
S O M E  C O M M E N T S  O N  T H E  R E L A T I O N S H I P  

O F  T H E  D I S T R I B U T I O N  O F  M U L T I P L E  S C L E R O S I S  

T O  L A T I T U D E ,  S O L A R  R A D I A T I O N ,  

A N D  O T H E R  V A R I A B L E S  

E. D. ACHESON, C. A. BACHRACH, F. M. WRIGHT 

There is abundant evidence that in general multiple sclerosis is more prevalent 
in high latitudes in the Northern Hemisphere than in low latitudes (1, 2, 
3,  4, 5). Although the evidence is at present meager, a similar relationship 
may hold in the Southern Hemisphere (4). The meaning of this relationship 
has exercised many minds (5); race, climate, the distribution of trace ele- 
ments, diet, and the availability of facilities for diagnosis have all been 
considered. The present paper demonstrates a high degree of correlation 
between the distribution of multiple sclerosis in U. S .  veterans by birth- 
place, and latitude. An attempt is made to identify more meaningful vari- 
ables correlated with latitude which may have a bearing on the etiology of 
the disease. 

M A T E R I A L  A N D  M E T H O D  
(a) The numerator 

A description of the overall scope of the epidemiological study of mul- 
tiple sclerosis in U. S .  veterans has been given elsewhere (6). In a sample 
of 1782 patients discharged from VA Hospitals with this diagnosis between 
1954 and 1958, 454 had been born in 29 counties in the continental United 
States which had a population of 300,000 or more in 1920 (7). Their median 
year of birth was 1919. The number of cases of multiple sclerosis born and 
the 1920 population for each county (7), and the latitude, average annual 
degree days" (8) and average annual hours of sunshine (8) for the principal 
city in each county are given in Table 1 .  The average total December solar 
radiation values were computed by interpolation from the isolines on the 
appropriate map published by Fritz and MacDonald (9). It was felt that for 
counties with a population of less than 300,000 sampling variation was such 
that they could not be considered singly. However, to obtain confirmation 

* Degree days per year = (65" - Average daily temp.) summed over all days when 
(65" - Average daily temp.) is positive. 
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T A B L E  I 

Principal 
City 

County 
and 

State 

King, Wash. 
Hennepin Ramsey, 

Minn. 
Erie, N.Y. 
Milwaukee, Wis. 
Monroe, N.Y. 
Wayne, Mich. 
Suffolk, Mass. 
Worcester, Mass. 
Cook, Ill. 
Providence, R. I. 
Cuyahoga, Ohio 
Fairfield, Conn. 
Hartford, Conn. 
New Haven, Conn. 
New York, N.Y.** 
Essex, N. J. 
Alleghany, Pa. 
Philadelphia, Pa. 
Marion, Ind. 
Baltimore, Md. 

Seattle 
Minneapolis 

St. Paul 
Buffalo 
Milwaukee 
Rochester 
Detroit 
Boston 
Worcester 
Chicago 
Providence 
Cleveland 
Bridgeport 
Hartford 
New Haven 
New York 
Newark 
Pittsburgh 
Philadelphia 
Indianapolis 
Baltimore 

47.5 

45.0 
43.0 
43.0 
43.0 
42.5 
42.5 
42.5 
42.0 
42.0 
41.5 
41.5 
41.5 
41.5 
41.0 
41.0 
40.5 
40.0 
40.0 
39.0 

12 

15 
21 
13 
7 

389 30.9 2 2049 

660 22.7 18 2600 
635 33.1 18 2346 
539 24.1 12 2558 
352 19.9 3 2321 

27 1178 22.9 29 
17 836 20.3 68 
10 455 22.0 10 
70 3053 22.9 82 
6 475 12.6 19 

19 943 20.2 23 
9 321 28.0 8 
5 336 14.9 9 
7 415 16.9 10 

90 5620 16.0 142 
12 652 18.4 6 
26 1186 21.9 36 
29 1824 15.9 38 

3 348 8.6 9 
9 808 11.1 16 

2637 
2562 
2382 
2648 
2595 
2344 
2529 
2455 
2707 
2685 
2506 
2303 
2627 
2599 
2666 

WaShingt0n.D.C. Washington,D.C. 39.0 5 438 11.4 14 2583 
Hamilton, Ohio 

Kenton, Ky. Cincinnati 39.0 7 567 12.3 19 2667 

39.0 7 490 14.3 23 2880 
Jackson, Mo. 

St. Louis, Mo. St. Louis 38.5 8 874 9.2 19 2693 
Alameda, Calif. Oakland 38.0 3 344 8.7 3 2979 
San Francisco, 

San Francisco 38.0 6 507 11.8 6 2935 

Kansas City Wyandotte, Kan. 

Calif. 

70 

100 
90 

100 
90 
95 

140 
120 
105 
140 
100 
130 
125 
130 
130 
130 
110 
135 
120 
140 
150 

130 

160 

145 
160 

160 

Los Angeles, Calif. Los Angeles 34.0 4 936 4.3 13 3217 q 0  
Jefferson, Ala. Birmingham 33.5 4 310 12.9 11 2724 170 
Orleans, La. New Orleans 30.0 3 387 7.8 27 2643 200 

443 8 

7853 
6838 
7205 
6863 
6404 
5791 
6979 
63 10 
6125 
6006 
5896 
6068 
6026 
5050 
5252 
5905 
4866 
561 1 
4787 
4258 

4870 

4888 

4469 
3163 

3069 

1451 
2780 
1175 

* Degree days per year = (65" - Avg. temp.) summed over all days in the year when 
(65" - Avg. temp.) is positive. 

** Five boroughs of New York City. 
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of the latitude effect for smaller counties aggregations were made of the 
number of veterans with multiple sclerosis born and the population of all 
counties with a 1920 population between 50,000 and 299,000. These cases 
were grouped according to latitude as follows: 28"-34", 35"-36", 37"-38", 
39"-40", 41"-42", 43"-44", 45'49" N. A total of 424 patients had been 
born in these counties. 

At the time of admission to hospital, 556 of the 1782 patients were resident 
in the 29 counties with a population of 300,000 or more in 1920. To obtain 
estimates of the prevalence of multiple sclerosis among veterans by place 
of residence, the estimated population of veterans resident in the 29 counties 
in July 1955 was used (10) as the denominator. The distribution of the 556 
cases was also studied in terms of the variables described above. 

(b) The samples of records examined 

A sample of clinical records was examined to determine the proportion of 
well documented cases, and the proportion of cases mistakenly coded under 
this diagnosis. Of the 454 patients born in the 29 counties under study, 
records of 98 (21.6 %) were requested and 97 were obtained and classified. 
Sampling was done according to the final digit in the claim number. In order 
to obtain comparable numbers the counties were grouped according to lati- 
tude; a 20 % sample was taken of white patients born in counties located 
at 42" N or above, 40 % of those between 40" and 41.5" and 60 % of 
those south of 40". The records of all 22 negro patients were requested and 
21 were obtained. The results of the classification are set out in Table 2 
together with the definitions of the subgroups. If groups A and B together 

T A B L E  I1 
Classification of 97 cases according to likelihood of correct clinical diagnosis of multiple 
sclerosis. Group A. Clinical evidence of multiple lesions with remissions and a normal 
haematocrit, negative X-rays of skull or spine, and CSF containing less than 20 lym- 
phocytes, less than 70 mgms protein and negative serology. Group B multiple lesions 
with remissions but incomplete investigations or CSF containing more than specified 
cells or protein but negative serology. Group C firm clinical diagnosis but progressive 
course from onset or no definite evidence of multiple lesions. Group D subsequent events 
have resulted in a change of diagnosis (Syringobulbia 1, multiple cerebral infarcts 1; 
polyarteritis nodosa 1; cerebral tumour 2). 

Latitude of I White I Negro 

I A 1 B 1 C / DITota l  I A I B / C I D /Total  county of birth 

42O47.5" N 23 5 3 1 32 2 1 2 5  
40"41.5" N 16 7 1 1 25 4 4 2  10 
30"-39.5" N 12 3 3 1 19 6 6 

Total 51 15 7 3 76 12 4 3 2 21 
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are regarded as “probable” cases of multiple sclerosis and the population 
is reconstituted allowing for the relative weights of the subsamples, the 
overall proportion of probable cases is 86.7 %. By latitude the proportions 
of “probable” cases were as follows:- 42” N or above 86 %; 40”-41.5” 
90.4 % ; south of 40” 82.2 % . These figures support the contention that there 
is no gross difference in diagnostic criteria for multiple sclerosis within the 
VA Hospital system from North to South within the United States. Sixteen 
of the patients in the sample have subsequently died. Of these an autopsy 
was performed in 12 and the diagnosis of multiple sclerosis was confirmed 
in 10. (3 of these were negroes). 

(c) The denominator 

The difficulties in describing the population from which the sample of 
veterans with multiple sclerosis was derived has been discussed in another 
paper (6). There were two possible groups available for comparison; the 
population of the relevant counties in 1920 and a sample of all general 
medical and surgical patients discharged in October 1956 born in those 
counties. 

The assumptions involved in using the former are: 1) that there was 
uniformity of enumeration in the 1920 census; 2) that the birth rates were 
uniform in the areas studied; 3) that the proportion surviving to induction 
into the Armed Services was uniform; 4) that the induction rates were 
uniform; 5 )  that survival to veteran status was uniform; and 6) that the 
proportion of eligible veterans who obtain veterans’ hospital care when 
sick is uniform over the country. Each of these is untrue to some extent, 
but the regional variations represent largely the difference between urban 
and rural areas. For example, in the southeastern U. S .  as a whole the birth 
rates were higher, the induction rates were lower, and the VA hospital usage 
higher than in the northeastern U. S .  as a whole, partly because the northeast 
is considerably more urban than the southeast. But in all of these respects, 
northeastern cities are less dissimilar from southeastern cities, and north- 
eastern rural areas from southern rural areas. Therefore, in this paper, urban 
counties are compared only with urban counties and smaller communities 
with smaller communities. Three further considerations reassure us con- 
cerning the use of the 1920 population census figures. Firstly, since each of 
the potential biases acts in a different way in different parts of the c o q r y ,  
it seems inconceivable that they could have a net effect of producing the 
orderly North to South gradient of rates observed in Table 1 and Figure 1. 
Further, the same North-South gradient of multiple sclerosis rates was 
observed when data from individual status was examined (6), using a com- 
pletely different type of denominator, - a sample of general medical and 
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Multiple Sclerosis (Birfhplacs) 

Degrees norfh latitude 

Fig. I 
The relationship of the number of veterans with multiple sclerosis (birthplace) per mil- 
lion 1920 population for 29 counties with a population of 300,000 or more in 1920 to 
the latitude of the principal city in each county. The fitted regression line is 9 = 

1.556 x-45.648 and the 95 % Confidence Limits (9 & 9.7164). 

surgical discharges from VA hospitals. Finally, the regional distribution of 
the U. S. 1920 population does not differ radically from the regional dis- 
tribution of a sample, which was available to us, of U. S .  Army personnel 
in World War 11. 

The assumption involved in the use of the second alternative control 
group (a sample of all general medical and surgical discharges) is that the 
same selective factors operate for all general medical and surgical condi- 
tions as operate in the case of multiple sclerosis. The use of this second 
group is limited by smaller numbers, but following the advice of Dorn (1 1) 
both groups have been used for comparison where possible. 

RESULTS 
(a) Birthplace 

Scatter diagrams of the relationship of multiple sclerosis rate per million 
(population 1920) by birthplace to latitude, average annual hours of sun- 



137 

MuHiple Sclerosis (Birthplace) 

\ .  \ 

10 "1 \ \ 

I I \ I  1 

3400 3600 3804 3000 3200 
Average annual sunshine in hours 

Fig. 2 
The relationship of the number of veterans with multiple sclerosis (birthplace) per mil- 
lion 1920 population for 29 counties as defined in Figure l to the average total annual 
hours of sunshine observed in the principal city in each county. The fitted regression 

line is 9 = 75.141 - .02239 x and the 95 % Confidence Limits (9 f 10.151). 

shine, average annual degree days and December solar radiation are seen 
in Figures 1 ,  2, 3, and 4 respectively. A striking degree of correlation is 
demonstrated between multiple sclerosis rate and latitude (r = 0.76)" and 
negative correlations of a similar order of magnitude with average annual 
hours of sunshine (r = -0.73)* and average December daily solar radiation 
(r = -0.80)". The correlation with average annual degree days, which is 
the standard index of severity of winter used by the fuel industry, is less 
striking (r = 0.67)". Other meteorological variables studied were average 
annual precipation and average maximum July temperature. No correla- 
tion with these variables was found. 

In case the correlation with latitude was dependent upon some bias due 
to the peculiarities of the VA hospital population, simizr scatter diagrams 
using identical sampling techniques and the same 29 counties were con- 

* Significant. The critical 1 % value of r for 27 degrees of freedom and 2 variables is 
0.470. 
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Multiple Sslamrlr Ilirihplscsl 
cases per milllo" 

Average annual degree days 

Fig. 3 
The relationship of the number of veterans with multiple sclerosis (birthplace) per mil- 
lion 1920 population for 29 counties as defined in Figure l to the average annual degree 
days in the principal city in each county. The fitted regression line is 9 = 1.848 

.002942 and the 95 % Confidence Limits (9 & 11  .OOO). 

structed for ulcerative colitis which is also more common in veterans born 
in the North than in the South. No significant correlation was found (r = 

0.12). An additional point against such a bias is that the number of general 
medical and surgical patients in the 12.5 % October 1956 sample (Table 1 ,  
Col. 7) born in the 29 counties expressed per million of the 1920 population 
is not correlated with latitude (r = -4.29). In fact the trend is in the op- 
posite direction. 

Using the alternative group for comparison (12.5 % of all general medical 
and surgical patients discharged in October; Table 1 column 7) a progressive 
decrease in the ratio of multiple sclerosis patients to all general medical and 
surgical patients was also found from North to South; latitudes 45-47.5, 1.35; 

Because of the high correlation of the multiple sclerosis rate with latitude, 
average annual sunshine, average daily December solar radiation and average 
annual degree days, multiple regression analyses were performed using both 

42-44.5, 0.71; 40-41.5, 0.72; 38-39.5, 0.45; 30-37.5, 0.22. 
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Mulliple Sclerosis (Birthplace) 
cares per million 

\ 

Average &ily DecMnbsr solar rdietion gram calorirnlsq. cm 

Fig. 4 
The relationship of the number of veterans with multiple sclerosis (birthplace) per mil- 
lion 1920 population for 29 counties as defined in Figure l to the estimated average 
daily December solar radiation received in each county. The fitted regression line is 

9 = 39.750- .17306 x and the 95 % Confidence Limits (9 & 8.756). 

average annual hours of sunshine and December solar radiation as measures 
of sunshine. The multiple correlation coefficient for multiple sclerosis with 
latitude, average annual sunshine and average annual degree days was 
3222, while that for multiple sclerosis with latitude, December solar radi- 
ation and average annual degree days was .8588. 

In both cases the contribution of average annual degree days to the re- 
gression was not significant. The regression coefficient for the multiple scle- 
rosis case rate with average annual degree days, independent of latitude and 
average annual sunshine, was .0003239 (95 % Confidence Limits -.00155 
to .00219), and that for the multiple sclerosis case rate withherage annual 
degree days, independent of latitude and December solar radiation, was 
-.000141 (95 % Confidence Limits -.00219 to .00191). 

Similarly the contribution of latitude to the regression was not significant. 
The regression coefficient for the multiple sclerosis case rate with latitude, 
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independent of average annual sunshine and average annual degree days, 
was .888 (95 % Confidence Limits -.0454 to 1.8227), and independent of 
December solar radiation and average annual degree days SO445 (95 % 
Confidence Limits -.6736 to 1.6825). 

The regression coefficients for the multiple sclerosis rate with both average 
annual sunshine and December solar radiation, independent of the effects of 
latitude and average annual degree days, were both significant. With average 
annual sunshine the coefficient was -.0125 (95 % Confidence Limits 
-.00308 to -.02202) and with December solar radiation -.13168 (95 % 
Confidence Limits -.01116 to -.25220). The individual correlation coef- 
ficient of the multiple sclerosis rate with December solar radiation and the 
multiple correlation coefficient using December solar radiation were greater 
than the coefficients obtained when average annual sunshine was used. Al- 
though the standard error of the estimate using December solar radiation, 
latitude, and average annual degree days is slightly greater than that for 
average annual sunshine and the same variables, the difference is not sig- 
nificant. Considering the correlation of the multiple sclerosis rate with each 
variable alone, the standard error of the estimate is smallest with December 
solar radiation. 

The relationship of multiple sclerosis to latitude in aggregations of counties 
with populations between 50,000 and 299,000 in 1920 grouped according 
to latitude was also studied, and a significant correlation with latitude was 
found (r = 0.92). An attempt was made to study the effect of sunshine 
holding latitude constant in aggregations of these counties but the results 
were inconclusive. However, the correlation coefficient for multiple sclerosis 
with average annual sunshine was -0.98. 

(b) Residence 

A similar analysis was made in terms of place of residence at admission 
to hospital. Five hundred and fifty-six patients were resident in the 29 urban 
counties under study at the time of admission to hospital. Rates were cal- 
culated using the estimated veterans population of these counties in July 
1955. The correlation coefficient for the relationship of multiple sclerosis 
rate with latitude was r = 0.68," with average daily December solar radiation 
was r = 0.59," with average annual degree days r = 0.42. When a multiple 
regression was done it was found that the regression of multiple sclerosis rate 
with latitude independent of average daily December solar radiation and 
average annual degree days was significant (1.0526, 95 % Confidence Limits 

{ 
* Significant. The critical 1 % value of r for 27 degrees of freedom and 2 variables 

is .470. 
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0.2295 to 1.8127) but that the regressions of the multiple sclerosis rate with 
average daily December solar radiation independently, and average annual 
degree days independently, were not significant. 

DISCUSSION 

An increasing prevalence of multiple sclerosis from South to North within 
the United States is already well documented (1, 2, 3, 5). However, previous 
studies have been concerned with the patients’ residence either at death (3) 
or following the onset of the disease (1, 2, 5) .  In a population in which 
migration is common, a study of these points in the patient’s life history 
may not indicate the important place of residence as far as exposure to en- 
vironmental factors are concerned. In particular migration may introduce 
errors into prevalence studies carried out in unstable communities such as 
Denver (12) and San Francisco (13). 

In this study birthplace was chosen as the keypoint for the practical reason 
that it is accurately recorded and easily obtained from VA documents. More- 
over, Dean’s (14) observation that multiple sclerosis is almost unknown in 
persons of European stock born and raised in the Union of South Africa 
while it is more frequently described in persons born in Europe who have 
emigrated to South Africa seems to indicate that the incubation period in 
this affliction is long. If this is so a study of birthplace may be more helpful 
than that of later residence. In U. S .  veterans birthplace is probably a better 
guide to early residence than is an address after the disturbance of war 
service. A further difficulty in interpreting the significance of residence after 
development of symptoms lies in the fact that multiple sclerosis patients in 
the U. S .  may be advised by their physicians to migrate South. An analysis 
of the material reported here in terms both of place of birth and of place of 
residence at admission to hospital for multiple sclerosis shows that the cor- 
relations with the meteorological variables studied are less marked in terms 
of the latter. At the present time it is uncertain how much this difference is 
due to an important influence of place of residence in early life on the 
development of the disease, and how much to the different denominators 
used in the two analyses, and to medically recommended migration after 
diagnosis. A study of life residence history in multiple sclerosis paients 
known to have migrated from the extreme South to the extreme North of 
the U. S. and vice versa is in progress and may be helpful. 

The high degree of correlation between multiple sclerosis prevalence by 
birthplace and increasing latitude demonstrated in this material is remarkable. 
Evidence is presented which suggests that it is not due to biases in the 
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material. It is interesting that another disease (ulcerative colitis) with a North- 
South pattern in veterans shows no such correlation. Previous authors have 
suggested that the latitude effect may be due to the effect of cold (3), the 
amount of fat in the diet (15), or the level of high energy cosmic ray par- 
ticles (16) in the atmosphere. In this material average annual degree days 
(an effective measure of severity of winter) seemed a less promising variable 
than latitude itself. Direct measurements of the amount of fat consumed in 
cities at various latitudes in the U. S .  are difficult to obtain. However, fat 
consumption is related to economic prosperity which undoubtedly varies 
with latitude on a global scale. Within the United States this effect is slight. 
When the median income of the population of the 29 urban counties under 
study was plotted against multiple sclerosis prevalence a value for r of 0.19 
was obtained. The present difficulty with the cosmic ray hypothesis is that 
while the number of high energy particles observed at very high altitudes 
varies with latitude these particles appear to be atered out by the atmosphere 
and no material increase in their effects has been observed at sea level within 
the latitudes under study (17). 

Attention is drawn in this paper to a further (negative) covariable with 
latitude namely solar radiation. The measurement of average annual hours 
of sunshine observed at the meteorological stations of the U. S .  Weather 
Bureau (8) takes into account the effect of cloud but not that of the angle 
of the sun’s rays. It is used as an index of annual solar radiation in this 
paper because a large number of accurate observations are available whereas 
solar radiation data is at present incomplete and requires interpolation. The 
possible importance of sunshine was suggested by the steep gradient of 
multiple sclerosis rates per million (birthplace) observed in the cities on the 
Pacific Coast. Thus the rate in Los Angeles was 4.3; Oakland 8.7; San Fran- 
cisco 11.8; and Seattle 30.9. The main difference in climate along this coast 
lies in sunshine (and precipation) not in the severity of winter (8). When all 
the data was considered the relationship between multiple sclerosis rate (by 
birthplace) and average annual hours of sunshine independent of the effect 
of latitude or average annual degree days (cold winters) was found to be 
slightly more impressive than the relationship with latitude alone, and much 
more impressive than with degree days alone. However, it should be pointed 
out that an important part of this effect was derived from the rates observed 
in the cities on the West Coast and that the number of cases in these cities 
is small and requires independent confirmation. 

The seasonal distribution of solar radiation is interesting (Figures 5 and 
6). Both globally (18) and in the United States (9) the isolines for winter 
solar radiation follow the lines of latitude fairly closely while in summer the 
relationship to latitude is largely lost both in the Northern and the Southern 
hemisphere. These facts suggested that a closer correlation might be ob- 
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Fig. 5 
Total solar radiation, December in kg/cm*/month (reproduced from, Budyko, M .  Z.,  
“The heat balance of the earth’s surface”, Office of Technical Services, U.S. Depart- 

ment of Commerce, Washington 1958). 

Fig. 6 
Total solar radiation, June, in kg/cm2/month (reproduced from, Budyko, M .  Z . ,  “The 

Commerce, Washington 1958). 
heat balance of the earth‘s surface”, Office of Technical Services, U. S. Department 
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tainable between an index of winter sunshine (December solar radiation) 
and multiple sclerosis (by birthplace). In practice this turned out to be the 
case. 

The fact that the correlation between multiple sclerosis prevalence by 
birthplace in veterans and sunshine is a negative one indicates that if sun- 
shine exerts an effect this must be preventive or protective rather than the 
reverse. Thus, the more sunshine there is in a climate the less multiple 
sclerosis there appears to be. Such an influence could conceivably act di- 
rectly - a certain skin dose of sunshine per unit time protecting the indi- 
vidual in some way; or indirectly, by its effect on the plant and animal environ- 
ment. The slightly closer relationship between multiple sclerosis prevalence 
and December solar radiation (the minimum monthly radiation in the North- 
ern hemisphere) than with average annual hours of sunshine might indicate 
a threshold effect. It is interesting that in the Union of South Africa, where 
multiple sclerosis in native-born persons is almost unknown (14), both the 
annual solar radiation and the winter solar radiation received are greater 
than in other inhabited region at that latitude in the Southern Hemisphere 
and are equivalent to that reveived in Southern California and North Western 
Mexico (18). In Japan where preliminary reports indicate no increase in 
multiple sclerosis prevalence with latitude between Fukuoka, Kyushu (33 O N) 
and Sapporo, Hokkaido (43" N) (19) the difference in winter solar radiation 
received in these cities is relatively slight (22). On the other hand Denver, 
Colorado (12), which enjoys a large amount of winter solar radiation ap- 
pears to have a prevalence of multiple sclerosis close to that of Winnipeg 
and Boston (20). However, in an expanding community like Denver the 
prevalence rate may be inflated by an influx of persons born and raised in 
the North particularly if the incubation period of the disease is long. If 
solar radiation does exercise a protective effect, the ultraviolet band (0.28- 
0.32 mu) cannot be responsible. This portion of the spectrum is filtered out 
by dust particles in polluted air and is thus markedly diminished over large 
cities (21). There has been no suggestion that multiple sclerosis is a pre- 
dominantly urban disease. Most evidence points to a random distribution 
in town and country (4, 6, 20). However, parts of the visible spectrum are 
only slightly affected by pollution (0.40-0.48; 0.60-0.70 mu) are known to 
have important biological effects particularly in plants, but there is no 
evidence for their importance in man. On the whole it seems more likely 
that the relationship between multiple sclerosis and solar radiation is an 
indirect one. 

Although the significance of the relationships demonstrated between mul- 
tiple sclerosis prevalence, latitude and solar radiation is uncertain, it sug- 
gests as approach to the problem of multiple sclerosis and climate. The 
multiple sclerosis prevalence in communities at the same latitude with dif- 



ferent climates in respect of sunshine and temperature should be compared. 
Alternatively a comparative study of the physical geography climate and 
economics of communities with differing frequencies of multiple sclerosis 
but similar latitudes (e. g. Durban (14), New Orleans (20), Brisbane (23)) 
might be rewarding. If the gradient in multiple sclerosis prevalence is as 
steep along the West Coast of the United States as is suggested by our 
material, the very high migration rate from the North (high prevalence) to 
Los Angeles and Southern California, and the migration from the South 
(low prevalence) to Seattle, Washington, should provide and ideal situation 
for the study of the incubation period of the disease. This would require the 
collection of residence histories in migrants prior to the date of onset of 
the disease and would not necessitate the expense of a formal population 
study. If even a rough estimate of the important period in the patient’s life 
history could be obtained in this way, it would enable future investigators 
to focus their attention on the relevant part of the past history. 

S U M M A R Y  A N D  C O N C L U S I O N S  

1. An analysis has been made of the distribution of a sample of 454 veterans 
with a diagnosis of multiple sclerosis born in 29 counties in the U. S .  with a 
population of 300,000 or more in 1920. A multiple regression analysis was 
done using the following variables: multiple sclerosis rate per million 1920 
population; degrees North Latitude; average total annual hours of sunshine; 
average annual degree days (an index of severity of winter) and average daily 
December solar radiation. Of these, the correlations of multiple sclerosis rate 
with average total annual hours of sunshine or with average daily December 
solar radiation independently were best. The addition of latitude and average 
annual degree days did not contribute significantly to the regression. The 
correlation of multiple sclerosis rate with average daily December solar radi- 
ation is slightly higher than with average total annual hours of sunshine. 

2. An analysis has also been made of the distribution of 556 patients 
resident in the same 29 counties at time of admission to hospital. When a 
multiple regression was done using multiple sclerosis rate per 100,000 veter- 
ans resident, and the 4 other variables, the only significant regression found 
was for multiple sclerosis rate with latitude. 

3.  Average annual degree days as a measure of severity of winter does 
not contribute significantly to the regression, either in terms of place of birth 
or place of residence. 

10 
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