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A Quantitative Analysis of Suspected
Environmental Causes of MS

Scott Sloka, Claudia Silva, William Pryse-Phillips, Scott Patten,
Luanne Metz, V. Wee Yong

ABSTRACT: Background: Multiple sclerosis (MS) is a disease with purported environmental causes. Consistent correlations have
been found in various settings for latitude, smoking exposure, sunlight, and vitamin D deficiency. We analysed the contribution of
various environmental factors to the risk of developing MS from a population perspective. Methods: We collated global data of MS
prevalence from 54 studies over the previous ten years and calculated the degree of risk contributed by latitude, longitude, ultraviolet
radiation (from NASA satellite data and formulae for available sunlight hours), population smoking rates (from WHO data), gender,
study date, study demographics, and several socioeconomic factors. We report a very significant negative correlation between MS
prevalence and available ultraviolet (UV) radiation. Results: The lack of available UV radiation outweighs other factors by at least 20
fold (p<107-8) from single variate regression analysis. Multiple regression analysis revealed that latitude and longitude are also
significant factors; smoking may also provide a very minimal role. The eight prevalence studies from Scandinavia produced prevalences
that were lower than expected, given their global geospatial positioning. Conclusions: The available ultraviolet radiation is a significant
environmental factor, moreso than all the other factors examined.

RESUME: Analyse quantitative des causes environnementales soupconnées de jouer un role dans la sclérose en plaques. Confexte : La sclérose
en plaques (SP) est une maladie considérée comme ayant des causes environnementales. Des corrélations concordantes ont été établies dans différents
contextes pour la latitude, I’exposition au tabagisme, la lumiére du soleil et le déficit en vitamine D. Nous avons analysé la contribution de différents
facteurs environnementaux au risque de développer la SP a partir d’une perspective populationnelle. Méthodes : Nous avons colligé les données globales
de 54 études sur la prévalence de la SP au cours des 10 années antérieures et nous avons calculé le degré de risque attribuable a la latitude, la longitude,
la radiation ultraviolette (UV) (données obtenues par satellite de la NASA et adaptées selon les heures d’ensoleillement) les taux de tabagisme des
populations (données de 1°'OMS), le sexe, la date de I’étude, les données démographiques de 1’étude ainsi que plusieurs facteurs socioéconomiques.
Nous rapportons une corrélation négative tres significative entre la prévalence de la SP et la radiation UV. Résultats : Le manque de radiation UV a plus
d’influence que les autres facteurs dans une proportion d’au moins 20 fois (p < 10A-8) a I’analyse de régression univariée. L’analyse de régression
multiple a montré que la latitude et la longitude sont également des facteurs significatifs et que le tabagisme peut jouer un role minime. Les huit études
de prévalence scandinaves ont révélé des prévalences plus faibles que prévu étant donné la position géographique. Conclusions : La radiation UV
disponible est un facteur environnemental significatif qui est plus important que tous les autres facteurs examinés.
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Multiple sclerosis (MS) is an inflammatory disorder that
causes demyelination and axonal injury within the central
nervous system. The underlying etiology remains elusive but
both environmental and genetic factors are believed to play a
role!? culminating in the over-activation of various immune
subsets that accumulate in the central nervous system to produce
injury. Familial inheritance, cigarette smoking, vitamin D
deficiency, and ultraviolet (UV) light exposure may all
contribute to the risk of MS!3. While previous studies have
attempted to quantify the risk of these factors, largely as a single
entity and at a regional scale, no combined quantification has
been made of these purported environmental effects in the
context of each other, nor has the risk been investigated on a
global scale.

In this study, we have collated prevalence data on MS from
54 published studies to obtain a global perspective, and we have
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captured geographic and demographic information, and
population health indicators related to these locations. We then
employed various mathematical analyses and numerical
methods to examine the purported environmental effects and
provide a relative weighting of their risk and relative
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contribution to MS in the context of each other, and on a
worldwide scale.

We have found a very significant negative correlation
between MS prevalence and available ultraviolet radiation,
thereby providing quantification of the suspected inverse
association of MS with sunlight. Importantly, the lack of
available UV radiation outweighs other risk factors by at least 20
fold.

METHODS AND MATERIALS
MS Study Ascertainment

A search was conducted of the MEDLINE, EMBASE and
Cochrane databases for all articles published from November
1998 until October 2008 using PubMed, Google Scholar and the
Cochrane website as search engines. No language restrictions
were imposed. The following was used as a baseline search
schema in PubMed: (multiple sclerosis or MS or optic neuritis)
and (incidence or prevalence). Based on the title of the
publication and its abstract, the full articles were either
downloaded or requested from our medical library. To locate
unpublished material and to decrease publication bias*,
references from original and review articles were manually
searched. Some symposia proceedings from large neurology
association meetings were also searched.
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Inclusion Criteria
Abstracts and full articles were retrieved and screened for the
following:

Established diagnosis of MS using the available clinical criteria
of the time (eg Poser’, McDonald®).
Statement of disease prevalence.

Reporting of the study population denominator, and sex ratio
(or total male and female numbers).

Exclusion Criteria
Studies that did not state their method of case ascertainment
were excluded.

Fifty-four MS prevalence studies met the above criteria.
These are listed in the supplemental references.

Data Extraction

A standardized data collection form was used to increase
uniformity and reduce bias in reporting. Extracted data included:
first author, year of publication, journal, sex ratio (female (F),
Male (M)), population size, an ordinal definition of the study
area size (l-city, 2-region/county, 3-province, 4-country), and
the population denominator for the study catchment area
(Supplemental Table). The “Methods” designation in the
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Figure 1: MS prevalence correlates with available UV radiation in both hemispheres. a) MS prevalences (red diamond) are plotted vs. latitude for all
of the 54 prevalence studies meeting our inclusion criteria (see Methods). The most northern studies (Scandinavian prevalences) are highlighted as
blue circles. The available UV radiation (as calculated from NASA TOMS data) has been singly regressed (scaled and shifted) for all included studies,
and its inverse (open squares) follows the same trend as the MS prevalence. b) The available UV radiation for each prevalence study is plotted vs. each
study’s prevalence; again, the blue circles represent the most northern (Scandinavian) studies, suggesting an outlier group. The regression line is plotted
in black. c) The prevalences of all 54 studies are displayed and ordered by latitude, demonstrating that the outlier group has a physical relationship.
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Supplemental Table denotes the extent of data sources used to
derive the prevalence (1-multiple sources, 2-one source only, 3-
questionnaire) and is meant to determine if potential
underreporting of cases is related to the number of data sources
employed.

The life expectancy of the country (from the World Health
Organization (WHO) website — www.who.int) was included both
because it may relate the incidence to the prevalence’ and
because socioeconomic factors may alter overall disease
reporting. Gross domestic product (GDP) per capita (available
from the WHO website) was also included in the analysis in
order to account for socioeconomic factors.

For each study, population smoking statistics were abstracted
from the World Health Organization website. If smoking
statistics were not available from the WHO, a literature search
using MEDLINE or EMBASE was used to identify missing
population smoking rates.

Year of prevalence date was included in the regression
analysis because an overall increase in prevalence has been
observed over the last many decades®. The sex ratio was also
included because an overall increase in female to male ratio has
been observed over the past century”!1°,

The catchment population size of each study was included in
the analysis to account for bias in the ascertainment of cases. We
hypothesized that studies on smaller populations may be subject
to counting errors and that studies done on larger populations
could be subject to under-ascertainment from incomplete
availability of records. This population size was included both as
the denominator used for the prevalence and as an ordinal

representing city, region/county, province, and country. The
second representation was included in case institutional
differences exist from institutional versus ministerial/
governmental sources.

Latitude was included to compare to the significance of the
available UV radiation. Longitude was included in the analysis
because although a north-south gradient has been observed in
many studies over the last several decades, previous analyses for
an east-west gradient in MS prevalence are sparse and
contradictory. The longitude was represented two ways: as a
continuous gradient from east to west, and as a reflected gradient
with the zero point set at ten degree increments with Greenwich
as the reference point. This incremental system was analyzed to
search for a similar gradient as observed with the apparent
reflected north-south gradient observed at the equator. The
latitude and longitude of the study population was derived from
Google Earth site data. The approximate geometric mean of the
study population (i.e. the location of most of the study
population) was estimated to define the latitude and longitude of
the study.

Determination of available UV radiation

Total Ozone Mapping Spectrometer (TOMS) is a satellite-
mounted optical sensor used to measure the albedo (reflected
power) of the earth's atmosphere at six narrow spectral bands,
including several ultraviolet B (UVB) bands. Erythemal
exposure represents the potential for biological damage due to
solar UV radiation. Total Ozone Mapping Spectrometer
erythemal exposure is calculated by NASA using UV irradiance
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Figure 2: Single regression analysis of environmental and potential confounding variables. Although some factors are statistically significant, the
inverse of available ultra violet (UV radiation) is found to be the most statistically significant variable, outweighing the next significant factor, latitude,

by a factor of 20.
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Supplemental Table: Demographic and geographic information pertinent to the 54 studies used in the current investigation

Year
2000
2003
2000
2005
2003
1999
2002
2005
2005
2005
2003
2005
2004
2006
2005
2003
2006
2003
2003
2002
2001
1999
2006
1997
2002

2000
1993

1990
1995
1999
1999
1999
1999
1999
1999
1999
1998
1998
2001
2000
1996
1995
1996
2002
1996
2001

2003

2005
1993

1990
1995
1998
1993
1993
1993

First Author
Alshubaili’
Ares’
Bergamaschi®
Bhigjee*
Cheng®

De Sa°
Debouverie’
El-Salem®
El-Salem®
Etemadifar’®
Granieri"®
Granieri"'
Gray"
Houzen™
luliano™
Klupka-Saric'®
Lau'®
McGuigan'”
McGuigan'”
Melcon'®
Nicoletti'®
Nicoletti®
Saadatnia®’
Solaro®
Toro®
Williamson®*
Tola®®

Callegaro®
Chancellor””
Dean®®

Forbes®®

Ford*
Garcia-Gallego®'
Hernandez*
Houzen™

Itoh*®

Lau®
Pugliatti®®
Fox®®

Mayr®
Pekmezovic®®
Nicoletti*®
Totaro®
Modrego*'
McDonnell*?
Sloka*

Grytten*

Smestad*®
Gronlie*®

Sundstrom*’
Celius*®
Kurtzke*
Sumelahti®
Sumelahti®
Sumelahti®

Prevalence
14.77
79
94
2.6
1.39
46.3
120
39
38
35.5
120.93
166.7
230.6
131
72
27
4.8
184.6
120.7
17.2
203
92
43.8
94
4.41

42.8
58.3

15
50
13.2
184
108.7
40.3
42
8.6
10.2
0.77
144.4
118
177
415
58.5
53

75
190.7
94.4

150.8

148
93

125
1204
66
111
202
108

Location

Kuwait

Santiago de Compostela, Spain
Pavia, Northern Italy
KwaZulu-Natal, South Africa
Shanghai, China

Santarem, Portugal
Lorraine, France

Amman, Jordan

Irbid, Jordan

Isfahan, Iran

Ferrara, Italy

San Marino

North East, Northern Ireland
Tokachi Province, Japan
Salerno, Italy

Western Herzegovina

Hong Kong

County Donegal, Ireland
County Wexford, Ireland
Patagonia, Argentina
Linguaglossa, Sicily
Catania, Italy

Isfahan, Iran

Genoa, Italy

Bogota, Columbia

Lubbock, Texas
N. Spain

Sao Paulo, Brazil
N New Zealand
Malta

Tayside, Scotland
Leeds, UK

Marina Alta, Spain
Canary Is. Spain
Hokkaido, Japan
N. Japan

Hong Kong

N. Sardinia
Devon, UK
Minnesota USA
Belgrade

Sicily

Central Italy
Aragon, Spain

N. Ireland
Newfoundland, Canada

Hordaland County, Norway

Oslo, Norway
N. Norway

N. Sweden

Oslo, Norway
Faroes

Vaasa, Finland
Seinajoki, Finland
Uusimaa, Finland

Life Exp

77.53
79.92
80.07
48.89
73.18
78.08
80.87
78.71
78.71
70.86
80.07
81.88
78.07
82.07
80.07
78.33
81.77
78.07
78.07
76.36
80.07
80.07
70.86
80.07
72.54
78.14
79.92
71.711
80.24

79.3
78.85
78.85
79.92
79.92

82.07
82.07

81.77
79.92

78.85
78.14
75.29
80.07
80.07
79.92
78.07
81.16
79.81
79.81
79.81
80.74
79.81
78.85
78.82
78.82
78.82

GDP
55900
33600
30900
9700
5400
21800
32600
4700
4700
11700
30900
34100
46600
33500
30900
6100
42000
46600
46600
13100
30900
30900
11700
30900
7400
45800

33600
9500

27200
23400
35000
35000

33600

33600
33500

33500
42000
33600
35000
45800
10400

30900
30900

33600
46600

38600

53300
53300
53300
37500
53300
35000
36000
36000
36000

Methods  Region Size  Population
4 2700000
1 90188
3 493753
3 9900000
1 8860000
2 62621
3 2310376
1 400000
1 100000
3 3923295
3 347582
4 29999
2 160446
3 358439
2 259681
3 310464
4 6990000
2 129994
2 104372
1 417666
1 5422
3 313110
3 3923255
3 913218
1 6574460
2
2
1
2
4
2
2
2
2
2
1
3
3
2
2
1
1
8
2
2
3

424916
92632

11380300
171147
378500
395600
728840
129426

81507
361726
363526

6800000
453628
341796
123386
1602226
333075
297838

58666
151000
521986

A o A A AN A o A WA oA A A A A A A aa NS A A aaa NRNNRNS A S a NN S AN S s A

441660

529846
224794

1
1

2

2 250134
1 483401
3 44262
3 179079
3 197042
3 1277932

N NRN 2 2 a A N

Latitude
35.5
42.8
45.2

-28.5
31.2
39.3
48.9
31.9
32.5
32.7
44.9
43.9
54.9
42.9
40.6
43.9
22.4
54.6
52.3

-45.5
37.9
37.5
32.7
44.4

4.6
33.5
41.8
23.5

-36.8
359
56.3
53.8
43.4
28.3

43
43.4
22.4
40.8
50.7
481

45
38.2
441
41.6
54.6
48.4
60.9
59.9
67.5
67.5
59.9
61.9
63.1
62.8
60.1

Longitude
101.5
-8.5
9.2
-30.8
1215
-8.7
6.2
35.9
35.9
51.7
11.6
12.5
-6.3
143.1
14.8
17.7
1141
-8.1
-6.5
-68.5
15.1
15.1
51.7
8.9
-74.1
-101.9
-3.8
-46.6
174.7
14.4
3.2
15
-3.9
-16.6
142

6.8
547
6.3
10.7
14
18.4
10.7
6.9
216
229
242

Smoking
15.55
33.65

24

27
35.5
21

30
29.5
29.5
12

24
225
24
29.3
24

48
12.75
22,5
22,5
30

24

24

12

24
19.05
19.3
33.65
31
28.6
28.65
255
35.7
33.65
33.65
29.3
29.3
12.75
24
35.7
16.5
41

27

27
33.65
24
22.7
26

26

26
22.05
26

28.1
28.1
28.1

Sex Ratio
1.33
1.43
1.72
2.80
1.80
2.90
249
2.80
2.80
3.66
2.23
247
1.92
1.84
2.38
1.30
3.24
3.32
1.75
1.69
1.60
1.27
3.63
1.76
221
4.13
1.83
2.36
4.11
1.36
2.78
2.71
240
273
2.67
1.66
9.60
249
2,65
215
1.92
1.13
1.87
1.99
213
2,68
1.74
2.22
1.53
1.90
2.16
2.94
1.90
1.90
1.90

Available

UVR

16.30
54.32
64.25
10.99
19.07
38.89
86.46
15.87
17.58
14.89
61.69
57.86

133.75
59.03
44.06
59.30

9.10

132.37

108.54
60.27
34.73
33.03
14.89
59.62

6.93
20.04
46.85

8.54
34.47
28.34

136.88

112.06
56.59
11.40
60.57
60.13

9.10
44.74
98.96
81.80
64.71
35.31
58.31
4475

133.29
88.68

196.06

174.00

262.87

279.27

174.00

209.24

206.81

204.30

179.57

See text above under Data Extraction for an explanation of the following categories; Methods: 1-multiple data sources, 2-single data source, 3-ques-
tionnaire; Region Size: 1-city, 2-region/county, 3-province, 4-country

reaching the surface of earth at noon weighted by the
susceptibility of Caucasian skin to sunburn (erythema) and
preferentially weights those frequencies that cause peripheral
conversion of vitamin D in the skin'!. The TOMS data is
available through NASA from the years 1997 to 2002 with a
resolution of approximately 85km x 100km.
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A computer program (available on request) was developed
from standard software provided by the TOMS project to use the
daily data for calculating a linearly interpolated measurement of
daily noontime erythemal UV for each study location based on
latitude and longitude. The average daily UV data over the
period from Jan 1, 1997 to Dec 31, 2002 was then calculated.

101


https://doi.org/10.1017/S0317167100011124

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Very little between-year variation of daily erythemal noontime
UV measurements was noted.

Several equations are available to estimate the total sunlight
hours for a given latitude and day; one was selected that
permitted the specification of day, latitude, and the minimum
angle of the sun with respect to the horizon'?. Given that the
amount of available ultraviolet radiation decreases sharply to
much less than 10% of the amount available from directly
overhead as the zenith angle of the sun increases beyond 60° (the
angle to the horizon is less than 30°)'3, 30° was selected as a
minimum angle to the horizon for these calculations.

The yearly' and daily" ultraviolet exposure generally
follows a semi-circular or triangular distribution. Therefore, a
relative estimate of the total UV availability can be made by
multiplying the average daily maximum by the average available
sunlight hours throughout the year. This total available UV
radiation was calculated for each study location (latitude and
longitude were determined using Google Earth). Lack of
availability can be estimated by either the negative or the inverse
of the available UV radiation.

The total sunlight hours for a horizon angle of greater than
30° was multiplied by the average daily erythemal noontime UV
radiation to derive the henceforth named available UV radiation.
For plotting the confidence intervals, the mean, minimum and
maximum of the interval was normalized to the mean value of
the variable of interest to permit comparison between variables
of different scales.

To explore extra geographical factors under multiple
regression analysis, a two dimensional model of distance to a
source was developed. This model repeatedly selects a random
latitude and longitude (run 50 times) and iteratively calculates
the distance to the random location from each of the 54 study
locations. This distance variable is added to the available UVR
model to create a double regression model of available UVR and
distance to the random location. The algorithm then iteratively
minimizes the p value of the double regression model by
selecting adjacent locations and comparing p values using a
recalculated distance. This algorithm was designed to walk
towards a globally minimal p value using an iteratively updated
distance in the double regression model.

RESULTS
Global MS Prevalence Trend

A total of 85 candidate studies were found for further
examination using the search criteria above (see Methods). Fifty-
four studies met our inclusion and exclusion criteria; only four
studies were available from the southern hemisphere, reflecting
the global geopolitical distribution. The distribution of MS
prevalence vs. latitude for the 54 studies is shown in Figure 1A.

Quantification of Risk from Ultraviolet Radiation

Observation of the prevalence trend in Figure 1A is
suggestive of an external, environmental contribution to disease
prevalence given the mirrored reflection at the equator.
Ultraviolet radiation, contained in sunlight, follows a very
similar pattern and also demonstrates a change in trend at
approximately 23° latitude (north and south). The available UV
radiation is an environmental correlate that is a function of both
the average maximum daily UV radiation and the number of
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daylight hours that sunlight is incident upon a location.
Multiplication of both of these factors daily and then summing
the daily values over the year, provides an estimate of the yearly
available UV radiation for a given location.

For visualization, the available UV radiation was singly
regressed (ultimately scaled, flipped and shifted) to the
prevalence data and plotted with the results of the 54 MS
prevalence studies above (Figure 1A). The correlation of MS
prevalence to inverse available UV radiation provides a good fit
(Figure 1A) and suggests that the latter factor is a dominant
correlate of disease prevalence which outweighs the contribution
of all other factors examined.

We next used single regression analysis on several
environmental and (potentially) confounding factors to search
for modulators of MS prevalence. We found that available UV
radiation produced the most significant correlation with
prevalence (Figure 2), and this outranks latitude by a factor of
20, both in terms of contribution to the fit of the model and
statistical significance. All other factors are small contributors
compared with the available UV radiation.

Plotting the available UV radiation against prevalence
(Figure 1B), a separable group of studies is apparent from the
rest of the trend (represented by the closed red circles). A
standard, unbiased estimator of clusters, the k-means algorithm
(Matlab), was used to confirm that this is a significantly
separable group in the two dimensional space of available UV
radiation vs. prevalence. This group of studies represents all of
the Scandinavian studies and a study of the Faroe Islands (eight
studies total) in the 54 studies used. They are also the most
northern of all the prevalence studies, they are geographically
proximate, and are therefore of interest. These studies were
removed for a separate single regression analysis of available
UV radiation and the correlation was increased to an R? of 0.54
(p value of 7.2x107) for the remaining 46 studies. We plotted the
prevalence of all studies ranked by latitude and the cluster of
studies are the northernmost of all the studies (as expected).

For the single regression model of MS prevalence and
available UV radiation, the final residuals with their confidence
intervals were analyzed. Three of the 54 studies had confidence
intervals outside of the expected range: Northern Ireland and
Linguaglossa, Sicily had prevalences higher than expected and
Belgrade had a prevalence lower than expected. Therefore, the
prevalence for approximately 95% of the MS prevalence studies
within the past ten years could be predicted reliably by this
single regression model. Such a model that factors available UV
radiation could be useful to health ministries both for estimating
their MS patient population and for allocating appropriate
resources for a given region.

Multiple Regression Analysis

To explore possible combined effects of the singly-regressed
variables, multiple regression analysis was performed using the
stepwise regression toolkit in Matlab. As expected, the most
significant variable, available UV radiation, was included at a p
value of 1.0x10°. The only other two variables added into the
model were latitude and longitude (to a p value of 9.2x10%) — all
other variables were non-significant after this initial three-
variable model was developed. This suggested that further
geographical correlation was inherent in the dataset and that it
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involved both latitude and longitude components. For 50
separate analyses, a negative correlation was found to minimize
the p value (and maximize the R? value) of the double regression
model (available UV radiation and the extra geographical factor)
with the location 54.8°N, 8.1°E (a location centered over
Northern Ireland, which is geographically reasonably close to the
latitudes of the Faroe Islands and of Scandinavia). This extra
geographical factor confirms again that the prevalence from the
Scandinavian studies significantly influences any simple
modeling of the available UV radiation to MS prevalence. This
minimal p value (2.0x10®) in the double regression model
(including both the available UV radiation and the extra
geographical factor) is less than the model with available UV
radiation, latitude and longitude (9.2x108, as above).

Further regression analysis in addition to the available UV
radiation and the distance to 54.8°N, 8.1°E included two
marginally (negatively) significant variables: methodology and
smoking. A p value of 5.4x10° (R?=0.55) was achieved with the
inclusion of all four of these variables — a very strong negative
correlation was noted with the available UV radiation.
Additional negative correlation was achieved with the distance
from northern Europe, smoking, and the accuracy of the
methods.

DISCUSSION

It was observed many decades ago that MS prevalence
follows a north-south, equitoriofugal (reflected at the equator)
gradient, modeled using strictly latitude as the modifying
environmental parameter. In order to characterize this
distribution, 54 prevalence studies from the previous ten years
were analyzed. This global approach permits quantification of
the correlation between environmental factors, such as the
available UV radiation, and worldwide MS prevalence trends,
and yields a highly correlated result between these two factors.
This relationship between available UV radiation and MS
prevalence is more correlated than with latitude and MS
prevalence given the shape of the curve — there is an abrupt
change in the curve of both the MS prevalence and the regressed
available UV radiation at approximately 23° latitude, coinciding
with the Tropics of Cancer and Capricorn which are the most
northern and southern extents respectively that the sun may
appear directly overhead (zenith angle of zero) during a year.
Therefore, this novel approach has added further evidence
towards a link between MS prevalence and available UV
radiation.

The inverse association of available UV radiation and MS
prevalence implicates vitamin D, since ultraviolet B radiation
(280 to 315 nm) converts 7-dehydroxycholesterol to vitamin D3
in the epidermal and dermal layers and is the primary source of
vitamin D, in humans'®. Vitamin D deficiency has previously'’
and recently been suggested as a potential contributing factor in
the pathogenesis of MS!'®20, Due to the changing angle of
declination of the sun, vitamin D insufficiency is common in the
winter months in latitudes north of 42°N latitude?!. Therefore,
vitamin D is of interest as the biological correlate of available
UV radiation.

Several comments are appropriate regarding other
observations made with the regression analysis. The clustering of
Scandinavian studies that measured a lower prevalence than the
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available UV radiation may be from a plateau effect above the
Arctic Circle. An alternative explanation could be that the model
of available sunlight hours is less accurate above certain
latitudes®?. A third explanation may be genetic/environmental
interaction?*2*, It has been hypothesized that the distribution of
MS is related to a genetic trait originating from the Scandinavian
countries with a declining genetic influence?. This cluster could
also reflect chance alone.

Several sources have observed an increase in MS prevalence
over the past few decades including one of our own studies’, but
was non-significant in the current analysis (Figure 2). Possibly,
MS prevalence has not increased significantly over the past
decade given the generally increased availability of diagnostic
tools and neurologists. The fact that our prevalence study noted
a plateauing of incidence since the late 1990s may be relevant in
this regard. The sex ratio is a non-significant contributor (shown
to have increased over the past several decades in our and other
studies) but this variation is likely too small to be significantly
measurable over the single decade of this analysis.

In our single regression analyses, we found that population
smoking rate is a minor contributor to risk (Figure 2). This
supports the contention that while some meta-analyses of case
control studies at the clinical level have implicated smoking?®,
the combined increased risk is low (odds ratio of 1.25) compared
to available UV radiation which accounts for a 20 fold increase
of risk from the equatorial regions to 60°N latitude (Figure 1A).
These meta-analysis data are from clinical studies. As far as we
could find, no correlation with MS prevalence and smoking has
been analyzed at the population level as we have done. We have
shown that either there is no effect when other factors are
accounted for, or if there is an effect it is small. This is in keeping
with the meta-analysis of the clinical data that shows only a
minor increased risk of 25% with the small number of available
studies. This does not rule out the possibility that in some
individuals, there may be a biological effect.

Others have studied correlations with multiple purported
causative agents?*2?’30, However, the available UV radiation
appears to be by far the single most important correlate of MS
prevalence globally, suggesting that this factor may be one of the
most important etiologic determinants of MS. Nonetheless,
although this model estimates a general population trend with
reasonable accuracy, it does not explain why certain individuals
are more susceptible than others. Other factors such as genetic
susceptibility on a population level may play a role.
Additionally, mitigating factors such as skin pigmentation and
use of sunscreen may alter serum vitamin D levels, although
population studies have shown that vitamin D levels are
correlated to both latitude and season through peripheral
conversion?!. Cultural modulations of serum vitamin D are also
possible; countries with significant fortification of food or with
diets containing higher vitamin D content may also change
average population-based serum vitamin D concentrations.

CONCLUSION

Quantitative analyses of global epidemiologic and prevalence
data collated from 54 studies emphasize that lack of available
ambient UV radiation is the most significant environmental
factor affecting the prevalence of MS. A low level of incident
UV radiation outweighs other suspected environmental factors
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by at least 20 fold as a contributor to MS risk. Available UV
radiation is a likely proxy for endogenous vitamin D production.

These results strengthen the observation that adequate UV
radiation and vitamin D as key determinants of reducing the risks
of developing MS.
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