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ABSTRACT 

Norwegian mortality data (underlying and contributory cause) from 
1951-65 have been compiled for multiple sclerosis, paralysis agitans, 
and pernicious anemia. Disability pension data as of Jan. 1, 1966, have 
been adduced for the first two diseases and municipality rates com- 
puted. For amyotrophic lateral sclerosis underlying cause mortality is 
presented. Place of birth has  been ascertained for those who died with 
multiple sclerosis. The emphasis is on the geographic distribution of 
multiple sclerosis and pernicious anemia. The findings of the present 
study broadly confirm those of previous studies of the two conditions. 
They have a similar, but apparently not identical, pattern. I t  is sug- 
gested that  a test be made of the hypothesis that  properties of the soil 
is involved in  the etiology of multiple sclerosis. Six pairs of one high- 
risk and one low-risk municipality are proposed for investigation. 
Multiple sclerosis mortality has  been dcclining during the period 1951- 
68. Paralysis agitans showed no distinct geographic pattern, although 
the county mortality variations were similar to those of multiple scle- 
rosis. The mortality from paralysis agitans has not shown any de- 
creasing tendency, and there is no convincing negative association with 
lung cancer. 

INTRODUCTION 

In 1934 Stub  analyzed the mortality from pernicious anemia in Norway 
during the period 1896-1930. He found much higher rates in the south- 
east part of the country than in the west and north. 
Swank et al. (1952) reported the incidence of multiple sclerosis in 

Norway during 1935-48, based on a survey of hospitals and neurolo- 
gists. The geographic differences were distinct and similar to those 
described by Stub for pernicious anemia. 

Later, Kolstad (1955) has reported a survey of pernicious anemia in 
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Table I. 
Number of deaths and number 

November 1,1960 Deaths 

County 

1 Ostfold 
2 Akershus 
3 Oslo 
4 Hedmark 
5 Oppland 
6 Buskerud 
7 Vestfold 
8 Telemark 
9 Aust-Agder 

10 Vest-Agder 
11 Hogaland 
12 Hordaland 
13 Bergen 
14 SognogFjordane 
15 More og Romsdal 
16 Sor-Trondelag 
17 Nord-Trondelag 
18 Nordland 
19 Troms 
20 Finnmark 

Per cent 
born in same 

Population 

County Muni- cipality 

202,641 80.8 53.3 
233,747 52.4 41.7 
475,562 54.1 54.1 
177,195 86.5 67.5 
166,109 86.3 67.9 
168.328 76.6 60.1 
174,362 70.8 48.5 
149,828 82.5 57.6 

77,061 84.6 62.7 
108,876 77.2 55.4 
238,662 86.3 61.9 
225,296 77.7 60.9 
115,689 65.1 65.1 
99,844 90.3 74.1 

213.027 88.7 66.5 
211,648 82.4 58.2 
116,635 86.0 66.2 
237,193 89.7 65.4 
127,549 88.5 67.7 
71,982 83.0 67.9 

290 
Pernicious 

anemia 
Under- Contr. 
lying 1955- 

28 75 
26 54 
57 162 
35 77 
19 102 
30 93 
32 88 
21 74 
16 33 
20 35 
15 63 
14 39 
8 37 
9 36 

20 46 
26 53 
12 42 
19 48 
10 16 
6 9 

3,591,234 76.9 59.7 423 1,182 

Buskerud, which is one of the high-risk counties. Oftedal (1965) has 
analyzed thc prevalence of multiple sclerosis in Vestfold county and 
Presthus (1966) in More and Romsdal county, based on personal exa- 
mination of the patients. 

The primary purpose of the present study is to see what light can be 
thrown upon the distribution of the two diseases by means of mortality 
data from later years and, in the case of multiple sclcrosis, by means 
of disability insurance data. Cancer of the thyroid will be shown as a 
contrast, because it has nearly the opposite distribution, This disease 
has previously been discussed by Pedersen (1956). Finally, data will 
be given for two diseases with no distinct regional pattern: Paralysis 
agitans and amyotrophic lateral sclerosis. 



Counties of Norway 
of cases of certain conditions 

1951-65 Disability New cases 
Jan. 1,1966 1953-61 

194 
Cancer 

of 
Under- Contr. Under- Contr. Under- scl. agit. thyroid 

345 350 356.1 
Multiple Paralysis Amyotr. 345 350 
sclerosis agitans lat. scl. Mult. Paral. 

lying 1954- lying 1956- lying 

58 
56 

120 
34 
81 
48 
35 
54 
25 
29 
36 
24 
20 
16 
33 
66 
28 
33 
20 

7 

7 
12 
25 
15 
8 

11 
5 
8 
8 

11 
10 
13 
6 
0 
4 

11 
8 

11 
0 
4 

72 
67 

150 
51 
71 
56 
59 
64 
55 
43 
89 
64 
37 
41 
59 
81 
48 
58 
27 

8 

58 
5.5 

149 
43 
69 
41 
48 
43 
28 
30 
56 
71 
44 
27 
63 
64 
53 
68 
35 
8 

19 
25 
66 
22 
14 
30 
22 
11 
3 

14 
20 
25 
14 

7 
22 
22 
10 
20 
10 

4 

91 
97 

161 
67 

108 
88 
79 
71 
37 
52 
82 
50 
17 
27 
72 

103 
58 
63 
23 

7 

50 
64 
82 
46 
57 
36 
32 
53 
22 
24 
45 
58 
19 
31 
62 
64 
42 
58 
34 
18 

23 
29 
97 
25 
20 
24 
24 
21 
8 

13 
29 
38 
38 
14 
42 
36 
23 
49 
34 
29 

820 177 1,200 1,053 380 1,353 897 616 

MATERIAL AND METHODS 

In 1951 the mortality statistics of Norway introduced the Sixth Revision of the 
International Statistical Classification, thereby providing separate groups for  such 
conditions as multiple sclerosis and amyotrophic lateral sclerosis. Around 1955 
coding of contributory causes and complications mentioned on the certificate was 
introduced. (Not more than three causes codcd per certificate). For each year 
since 1951 the Central Bureau of Statistics has prepared lists of all deaths in Nor- 
way, giving the cause or causes coded for each death in  addition to such infor- 
mation as  date of birth and municipality of death. The Institute has  examined the 
lists from the years 1951-65, extracting data on all deaths with one of the following 
causes 

290 Pernicious anemia. Contributory cause included 1955-65 
345 Multiple sclerosis. Contributory cause included 1954-65 
350 Paralysis agitans. Contributory cause included 195665  
356.1 Amyotrophic lateral sclerosis. Underlying cause only. 



Deaths in  1966-68 (underlying and contributory cause) have been included in  the 
tables showing mortality time trends. 

For nearly all deaths from multiple sclerosis 1951-65 the place of birth was 
ascertained from the population registers. 

The National Health Service of Denmark supplied information on deaths in  the 
Faroe Islands 1961-65. Otherwise, death rates for countries other than Norway 
have been compiled from official reports. 

13- 

I 
Figure I .  Location of the twenty counties of Norway. 



Disability data for multiple sclerosis and paralysis agitans have been obtained 
from the State disability pension file, kept by Rikstrygdeverket in Oslo since 1961. 
Rikstrygdeverket has  supplied tabulations of assisted persons by cause, sex, and 
age, and by  cause and municipality, as of January 1, 1966. Nearly all recipients 
are less than 70 years of age. On the whole, the diagnosis may be more accurate in 
these cases than on the death certificates, but the proportion of diagnosed cases 
included in  the pension file may vary from county to  county. Thus, the relatively 
low disability prevalences in the two wholly urban counties-Oslo and Bergen- 
probably reflect a better chance of pFeserving full earning capacity in  early stages 
of the disease. 

Cases of thyroid cancer diagnosed in Norway during the years 1953-61 are tabu- 
lated by age and by county in  the publications of the Cancer Registrg of Norwag 
(1961.1964). 

Table 1 summarizes the  basic Norwegian data by county. The table also shows 
the percentages of the population who at  the last census stated that  they had been 
born in the same county and in  the same municipality. The location of the coun- 
ties is shown in Figure 1. 

The deaths in  each county, underlying as well as  contributory causes, have been 
related to the census population on November 1, 1960, and standardized for age and 
sex by the indirect method using rates for  Norway as  standards. In  addition, con- 
tributory causes were related to the number of deaths from all causes in each 
county during the period in  question, with adjustment for age and sex. These two 
procedures for dealing with contributory causes gave similar results, and only the 
rates based on the 1960 population have been used. Total mortality rates were ob- 
tained by adding deaths where a certain cause was coded as  either underlying or 
contributory. 

The disability cases have been related to  the county populations as  of December 
31, 1965, and adjusted for age and sex. 

The urban-rural comparisons were made for deaths only, and the municipalities 
have been classified as in  the census of 1960. Because of the changes in  the muni- 
cipality structure during the period 1961-65 the  urban rates may be slightly biased 
upwards. 

Comparisons coast-inland were obtained by an arbitrary classification of munici- 
palities based on map inspection. For deaths the 1960 and for disability cases the 
1965 municipalities have been used, with adjustment for age and sex. 

In the standardization of both urban-rural and coast-inland rates the rates for 
the whole country have been used as standards. 

In  order to  describe the geographic distribution more precisely crude rates have 
been computed for each municipality for pernicious anemia, multiple sclerosis, and 
paralysis agitans. For the latter two conditions deaths and disability cases have 
been combined. In these computations the municipalities have been defined as 
those in  existence on December 31, 1965, but with their populatlon estimated as  of 
1960. In the years between 1960 and 1965 some re-organization of the municipalities 
took place, mostly but not exclusively in the  form of mergers. In some instances 
an appropriate denominator for the combined 1951-65 deaths and 1966 disability 
cases can hardly be defined. All multiple sclerosis rates were re-computed with the 
December 31, 1965 population as  denominator, but with negligible effect on thc 
distribution shown in Figures 6 and 7. 

Multiple sclerosis deaths by place of birth were related to  the census population 
of November 1, 1960, by place of birth. In these rates the numerator refers to place 
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Table 2. Aue-sex adjusted ratio Observed/Expected 
U.: Ratio based on deaths with 
C. : Ratio based on deaths with 

County 

290 
Pernicious 

anemia Mortality 

345 
Multiple sclerosis 

Mortality 

u. C. Total U. C. Total 

1 Ostfold 1.24 1.18 1.20 1.21 .68 1.12 
2 Akershus 1.26 .93 1.02 1.09 1.16 1.12 
3 Oslo .99 1.01 1.00 .97 .92 .96 
4 Hedmark 1.55 1.21 1.30 .81 1.63 .96 
5 Oppland .91 1.74 1.52 2.10 .94 1.89 
6 Buskerud 1.38 1.52 1.49 1.11 1.23 1.12 
7 Vestfold 1.55 1.53 1.53 .87 .58 .82 
8 Telemark 1.06 1.33 1.26 1.51 1.02 1.41 
9 Aust-Agder 1.29 -95 1.04 1.36 1.90 1.45 
10 Vest-Agder 1.43 .90 1.04 1.20 2.10 1.36 

12 Hordaland .56 .56 .56 .51 1.30 .65 
13 Bergen .54 .90 .81 .71 .96 .76 
14 SognogFjordane .57 -83 .76 .70 - .57 
15 MBre og Romsdal .77 .64 .67 .72 .41 .67 
16 Siir-Triindelag 1.04 -76 .83 1.37 1.06 1.32 
17 Nord-Trihdelag .83 1.04 .98 1.10 1.44 1.16 
18 Nordland .74 .67 .69 .67 1.04 .73 
19 Troms .80 .46 .55 .77 - .64 
20 Finnmark 1.18 .62 .77 .52 1.41 -69 

11 Rogaland .59 .88 -81 .71 .93 .75 

of occurrence and the denominator to residence of mother at birth, but  this distinc- 
tion is hardly of importance in the present material. A slight bias in  favour of 
urban areas is to be expected. 

Spearman’s rank correlation coefficients are used throughout. 

RESULTS 

Table 2 gives the age-sex adjusted ratios between observed cases and 
cases expected on basis of Norwegian ratcs in each county for the vari- 
ous diseases and the various sources of data. For paralysis agitans 
separate ratios are given for mortality at age under 70. 

a) Consistency of Indices 

the various types of data. 
We consider first the consistency of the variations among counties in 



for  various conditions in the counties of Norway 
condition as underlying cause 
condition as contributory cause 

~~~~~~ ~ 

350 194 

Amyotroph. of 
Paralysis agitans 356.1 Cancer 

Dis- Mortality Dis- lat. scl. thyroid 
All ages Age<7O ability Mortality Inti- 

dence 

ability 

U. C. Total Total 

1.15 1.06 .98 1.03 .97 .93 .85 .66 
1.04 1.08 1.02 1.05 1.12 1.17 1.13 .81 

.78 .87 1.01 .93 .89 .59 1.14 1.02 
1.02 .79 .76 .77 .78 1.01 1.10 .81 
1.76 1.21 1.32 1.26 1.22 1.35 .77 .70 
1.23 .90 .75 .83 .87 .74 1.58 .79 
1.31 1.00 .92 .96 .78 .79 1.18 .79 
1.25 1.13 .86 1.00 1.06 1.36 .66 .78 
1.30 1.66 .94 1.32 1.06 1.08 .33 .54 
1.30 1.14 .89 1.02 1.00 .90 1.25 .70 

.96 1.23 .88 1.07 1.16 .82 .87 .76 

.63 .93 1.17 1.04 .95 1.14 1.16 1.08 

.3 7 .8 7 1.19 1.01 1.08 .62 1.06 1.70 

.76 1.02 .75 .89 .89 1.23 .63 .77 

.97 .85 1.03 .94 1.03 1.26 1.04 1.20 
1.28 1.15 1.04 1.10 1.17 1.21 .98 .99 
1.43 1.22 1.52 1.36 1.29 1.52 .85 1.20 

.77 .82 1.09 .94 1.09 1.08 .87 1.33 

.53 .75 1.11 .92 1.00 1.24 .85 1.79 

.30 .50 .58 .54 .64 1.30 .69 3.22 

Table 1 shows that total deaths are differently split on underlying 
and contributory cause in the various counties. The heterogeneity x 2  
(19 degrees of freedom) is as follows: 

Multiple sclerosis: 40.8 (P=.003) 
Pernicious anemia: 27.2 (P=.lO) 
Paralysis agitans: 28.8 (P=.O8) 

Thus multiple sclerosis, despite having the smallest number of 

The rank correlation coefficients for the Observed/Expected ratios 
deaths, gives the most significant evidence of heterogeneity. 

of the 20 counties in Table 2 are as follows: 

Pernicious anemia 

Multiple sclerosis 
Underlying versus contributory mortality: +.56 

Underlying versus contributory mortality: +.15 
Total mortality versus disability prevalence: +.82 



Paralysis agitans 
Underlying versus contributory mortality: +.13 
Total mortality versus disability prevalence: +.17 
Total mortality age <70 versus disability prevalence: +.34 

The correlations between underlying and contributory rates, al- 
though positive, are unimpressive. Nevertheless, when the counties are 
grouped into regions, as in Table 3, we find that the two types of death 
give roughly similar contrast. In what follows we shall discuss total 
mortality rates only. 

Table 3. Ratio Obserued/Expected deaths in groups of counties f o r  
underlying and for  contributory cause 

Pernicious Multiple Paralysis 
anemia sclerosis agitans 

Under- Contri- Under- Contri- Under- Contri- 
lying butory lying butory lying butory 

Counties 

1-1 0 1.22 1.22 1.16 1.10 1.02 .96 
11-15 .62 .83 -66 .79 .99 1.01 
16-17 .96 .86 1.28 1.19 1.18 1.21 
18-20 3 1  .60 .67 3 0  -76 1.03 

The good correlation for multiple sclerosis between mortality rate 
and disability prevalence ratio provides strong evidence for real geo- 
graphic differences. On the other hand, the weak correlation for para- 
lysis agitans represents a warning against attaching too much impor- 
tance to the variations of the ratios in Table 2 for this disease. 

For multiple sclerosis there was a positive association within coun- 
ties as well between crude municipality disability ratios and mortality 
rates. The correlation coefficients ranged from -.02 to + .59 for the 18 
counties outside Oslo and Bergen. 

b) Pernicious Anemia 

This disease, even if diagnosed, is not regularly entered on the death 
certificate. Glattre (1967) found in a follow-up of patients hospitalized 
for pernicious anemia in Oslo that the disease was mentioned on only 
31 per cent of the death certificates, It is therefore surprising that the 
county differences in Table 2 are very similar to those described by 
Stub (1934) for the period 1896-1930. The rank correlation coefficient 
among counties for Observed/Expected in 1951-65 and crude rate in 
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1896-1930 is +.77. Figure 2 shows the county distribution of the pre- 
sent study. 

The various age/sex groups showed roughly the same regional con- 
trasts as the total material. Also, the periods 1956-60 and 1961-65 gave 
similar results. 

OBS/EXP 

1.25 - @ 

.75 - 1.24 @ 

0 a - .74 

Figure 2. Pernicious anemia-Total mortality. 
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Figure 3. Pernicious anemia mortalitU in municipalities of southern Norway. Deaths 
1951-65 per 1,000 estimated population in 1960. Contributory cause included 1955-. 



Table 4 gives the coast-inland and urban-rural contrasts in groups 
of counties. 

Table 4. Pernicious anemia  
Deaths 1951-65 (contributory cause included 1955-65) per 10,000 population in 1960 
Age-sex adjusted rates in groups of counties for coastal and inland municipalities 

and for urban and rural municipalities 
~ 

Counties 

~ 

Municipalities Municipalities 
Coastal Inland Urban Rural 

1- 6 (East Norway) 4.8 5.8 
7-10 (South Coast) 5.3 6.1 5.8 5.6 

11-15 (West Coast) 3.0 4.0 3.8 2.8 
16-17 (TrBndelag) 3.2 4.2 4.0 4.0 
18-20 (North Norway) 2.4 4.2 2.6 3.0 

In all county groups the inland rates are higher than coastal rates, 
but the differences tend to be smaller than the differences between 
regions. Urban-rural differences are small. 

Crude mortality rates for the municipalites of Southern Norway are 
shown in Figure 3. 

It is, of course, very difficult to draw any conclusions. as to incidence 
time trend on the basis of mortality data for a disease so erratically 
mentioned on the death certificate. The death rates of Table 5 show a 
declining trend during 1955-68. 

Table 5.  Pernicious anemia 
Deaths (underlying + contributory) per 100,000 yer year, standardized within 

each sex for changes in age 

Males Females 

1955 

1961-65 
1956-60 

1966-68 

3.36 
3.28 
3.49 
2.90 

4.60 
4.50 
3.89 
3.64 

c) Mulf ip le  Sclerosis 
No formal Norwegian follow-up data are available as to how fre- 

quently this disease is mentioncd on the death certificate of multiple 
sclerosis patients. However, there is no doubt that the disease, when 
diagnosed, is much oftener mentioned than pernicious anemia. The 
findings of Stazio et  al. (1964, 1967) in  Winnipeg (90 per cent) and in 
New Orleans (73 per cent) may be roughly applicable to Norway. 

30 ACTA NEUROI.. SCAHD. 46, 4-5 
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The county differences in the present study are very similar to the 
incidence differences found by Swank et al. (1952). The crude inci- 
dence rates were computed for each county from the data of that 
study, (made available to us by Dr. Julie Backer). The rank correla- 

O B S / E X P  

1.25 - 0 

-1 .75 - 1.24 Q 

0 L...! - .74 

Figure 4 .  Multiple sclerosis-Total mortalitg. 
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tion coefficient was + .79 with the age-sex adjusted mortality ratios in 
Table 2 and +.80 with the disability ratios. Of course, many of the 
patients from the study by Swank et al. are included in either the 
mortality or the disability data of the present study. 

OBS/EXP 

0 1.25 - 
8 -1 .75 - 1.24 

QU - .74 

Figure 5 .  Multiple sclerosis-Disability. 

30 
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The county distributions from Table 2 of the 1951-65 mortality and 
the 1966 disability- are shown in Figures 4 and 5. 

The various age-sex groups and the three li-year secular groups of 
the mortality data gave roughly the same regional pattern. 

Table 6 show-s that both urban-rural and coast-inland differences 
are smaller than the regional differences. The inland rates are higher 
than the coastal rates in all regions and in both mortality and dis- 
ability data. 

Table 6. Multiple sclerosis 
Age-sex adjusted rates in groups of counties for coastal and inland municipalities 

and for urban and rural municipalities 
a) Deaths 1951-65 (contributory causes included 1954-66) per 10,000 population 

b) Disability cases 1966 per 10,000 population 1966 
in 1960 

Deaths Disability 
Counties Municipalities Municipalities Municipalities 

Urban Rural Coastal Inland Coastal Inland 

1- 6 (EastNorway) 2.7 3.5 
7-10 (South Coast) 2.1 3.9 2.9 3.9 4.5 4.8 

11-15 (West Coast) 1.8 1.9 1.8 a.3 2.5 3.8 
16-17 (Triindelag) 3.0 3.7 3.3 3.6 3.3 6.2 
18-20 (North Norway) 2.6 1.8 1.6 2.5 1.7 3.5 

The information on place of birth of the persons who died with mul- 
tiple sclerosis, showed that 76.7 per cent were born and died within 
the Same county, and 56.8 per cent within the same municipality. These 
percentages are nearly the same as those found for place of birth of 
persons enumerated in the 1960 census (Table 1). The variation of 
the percentages among counties was also very similar to the census 
data, The multiple sclerosis patients were on the average about 20 years 
older at death than the mean age at census of the population, but the 
percentage born in the county of death decreased only slightly with 
age, being 73.2 at age 70 or over. 

In Table 7 the multiple sclerosis deaths are distributed by county of 
birth, The resulting rates are very similar to the ordinary crude death 
rates computcd from the data of Table 1. 
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Table 7 .  Multiple sclerosis deaths 1951-65 by county of birth 

County 

Death 
Number born in county from 

rates 
Table 1 Multiple per Census 

population sclerosis lo’ooo (per IO,OOO 

Deaths 

1960 deaths i n  15 years) 

1 Ostfold 
2 Akershus 
3 Oslo 
4 Hedmark 
5 Oppland 
6 Buskerud 
7 Vestfold 
8 Telemark 
9 Aust-Agder 

10 Vest-Agder 
11 Rogaland 
12 Hordaland 
13 Bergen 
14 SognogFjordane 
15 More og Romsdal 
16 Sor-Trondelag 
17 Nord-Tr6ndelag 
18 Nordland 
19 Troms 
20 Finnmark 
Outside Norway 
Unknown 

208,610 
171,892 
332,645 
209,390 
186,209 
155,841 
156,578 
153,711 
88,698 
101,557 
231,039 
222,072 
116,222 
122,641 
223,874 
212,013 
127,929 
268.113 
142,236 
77,406 
62,196 

362 

73 
63 
93 
66 
89 
57 
36 
65 
41 
36 
38 
34 
22 
24 
46 
73 
38 
53 
22 
11 
16 
1 

~~ 

3.5 
3.7 
2.8 
3.2 
4.8 
3.2 
2.3 
4.2 
4.6 
3.5 
1.6 
1.5 
1.9 
2.0 
2.1 
3.4 
3.0 
2.0 
1.5 
1.4 
2.6 

~ 

3.2 
2.9 
3.0 
2.8 
5.4 
3.3 
2.3 
4.1 
4.3 
3.7 
1.9 
1.6 
2.2 
1.6 
1.7 
3.6 
3.1 
1.9 
1.6 
1.5 

3,591,234 997 2.8 2.8 

On the basis of Table 2 seven of the counties were designated as 
“high-risk” and eight as “low-risk”. Table 8 shows rates for those pa- 
tients who were born and died within each of these categories as well 

Table 8. Multiple sclerosis deaths 1951-65 bg risk group of county o f  residence at 
death and county of birth, related to 1960 census population 

High-risk counties: Numbers 5, 6, 8, 9,10, 16, 17 
Low-risk counties: Numbers 11,12,13, 14,15,18, 19, 20 

Residence a t  Place of birth 
death/census High-risk county Low-risk county 

High-risk county 355/880186 = 4.03 12/52577 = 2.28 
Low-risk county 8/33920 = 2.36 224/1264282 = 1.77 
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as for those who had moved from one to the other. The denominator is 
computed from the 1960 census cross-tabulations of county of 1960 
residence by county of birth. 

We see that the two migration categories have nearly identical rates 
which fall between the high-risk and the low-risk rates. The numbers 
are small, and no adequate information is available on individual age 
at migration. Mean age at death was 64 years for the 12 persons who 
had moved from high-risk to low-risk counties, not significantly differ- 
ent from the mean age of 54 years for the 8 who had moved in the 
opposite direction. 

Table 9 shows the age-adjusted moptality time trend in Norway. 
There is a decline during the period 1954-68 for both males and fe- 
males. Whether this is the result of a previous incidence decline or of 
improved survival-or even of changes in accuracy of certification- 
is uncertain. 

Table 9. Multiple sclerosis 
Deaths (underlying + contributory) per 100,000 per year, standardized within each 

sex for changes in age 
In parentheses: Number of deaths 

Males Females 

1954-55 2.16 ( 72) 2.01 ( 69) 
1956-60 2.05 (178) 1.97 (174) 
1961-65 1.90 (175) 1.79 (166) 
1966-68 1.82 (106) 1.80 (105) 

Crude mortality time trends (underlying cause only) are shown for 
four countries in Table 10. It appears that in Scotland the decline has 
been similar to that of Norway. In Sweden and Denmark, although the 
1966-67 rates are lower than in 1951-55, there is no convincing trend. 

Crude rates for Norwegian municipalities, obtained by combining 

Table 10. Multipte sclerosis 
Crude death rates per 100,000 per year, underlying cause only. 

Time trend in various countries 
~~~ ~~~ ~~~ ~ 

Years Norway Sweden Denmark Scotland 
~~ ~ 

1951-55 1.7 1.1 2.0 3.2 
1956-60 1.5 1.2 2.3 3.0 
1961-65 1.4 1.4 2.3 2.7 
1966-67 1.1 1.0 1.7 2.4 
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deaths and disability cases, are shown in Figure 6 (Southern Norway) 
and Figure 7 (Northern Norway). 

The map in Figure 6 is compatible with the existence of a large 
high-risk area, extending along the main mountain ridge of Southern 
Norway and with extensions towards the lowlands and the sea in vari- 
ous places. The shape and locality of this high-risk area is vaguely 
suggestive of an enlarged version of Jostedalsbreen, the largest present 
glacier in Norway, thus evoking Warren’s words (1959) : “Most areas 
where there is a high prevalence of multiple sclerosis coincide in a 
highly suggestive fashion with areas where glaciation has played an 
important part in providing parent material for soils . . .” 

It is noteworthy that in their 1952 paper Swank et  al. explicitly men- 
tioned two small areas as departing in incidence from the surrounding 
areas: A low-risk area around Hamar in the county of Hedmark, and a 
high-risk area inland from the town of Bod0 in Nordland county. Both 
these foci can be recognized in the present study. It must be repeated, 
however, that the two studies are not independent. Thus, 8, possibly 9, 
of the 18 cases in the present study from the high-risk area in Nordland 
were among the 14 cases of the 1935-48 survey. 

In addition to the large, seemingly continuous high-risk area in the 
centre of Southern Norway, and the small high-risk area in Nordland, 
the present study also suggests an independent high-risk focus in the 
inner municipalities of iistfold county and southern part of Akershus. 
The data from the 1935-48 survey also show a rate for this area more 
than twice that of the total ostfold county. 

We have not been able to correlate the distribution of high-risk 
areas in Norway with the distribution of any known variable. Inspec- 
tion of the complex geological map of the Norwegian bedrock has not 
resulted in any suggestive association. This is not directly relevant, 
however, to the hypothesis that some property of the soil may be in- 
volved in the etiology. Morainic soils are w r y  widespread in Norway 
and may derive from materials which have been transported by the ice 
some distance from their place of origin. 

The constant, but so far unexplained geographic differences, and the 
apparently constant or slowly decreasing incidence in time, indicate 
that the soil hypothesis should now be given a fair trial. By means of 
modern chemical methods the concentrations of a large number of ele- 
ments can be determined. The difficulty is to circumscribe high-risk 
and low-risk areas precisely. Routine data, like those set out in the 
present paper, contain errors of diagnosis and bias due to varying 
completeness of reporting. Even migration, shown to be of little im- 
portance for county contrasts, may distort the municipality pattern. 
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Figure 6. Multiple sclerosis in municipalities of southern Norway. Deaths 1951-65 
+ Disability pension cases on Jan. 1, 1966. p e r  1,000 estimated population in 1960. 

Contributory cause of death included 1954-. 
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Figure 7 .  Multiple sclerosis in municipalities of northern Norway. Deaths 1951-65 
+ Disability pension cases on Jan. I ,  1966, per 1,000 estimated population in 1960. 

Contributorg cause of death included 1954-. 

Nevertheless, Table 11 proposes six specific pairs of high- and low-risk 
municipalities, from which samples of soil-possibly also samples of 
water, milk, and blood-might be collected. Each municipality has been 
selected from near the middle of a contiguous group of municipalities 
with approximately the same rates. Some consideration has also been 
given to the municipality distribution from the 1935-48 survey, and 
to the information on place of birth for the deaths included in the 
present material. 

Even within a municipality soil conditions might vary considerably. 
It therefore seems advisable, wherever possible, to take the high-risk 
municipality samples a t  the actual sites of life-long residence of mul- 
tiple sclerosis patients. It may be more difficult in the low-risk muni- 
cipalities to select sites where no multiple sclerosis patient has ever 
lived. Otherwise, the soil samples should be taken from fields matched 
as closely as possible within the same pair of municipalities. Blood 
samples should be drawn from children who have never been outside 
the area. 
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Table 11. Six  pairs of municipalites (1%5 boundaries) suggested f o r  comparisons in 
a search for the etiologg of multiple sclerosis 

1960 Deaths + Approx. 
Incidence Number, Percent disability cases distance 

in pair Population employed 
(APprox.) agriculture No. Per 1,000 (km) 

or forestry 

class name 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

125 Eidsberg 
135 R%de 

1840 Saltdal 
1849 Hamaroy 

1638 Orkdal 
1572 Tustna 

514 Lom 
414 Vang 

1233 Ulvik 
1241 Fusa 

1046 Sirdal 
1149 Karmiiy 

Ustfold 

30 8,700 26.2 12 1.4 
3,800 29.3 1 .3 

4,500 25.8 5 1.1 
3,200 26.3 0 

9,400 27.2 19 2.0 
1,500 35.8 0 - 

Nordland 

100 - 

Siir-Trondelag-More og Homsdal 

90 

Oppland-Hedmarlc 

170 2,900 51.5 12 4.1 
7,700 26.3 2 .3 

1,500 37.3 2 1.3 
4,200 30.4 1 .2 

1,400 66.6 5 3.6 
22.500 12.9 6 .3 

Hordaland 

80 

Agder-Rognland 

100 

d )  Paralysis Agitans 

Thc county distributions of mortality and disability are shown in 
Figures 8 and 9. As already mentioned, the two indices correlate poorly. 
For mortality the pattern resembles that of multiple sclerosis. The 
municipality map (not shown), combining deaths and disability cases, 
discloses no suggestive pattern. 

The geographic distribution of paralysis agitans may be worth exa- 
mining for correlations with lung cancer. In  large prospective smoking 
studies both Kahn (1966) and Harnrnond (1966) have found that 
smokers have a smaller risk of death with paralysis agitans than non- 
smokers. One might therefore predict a negative correlation between 
lung cancer and paralysis agitans. Accordingly, the age-sex adjusted 
county rates for lung cancer incidencc 1953-61 were computed from 
data published by the Cancer Registry of Norway (1961, 1964). The 
following rank correlation coefficients were obtained with the 20 
counties : 
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s 
P 

OBS/EXP 

1.25 - 0 

F1 .75 - 1.24 8 

0 E l  - .74 

D 

Figure 8.  Paralusis agitans-Total mortality. 
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Lung cancer-Paralysis agitans mortality, all ages: -.17 
Lung cancer-Paralysis agitans mortality, age <70 : -.34 
Lung cancer-Paralysis agitans disability : -.44 

Even if the coefficients are small they are in the expected direction. 

OBS/EXP 

1.25 - 0 

.75 - 1.24 0 

O U  - .74 

Figure 9. Paralysis agitans-Disability. 
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However, if smoking were an important prophylactic against para- 
lysis agitans, one would expect a downward secular trend of the dis- 
ease, and higher rates in rural than in urban areas. The mortality data 
of the present study are not in agreement. Table 12 shows that in all 
regions the urban rates are equal to or larger than the rural rates. And 
Table 13 shows that mortality rates, both for underlying and for con- 
tributory cause, have been increasing. 

Table 12. Paralysis agifans 
Deaths 1951-65 (contributory causes included 1956-65) 

per 10,000 population in 1960 
Age-sex adjusted rates in groups of counties of 

urban and rural municipalities 

Counties 
Municipalities 

Urban Rural 

1- 6 (EastNorway) 6.4 5.7 
7-10 (South Coast) 8.1 6.0 
11-15 (West Coast) 6.4 6.2 
16-17 (Trondelag 8.9 7.1 
18-20 (North Norway) 5.5 5.5 

Table 13, Paralusis agifans 
Deaths per 100,000 per year, standardized within each sex for  changes in age 

Underlying cause Contributory cause 

Males Females Males Females 

1951-55 
1956-60 

1966-68 
1961-65 

2.06 2.21 
2.35 2.30 2.36 2.43 
2.30 2.40 3.50 3.30 
2.76 2.52 3.63 3.36 

e) Amyotrophic Lateral Sclerosis 

Data are scanty. The county mortality differences are far from signi- 
ficant, and no particular pattern is suggested (Figure 10). The age-sex 
adjusted death rate for urban areas was .78 per 100,000 per year, com- 
pared to .65 for rural areas, a non-significant difference. However, as 
shown in Table 14, there has been an increase in recorded mortality 
from this cause in recent years. The increase can not be explained by a 
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iransfer from other parts of group 356 or from 744.1 (Inborn defect of 
muscle). It may yet be an artifact, due to unsuspected shifts in diagno- 
sis or certification, but it may also reflect a real incidence increase, 
brought about by a changing environment. 

O B S / E X P  

m 1.25 - 
F{ .75 - 1.24 

0 cl - .74 

Figure 10. Amuotrophic lateral sclerosis-Mortality. 
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Table 14. Amuotrophic lateral sclerosis 
Deaths as underlying cause per 100,000 per year, standardized 

within each sex for changes in age 

hlales Females 

1951-55 .69 -41 
1956-60 .87 .55 
1961-65 .97 .so 
1966-68 1.36 .70 

f )  Correlation of Rates for  the Various Diseases 
Table 15 gives the inter-disease rank correlation matrix computed 

from the adjusted county rates of Table 2. 
Both mortality and disability from multiple sclerosis are fairly 

strongly correlated with mortality from pernicious anemia, as has 
already been apparent from Figures 2, 4, and 5. Within counties, how- 
ever, there was no sign of an association between the municipality rates 
for multiple sclerosis (disability cases + deaths) and pernicious ane- 
mia (deaths). The correlation coefficients in the 18 counties (exclusive 
of Oslo and Bergen) range from -.43 to +.35. The numbers of cases 
within a municipality are of course very small, frequently 0-2 for one 
or both diseases. The municipality maps for the two conditions (Fig- 
ures 3 and 6)  also suggest some intra-county differences in distri- 
bution, particularly ifi northern part of Oppland county. No death 
certificate contained both diseases. 

As mentioned by Kurtzke (1966) mortality data for pernicious ane- 
mia and multiple sclerosis show a positive association in the United 
States as well. Smith (1934) reported crude rates for pernicious anemia 
by states from 1921-26. The rank correlation with the 1947 “Termi- 
nology corrected” crude rates for multiple sclerosis, reported by Kur- 
land (1951), is + .72. 

On the other hand, data from 25 Swedish counties give a rank corre- 
lation coefficient of only + .31 between incidence of pernicious anemia 
1931-35 (Nordensson et al. 1938) and incidence of multiple sclerosis 
1925-34 (Sallstrom 1942). 

The distribution pattern for pernicious anemia in Norway was ten- 
tatively attributed by Stub (1934) and others to a larger consumption 
of fish liver along the coast of Norway than inland. This hypothesis is 
perhaps less satisfactory as an explanation of the same distribution in 
mortality data from 1951-65. The county covariation of multiple scle- 
rosis and pernicious anemia suggests that the etiology of these two con- 
ditions may be related and so simultaneously clarified. But the absence 
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of any sign of correlation within counties indicates that the two dis- 
eases may well be influenced by entirely different environmental vari- 
ables. 

There is a negative correlation in Table 15 between cancer of thy- 

OBS/EXP 

0 1.25 - 

-1 .75 - 1.24 @ 

Figure 1 1 .  Cancer of thgroid-Incidence. 

31 ACTA NEUROI.. SCAWD. 46, 6 5  
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roid and mortality and disability from multiple sclerosis, and between 
cancer of thyroid and pernicious anemia mortality. That some sort of 
an association between these three diseases may be found outside Nor- 
way as well, is suggested by Table 16 which gives deaths in the Faroe 
Islands, compared to the number expected on the basis of Danish rates. 

Table 16. Deaths in the Faroe Islands compared to number expected on 
the basis of Danish age-sex specific rates 

Main cause Observed Expected 

Pernicious anemia 1931-40 4 10.2 
1941-50 3 8.7 
1951-65 1 3.7 

1931-65 8 22.6 

Cancer of thyroid 1951-65 6 4.0 
Multiple sclerosis 1951-65 4 9.1 

The Faroes have attracted attention because of their low prevalence of 
multiple sclerosis, compared to the Orkney Islands-Shetland. (Fog & 
Hyllested 1966). The numbers are small, but we see that whereas the 
observed deaths from pernicious anemia and multiple sclerosis are less 
than half the expected number, the deaths from eancer of thyroid are 
slightly above. 

Still another condition may be mentioned here: 
The death rate in live born infants from monstrosity (International 

Classification No. 750) during 1951-65 was higher in the northern 
counties than elsewhere in Norway. The county correlation coefficient 
with incidence of cancer of thyroid was +.71 (Westlund 1969). Ac- 
cordingly, there is a negative correlation between monstrosity and the 
indices of multiple sclerosis: -.62 with mortality and -50 with 
disability. 

Table 15 also contains correlation coefficients which are technically 
significant, but which are difficult to fit into a consistent pattern. 
Amyotrophic lateral sclerosis is negatively correlated (r, = -.63) 
with paralysis agitans disability, whereas the correlation with mortality 
is very slight. Paralysis agitans mortality, but not disability, is posi- 
tively correlated with both mortality and disability from multiple 
sclerosis. These associations may serve as a warning against attaching 
to much importance to exercises in area correlations like that of 
Table 15. 
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