressed as percentile 
rank scores after log transformation of VFIs. 
 

  < 65   ≥ 65 
  ISCED 0-4   ISCED 5-6   ISCED 0-4   ISCED 5-6 
0 0.00   0.00   0.00   0.00 
10 0.00   0.00   0.00   0.00 
20 0.00   0.00   0.00   0.00 
30 0.00   0.00   0.00   0.00 
40 0.00   0.00   0.00   0.00 
45 0.00   0.00   0.00   0.00 
46 0.25   0.00   0.00   0.00 
47 0.51   0.00   0.00   0.00 
48 0.51   0.00   0.00   0.00 
49 0.51   0.00   0.00   0.00 
50 0.51   0.00   0.00   0.00 
51 0.51   0.00   0.44   0.00 
52 0.51   0.00   0.87   0.00 
53 0.51   0.00   0.87   0.00 
54 0.51   0.00   1.31   0.00 
55 0.51   0.00   1.97   0.00 
56 0.51   0.00   2.40   0.00 
57 0.51   0.00   3.06   0.00 
58 0.51   0.00   3.49   0.00 
59 0.51   0.00   3.71   0.00 
60 0.51   0.00   4.15   0.41 
61 0.51   0.00   4.37   0.82 
62 0.76   0.00   5.02   0.82 
63 1.01   0.00   5.68   1.23 
64 1.26   0.00   6.11   1.64 
65 1.52   0.00   7.21   2.05 
66 2.02   0.00   8.30   2.46 
67 3.03   0.35   9.17   2.46 
68 3.54   0.71   9.83   2.46 
69 4.55   0.71   11.35   2.46 
70 5.56   0.71   13.32   2.46 
71 6.57   1.06   15.94   2.87 
72 8.59   2.13   19.65   3.28 
73 10.61   2.84   23.58   3.28 
74 12.12   2.84   28.17   3.28 
75 13.89   3.19   32.31   4.10 
76 18.43   3.90   35.59   5.74 
77 23.23   4.26   39.52   7.38 
78 26.26   6.03   43.89   9.02 
79 29.29   7.80   46.94   12.70 
80 32.07   9.57   51.53   15.98 
81 34.09   12.41   56.77   17.21 
82 36.87   14.89   60.26   21.72 
83 42.42   17.02   64.85   27.46 
84 48.99   20.21   68.78   31.15 
85 54.55   24.82   72.05   35.66 



86 59.34   28.37   76.64   40.98 
87 64.14   35.11   81.22   47.95 
88 69.70   44.68   85.81   56.15 
89 77.27   53.55   89.08   67.21 
90 84.85   60.64   91.92   78.28 
91 89.39   66.67   94.98   84.84 
92 91.67   72.70   96.94   89.75 
93 94.19   78.72   98.47   92.62 
94 96.72   85.82   99.34   94.26 
95 98.48   91.13   99.78   97.13 
96 99.49   94.33   100.00   99.59 
97 99.49   97.16   100.00   100.00 
98 99.49   99.29   100.00   100.00 
99 99.75   100.00   100.00   100.00 

100 100.00   100.00   100.00   100.00 
 
Supplementary table 5.6. Normative data for the Verbal fluency score expressed as 
percentile rank scores after log transformation of VFIs. 
 

  < 65   ≥ 65 
  ISCED 0-4   ISCED 5-6   ISCED 0-4   ISCED 5-6 
0 0.00   0.00   0.00   0.00 
5 0.00   0.00   0.00   0.00 
10 0.00   0.00   0.00   0.00 
11 0.00   0.00   0.00   0.00 
12 0.25   0.00   0.44   0.00 
13 0.51   0.00   0.87   0.00 
14 2.02   0.00   3.06   0.82 
15 3.54   0.00   5.24   1.64 
16 7.07   0.35   10.04   3.69 
17 10.61   0.71   14.85   5.74 
18 19.95   4.61   27.29   11.89 
19 29.29   8.51   39.74   18.03 
20 50.76   28.72   59.83   39.34 
21 72.22   48.94   79.91   60.66 
22 82.83   65.60   87.12   72.95 
23 93.43   82.27   94.32   85.25 
24 96.72   91.13   97.16   92.62 

 
  



Supplementary table 5.7. Normative data for ECAS total score, ALS specific score, and 
Verbal fluency score after log transformation of VFIs. 
 

%  ECAS ALS specific Fluency 
1 -31.00 -23.28 -5.85 
2 -26.36 -19.28 -5.41 
5 -16.58 -13.46 -3.77 

10 -11.25 -9.00 -2.87 
15 -8.68 -7.25 -1.77 
20 -6.56 -5.90 -1.46 
25 -5.13 -4.47 -1.24 
30 -3.39 -2.95 -1.09 
35 -2.14 -1.76 -0.87 
40 -0.98 -0.80 -0.56 
45 0.18 0.09 -0.04 
50 1.29 1.00 0.21 
55 2.19 1.79 0.44 
60 2.83 2.59 0.62 
65 4.04 3.50 0.78 
70 5.06 4.56 0.93 
75 6.34 5.43 1.20 
80 7.48 6.00 1.88 
85 8.95 6.99 2.38 
90 10.12 8.42 2.80 
95 12.59 10.61 3.40 
ALS Amyotrophic lateral sclerosis, ECAS Edinburgh cognitive and 
behavioural ALS screen. 
Note Residual scores = observed ECAS scores – expected ECAS scores. 
Expected scores can be calculated using the equations of the multiple 
linear regressions 

 


