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Abstract

Background: Obesity may be a risk factor for developing multiple sclerosis (MS).

Objective: We examined if body size influences the risk of MS in a population-based case control study.

Methods: A total of 953 cases and 1717 controls from Norway and 707 cases and 1333 controls from Italy reported their body size
by choosing a silhouette 1 to 9 (largest) every fifth year from age 5-30 and at time of study. The body size-related MS risk was

defined by odds ratios (ORS) in logistic regression analyses adjusting for age, smoking and outdoor activity.

Results: In Norway a large body size (silhouettes 6-9) compared to silhouette 3 increased the risk of MS, especially at age 25 (OR

2.21; 95% CI 1.09-4.46 for men and OR 1.43; 95% CI 0.90-2.27 for women). When comparing silhouette 9 tol we found a



significant dose-response from age 10 until age 30 peaking at age 25 (sex-adjusted OR 2.83; 95% CI 1.68-4.78). The association

was present for at least 15 years prior to disease onset. No significant associations were found in Italy.

Conclusions: Obesity from childhood until young adulthood is a likely risk factor for MS with a seemingly stronger effect in Norway

than in Italy.



Introduction

Multiple Sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system leading to disability and
reduced quality of life (1, 2). The disease is believed to be the result of a complex interplay between genetic and environmental risk
factors (3, 4). Serum analysis and indirect measures of vitamin D such as sun exposure and dietary intake of vitamin D provide

evidence suggesting that low vitamin D levels increase the risk of MS (5, 6).

Obesity is associated with reduced circulating levels of vitamin D (7, 8). An American and a Swedish study have shown that a large
body size at age 18-20 gives a twofold risk of developing MS (9, 10). Another American study found a significant increased risk for
pediatric MS among obese female teenagers (11), and in addition a Danish study reported that increased BMI at age 7-13 years
was associated with an increased risk of MS, especially among girls (12). Using data from a multinational case control study, we
aimed to examine in Norway and lItaly if a large body size prior to disease onset was associated with an age-specific or time lag-

specific increased risk of MS, and if so, whether this association differed between the countries.



Methods

Study population.

The International multicenter case-control study of Environmental Factors In Multiple Sclerosis (EnvIMS study) is a population-
based study being carried out in well-defined geographic areas in Europe (Italy, Serbia, Norway, and Sweden) and in Canada. Only

MS cases with disease duration up to 10 years were invited to the study to reduce the possibility of selection and recall bias.

The data collection has been completed in Italy and in Norway. The Norwegian cases were drawn from the nationwide Norwegian
MS Registry and Biobank, Haukeland University Hospital, city of Bergen(13). The Italian cases were drawn from regional MS
registries in Sardinia, Ferrara and the Republic of San Marino. In each country four times as many age- and area- matched controls

were selected from national population registries, and questionnaires were mailed to all eligible subjects.

The response rates to the mailings in Norway were 69.7% among cases and 36.3% among controls. In Italy including the Republic
of San Marino the response rates were lower with 41.8% among cases and 20.8% among controls. Thus, a total of 1660 cases (707
from Italy and 953 from Norway) and 3050 controls (1333 from Italy and 1717 from Norway) were included. Among the cases, 533
(32.1%) were men and 1127 (67.9%) women providing a female to male ratio of 2:1 as reported in other general MS populations

(14).

The questionnaire.



A detailed description of the study design and methodology is found elsewhere (15). The data were collected between 2009 and
2011 using a 6-page self-administered postal questionnaire (EnviMS-Q) which was previously tested for feasibility, acceptability and
reliability (15). The questionnaire was developed to assess age-specific exposures to different environmental and life style factors
such as sun-exposure, infections, smoking, body size and vitamin D intake through diet and supplements.

Body size.

The participants were asked to describe their perceived body size at ages 5, 10, 15, 20, 25, 30 years and at the time of study
participation (i.e. current age) by choosing one of Stunkard’s standard body silhouettes which are coded 1 to 9 where 9 represents
the largest body size (16) (Figure 1). This figure rating scale (FRS) has been widely used in epidemiological research (17, 18),
including a previous study on body size and the risk of MS among American female nurses (9). It has been shown to correlate well
with Body Mass Index (BMI) (19). In our study we also obtained self-reported weight and height at time of study and used this to
estimate current body mass index (BMI) as a means of examining the validity of the selected current body silhouette. The mean
BMI for each body silhouette from our study is shown in

Figure 1.

The participants also reported their smoking history (smoke/never smoked, age at first smoke, years of smoking) and outdoor

activity during summer at corresponding ages as reported body silhouettes. The latter was used as a marker for sun exposure. The



frequency of outdoor activity was reported on a four point scale (1= not that often, 2=reasonably often, 3= quite often and 4=

virtually all the time).

Statistical methods.

Controls were assigned an index age based on the distribution of age at onset for the cases and randomly distributed to the controls
taking into account current age. Reported body size after the age at onset/ index age was not considered as exposure. Logistic
regression was used to evaluate the association between body size as a categorical variable and the risk of MS and odds ratios
(ORs) are reported. Due to small sample sizes for the larger silhouettes a “large body size” category was created which combined
the silhouettes 6-9. Body silhouette 3 was chosen as the reference group, because the mean BMI for this silhouette was within
normal weight range according to the World Health Organization (WHO) definitions (20) allowing us to compare our results with a
previous study on the same topic using the same FRS and categories (9). We stratified for sex and adjusted for age group (18-39
years, 40-49 years, 50-59 years, above 60 years at the time of the study), sun exposure (outdoor activity during summer) and

smoking (smokers, ex-smokers or non-smokers at the same age as the reported body size).

We then performed logistic regression analysis including body size as a continuous variable. Using the chi-square goodness-of-fit
deviance test we examined the difference between the models using body size as a categorical and continuous variable. The model

with body size as a categorical variable did not show a significantly better fit (chi square with 13-6=7 d.f < 14.07 for all age groups in



both countries), suggesting a dose-response relationship. Further, we found no statistically significant interaction between sex and
body size, and we therefore adjusted for sex in these analyses as well as for age group, smoking and sun exposure.
We estimated the OR for each one unit increase in body size and raised this value to the power of 8 in order to present the OR for

body size 9 (largest) compared to body size 1 (smallest).

We also examined whether the association between a large body size and the risk of MS was limited to a certain time lag before the
first experienced MS symptoms. We categorized the 15 years immediately prior to disease onset into 5 groups with each group
covering a 3 year interval in order to ensure sufficient numbers in each group (i.e. 13-15 years prior to onset, 10-12 years, 7-9
years, 4-6 years, 1-3 years before onset). The individuals were placed in their respective group based on subtraction between age
of onset/index age and age of reporting their body size. For instance, if the index age was 31 a reported body size at age 25 and at
20 represented 6 years and 11 years before onset, respectively. In the logistic regression model we used body size as a continuous
variable and compared body size 9 to body size 1 following the same method as mentioned above. These analyses were adjusted

for age and sex.

Finally we used the same logistic regression model to examine if the body sizes also differed between cases and controls after
onset of disease. Our material included cases with a maximum disease duration of 10 years (some cases had 11 years due to

some delay between inclusion and return of questionnaires). Reports of body size at current age or at other ages if the disease



onset (or index age among controls) was at age 30 or younger gave us information about the change in body size from 0-11 years
after disease onset. The disease duration were divided into 4 subgroups (0-2 years, 3-5 years, 6-8 years, 9-11 years) to ensure

adequate numbers of participants in each group before calculations were made.

Odds ratios (OR) were reported with 95% confidential intervals (Cl) and p-values < 0.05 were considered statistically significant.

The analyses were done using the statistical software SPSS version 18-20.

Ethical considerations and approvals.
The cases and controls received identical formats of the EnviMS-Q together with a cover letter with information about the study, the
instructions for participation and the investigator’s contact information. The participants were de-identified using a numerical code,

and return of the questionnaire was considered as implied consent.

The EnviMS study received ethics approval in each research area in Italy (Sassari, Olbia-Tempio, Nuoro, Cagliari and Province of
Ferrara Ethics Committee) and Norway (n. 11, 18.12.2008; NORWAY, Regional Committee for Medical and Health Research Ethics

for Western Norway).



Results

The mean BMI based on self reported height and weight for each body silhouette for men and women is shown in Figure 1. The
smaller body silhouettes corresponded to a slightly higher mean BMI among men than women, which may reflect some differences
in the visual appearance of the male and female version of the FRS or could simply be due to different body build for the same BMI
value. The Spearman’s rank correlation for ordinal variables and the Pearson’s correlation for a linear relationship between body
size and BMI yielded similar results, suggesting no marked deviation from an interval scale of the body size. The analysis showed
the Spearman’s rho = 0.81 and the Pearson’s r = 0.79 for Norwegian participants, and the Spearman’s rho= 0.78 and the
Pearson’s = 0.79 for Italian participants. There was no significant difference in the correlation coefficient between cases and

controls.

Using body size as a categorical variable and body silhouette 3 as the reference group for men and women separately, we found
that the risk of MS increased with larger body size in Norway with a significant trend from age 15 until age 25. No clear trend was
found in Italy (supplementary tables 1-6). The highest risk in Norway was found at age 25 where the estimated OR for a “large body
size” (body silhouettes 6-9) was 2.10 (95% CI 1.08- 4.09) for men and 1.48 (95% CI 0.94- 2.32) for women (Table 1). Adjusting for
smoking and outdoor activity yielded similar results. Interestingly, the individuals reporting the two smallest body sizes in all age
groups from 5 years until 25 years in Norway and 5 to 20 years in Italy had a reduced risk (OR less than one) of MS compared to

body size 3.



As we found no significant interaction between sex and body size at any age (data not shown), we combined men and women when
using body size as a continuous variable. Adjusting for sex, age, smoking and outdoor activity during summer we found a
significantly increased risk of MS associated with increasing body sizes from age 10 to age 30 in Norway (Figure 2). The peak was
at age 25 with an OR of 2.83 (95% CI 1.68- 4.78) for body size 9 compared to body size 1. In Italy a moderately and non-
significantly increased risk was seen up to age 20, while no increased risk was seen for age 25 and a slightly decreased risk was
seen for age 30. One should note that since there might be a deviation from an interval scale of body sizes, one should interpret

these estimates with caution.

We also assessed the effect of body size on the risk of MS in relation to the number of years before MS onset using body size as a
continuous variable in the logistic regression analysis. In Norway the risk for body size 9 compared to body size 1 was increased
during at least 15 years before the first symptoms with peaks at 7-9 years (OR=4.72, 95% CI 2.19- 10.21) and at 1-3 years before

disease onset (OR = 3.63, 95% CI 1.41-9.33) (Figure 3). In Italy the same analyses showed no such pattern.

After the onset of MS the pattern changed with smaller body sizes among the cases relative to controls, being significantly different

at 6-8 years after onset in both countries.



Discussion

We found that a large body size during adolescence and young adulthood was associated with an increased risk of MS in Norway
with the strongest effect at around 25 years of age. In Italy we observed a similar, but statistically non-significant pattern. In
Norwegians the risk of MS related to a large body size was increased in at least 15 years prior to MS onset, indicating a possible

accumulating effect of large body size on the development of MS.

Our results are consistent with previous studies that have reported an increased risk of MS among overweight and obese persons
(9-12). Analyses of American women in the Nurses’ Health Study | and Il showed a twofold increased risk for MS later in life among
those who were obese (defined by BMI) at age 18 and among those who had a large body size (defined by Stunkard’s FRS) at age
20 (9). In a Swedish population BMI > 27 at age 20 doubled the risk of MS in both men and in women (10), and in an American
population obese girls, but not boys, aged 11-18 years had a 78% increased risk of developing pediatric MS (onset <18 years) (11).
A recent Danish prospective cohort study also discovered a stronger effect of obesity on the risk of MS among girls than among

boys aged 7-13 years (14).

In our study we were able to show that being overweight at all age periods from early childhood until 30 years of age increases the
risk of MS in Norway. Further, while previous studies have found an effect primarily for individuals who are obese, we found in our

study a dose-response relationship over the whole scale.



The apparent relationship between a large body size and the risk of MS may be due to different mechanisms. Low vitamin D levels
are associated with increased risk of MS (5, 6). Obese teenagers (21, 22) and adults (8) have decreased levels of circulating
vitamin D which can be explained by trapping of the hydrophobic vitamin D in fatty tissue (23). Thus a constant suboptimal levels of

circulating vitamin D may contribute to the increased risk of developing MS.

Obesity also leads to a chronic inflammatory state mediated by the adipose tissue (24) possibly induced by CD8+ cells (25) which
are shown to play an important role in MS-inflammation (26). Further, higher serum-levels of pro-inflammatory cytokines
(interleukin-6 and tumor necrosis factor-alfa) have been found in obese subjects indicating not only local, but also systemic
inflammation in obesity (27). A constant over-activity of the immune system due to adipositas may lead to an autoimmune cascade
influencing the disease development in MS. This idea is supported by a recent finding of a significant interaction between the MS
risk gene HLA-DRB1*15 allele and BMI > 27 suggesting that the HLA-related antigen presentation in adipose tissue leads to CNS

directed autoimmunity in MS susceptible individuals (28).

On the other hand, low vitamin D itself may also contribute to the inflammation seen in obese individuals as vitamin D has been
shown to have immunomodulatory actions (29-31) with a beneficial effect of high vitamin D levels. Added to this complexity, a large
Norwegian prospective cohort study has reported that low circulating 25(OH) vitamin D increased the incidence of obesity later in
life (32), saying that low vitamin D may be one of the causal factors of obesity. Therefore, obesity can either be a confounder for low

vitamin D status or contribute to the risk of MS through other mechanisms than those mediated through the actions of vitamin D.



Nevertheless, these observations are less likely to explain the seemingly protective effect of being in the thin end of Stunkard’s FRS
compared to the more “normal” body size 3 as one would think that the risk among the normal and thin persons would be similar if

the association between weight and MS-risk largely was due to obesity-related inflammation.

In our analyses we adjusted for outdoor activity during the relevant periods as a mediator for sun exposure. The ultraviolet radiation
from sun light both stimulates the production of vitamin D in the skin and suppresses immune responses relevant to MS
independent of vitamin D (33). The adjustment did not change the estimates noticeably. This suggests that our findings are not
simply reflecting overweight children being less outdoors and thereby having lower levels of vitamin D, and also argue against

confounding by other immunomodulatory effects of ultraviolet radiation.

Our study is the first to investigate the association between body size and the risk of MS in a southern European population. We did
not find any clear associations in the Italian data. It is difficult to interpret the divergent results in the two countries, but it might be
related to differences in the genetic profile or dietary habits. Still, a similar trend of inverse association between obesity and vitamin

D levels are seen in Italy as in Norway (34, 35).

Our study has several strengths, but also some limitations. One of them is the low response rates among controls. For this reason
we cannot rule out the possibility of selection bias having some impact on our results. The mean BMI is significantly lower among

both cases and controls in Italy compared to Norway (data not shown) indicating a generally “thinner” study population in Italy.



Another limitation of our study relates to the subjective self-reporting of body size at various ages and height and weight at the time
of study participation. However, the participants were encouraged to ask their parents or other near relatives in case of hesitation
when answering the EnviIMS-Q. Further, we found no significant difference in the correlation of BMI and body size between cases

and controls at study time. This argues against a difference in self-perception of body size in relation to disease status and also a

difference in recall.

In summary, we have shown that a large body size from childhood to adulthood is associated with MS in Norway, but less so in

Italy. This might relate to low circulating vitamin D or a chronic inflammatory state in obese individuals.
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Table 1. The risk of MS compared to body size 3 at age 25 in Norway.

Men 25 years

Women 25 years

Body size

Controls/ cases (N(%))

OR® (95% Cl)

OR® (95% Cl)

Controls/ cases (N(%))

OR? (95% Cl)

OR® (95% Cl)

1

2

3

4

5

6-9

38 (10%)/15 (6%)
87 (22%)/42 (17%)
123 (31%)/70 (28%)
82 (21%)/70 (28%)
48 (129%)/28 (11%)

20 (5%)/25 (10%)

0.72 (0.37-1.40)
0.86 (0.54-1.38)
1 (ref)

1.47 (0.95-2.28)
0.99 (0.57-1.73)

2.10 (1.08-4.09)

0.69 (0.34-1.38)
0.83 (0.51-1.36)
1 (ref)

1.54 (0.98-2.44)
0.95 (0.53-1.68)

2.21 (1.09-4.46)

79 (8%)/33 (6%)

244 (23%)/102 (19%)
300 (29%)/146 (27%)
236 (23%)/131 (24%)
132 (13%)/85 (16%)

55 (5%)/43 (8%)

0.87 (0.55-1.37)
0.87 (0.64-1.18)
1 (ref)

1.12 (0.84-1.51)
1.28 (0.91-1.79)

1.48 (0.94-2.32)

0.88 (0.55-1.41)
0.87 (0.63-1.19)
1 (ref)

1.17 (0.86-1.58)
1.34 (0.95-1.90)

1.43 (0.90-2.27)

Total

398 (100%)/250 (100%)

1046 (100%)/540 (100%)

P-trend

0,01

0,005

0,004

0,004

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; P Odds ratios adjusted for age-group, smoking and sunexposure



SUPPLEMENTAL TABLES

Table 1. The risk of MS compared to body size 3 at age 5 in Norway and ltaly.

NORWAY Men 5 years Women 5 years

Body Size  Controls/ cases (N(%)) OR (95% CI) OR*(95% ClI) Controls/ cases (N(%)) OR (95% CI) OR*(95% CI)

1 188 (42%)/ 94 (36%) 0.61 (0.38-0.98) 0.61 (0.38-0.97) 425(35%)/ 198 (31%) 0.85 (0.64-1.14) 0.89 (0.67-1.19)
2 115 (26%)/ 69 (26%) 0.73(0.45-1.19)  0.74 (0.45-1.22) 306 (25%)/ 165 (26%) 0.95(0.71-1.28)  1.00 (0.74-1.36)
3 56 (13%)/ 46 (18%) 1 (ref) 1 (ref) 200 (16%)/ 114 (18%) 1 (ref) 1 (ref)

4 31 (7%)/ 26 (10%) 1.03 (0.53-1.98) 1.05 (0.55-2.04) 156 (13%)/ 90 (14%) 1.04 (0.73-1.47) 1.07 (0.76-1.53)
5 29 (7%)/ 17 (7%) 0.72 (0.35-1.47) 0.71 (0.35-1.46) 83 (7%)/ 45 (7%) 0.99 (0.64-1.52) 1.00 (0.64-1.54)
6-9 25 (6%)/ 9 (3%) 0.43 (0.18-1.02) 0.46 (0.20-1.10) 43 (4%)/ 29 (5%) 1.24 (0.73-2.11) 1.26 (0.74-2.15)
Total 444 (100%)/ 261 (100%0) 1213 (100%)/641 (100%)

P-trend 0.48 0.32 0.09 0.11

ITALY Men 5 years Women 5 years

Body Size Controls/ cases (N(%)) OR (95% ClI) OR*(95% ClI) Controls/ cases (N(%)) OR (95% CI) OR*(95% ClI)




170 (45%)/ 96 (42%)

0.82 (0.49-1.40)

0.80 (0.47-1.38)

377 (49%)/ 159 (42%)

0.74 (0.50-1.09)

0.76 (0.51-1.13)

2 84 (22%)/ 54 (23%) 0.93 (0.52-1.65)  0.93 (0.52-1.67) 153 (20%)/ 96 (25%) 1.08 (0.71-1.66)  1.11 (0.72-1.71)
3 46 (12%)/ 31 (13%) 1 (ref) 1 (ref) 90 (12%)/ 52 (14%) 1 (ref) 1 (ref)

4 32 (9%)/ 20 (9%) 0.94 (0.45-1.93)  0.94 (0.45-1.98) 70 (9%)/ 39 (10%) 0.96 (0.57-1.61)  0.97 (0.57-1.65)
5 24 (6%)/ 16 (7%) 0.97 (0.44-2.11)  0.84(0.37-1.90) 52 (7%)/ 21 (6%) 0.70 (0.38-1.29)  0.76 (0.41-1.41)
6-9 19 (5%)/ 14 (6%) 1.05 (0.46-2.42)  1.02(0.44-2.37) 25 (3%)/ 10 (3%) 0.68 (0.30-1.54)  0.67 (0.30-1.51)
Total 375 (100%)/ 231 (100%) 767 (100%)/ 377 (100%)

P-trend 0.40 0.49 0.62 0.69

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; P Odds ratios adjusted for age-group and sunexposure



Table 2. The risk of MS compared to body size 3 at age 10 in Norway and Italy.

NORWAY Men 10 years Women 10 years

Body Size Controls/ cases (N(%)) OR (95% ClI) OR*(95% ClI) Controls/ cases (N(%)) OR (95% CI) OR*(95% ClI)

1 153 (34%)/ 67 (25%) 0.60 (0.37-0.97) 0.59 (0.36-0.96) 350 (29%)/ 158 (25%) 0.85 (0.63-1.15) 0.87 (0.64-1.18)
2 141 (32%)/ 96 (36%) 0.92 (0.58-1.47) 0.89 (0.55-1.41) 360 (30%)/ 184 (29%) 0.93 (0.69-1.24) 0.94 (0.70-1.26)
3 62 (14%)/ 46 (17%) 1 (ref) 1 (ref) 206 (17%)/ 115 (18%) 1 (ref) 1 (ref)

4 41 (9%)/ 25 (9%) 0.82 (0.44-1.54) 0.88 (0.47-1.67) 166 (14%)/ 111 (17%) 1.23(0.88-1.72)  1.25(0.89-1.75)
5 22 (5%)/ 18 (7%) 1.12 (0.54-2.33) 1.11 (0.53-2.32) 87 (7%)/ 50 (8%) 1.04 (0.68-1.58) 0.99 (0.65-1.51)
6--9 25 (6%)/ 12 (5%) 0.66 (0.30-1.45) 0.71 (0.32-1.60) 46 (4%)/ 25(4%) 1.03 (0.60-1.76) 1.08 (0.62-1.86)
Total 444 (100%)/ 264(100%) 1215 (100%)/ 643 (100%)

P-trend 0.2 0.11 0.05 0.07

ITALY Men 10 years Women 10 years

Body Size Controls/ cases (N(%)) OR (95% CI) OR*(95% ClI) Controls/ cases (N(%)) OR (95% CI) OR*(95% CI)

1 114 (30%)/ 65 (28%) 0.63 (0.37-1.06) 0.63 (0.37-1.07) 311 (40%)/ 137 (36%) 0.70 (0.48-1.02) 0.71 (0.49-1.05)%



2 128 (34%)/ 65 (28%)

0.56 (0.34-0.94)

0.58 (0.34-0.98)

195 (25%)/ 100 (26%)

0.81 (0.54-1.20)

0.79 (0.53-1.19)

3 48 (13%)/ 42 (18%) 1 (ref) 1 (ref) 100 (13%)/ 64 (17%) 1 (ref) 1 (ref)

4 49 (13%)/ 31 (14%) 0.72 (0.39-1.34) 0.72 (0.39-1.35) 81 (10%)/ 41 (11%) 0.80 (0.49-1.30)  0.77 (0.47-1.26)
5 15 (4%)/ 17 (7%) 1.25 (0.55-2.81) 1.19 (0.52-2.70) 60 (8%)/ 20 (5%) 0.52 (0.29-0.94)  0.54 (0.30-0.99)
6--9 22 (6%)/ 9 (4%) 0.46 (0.19-1.11) 0.47 (0.20-1.15) 29 (4%)/ 18 (5%) 0.96 (0.49-1.86)  0.93 (0.48-1.82)
Total 376 (100%)/ 229 (100%) 776(100%)/ 380 (100%)

P-trend 0.32 0.36 0.67 0.77

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; P Odds ratios adjusted for age-group and sunexposure



Table 3. The risk of MS compared to body size 3 at age 15 in Norway and Italy.

NORWAY Men 15 years Women 15 years

Body Size  Controls/ cases (N(%)) OR?2 (95% CI) ORP (95% CI) Controls/ cases (N(%)) OR2 (95% CI) ORP (95% CI)

1 102 (23%)/ 38 (14%) 0.48 (0.30-0.78) 0.47 (0.29-0.78) 240 (209%)/ 99 (15%) 0.76 (0.56-1.04) 0.77 (0.56-1.06)
2 158 (36%)/ 87 (33%) 0.71 (0.47-1.07)  0.67 (0.44-1.02 331 (27%)/ 171 (27%) 0.92 (0.70-1.21)  0.92 (0.70-1.22)
3 91 (20%)/ 71 (26%) 1 (ref) 1 (ref) 281 (23%)/ 157 (24%) 1 (ref) 1 (ref)

4 50 (11%)/ 40 (15%) 1.03 (0.61-1.72)  1.04 (0.61-1.78) 227 (19%)/ 127 (20%) 1.00 (0.74-1.34)  0.98 (0.73-1.33)
5 25 (6%)/ 16 (6%) 0.83 (0.41-1.67) 0.76 (0.36-1.60) 96 (8%)/ 63 (10%) 1.20 (0.82-1.74) 1.16 (0.79-1.71)
6-9 16 (4%)/ 15 (6%) 1.22 (0.56-2.64) 1.13 (0.51-2.53) 34 (3%)/ 25 (4%) 1.31 (0.75-2.29) 1.28 (0.72-2.26)
Total 442 (100%)/ 267 (100%) 1209 (100%)/ 642 (100%)

P-trend 0.003 0.004 0.01 0.023

ITALY Men 15 years Women 15 years

Body Size  Controls/ cases (N(%)) OR? (95% CI) ORP (95% CI) Controls/ cases (N(%)) OR? (95% CI) ORP (95% CI)

1 62 (17%)/ 37 (17%) 0.73(0.42-1.25)  0.80 (0.45-1.43) 180 (23%)/ 86 (23%) 0.77 (0.54-1.11)  0.75 (0.51-1.09)



2 132 (36%)/ 67 (30%)

0.65 (0.42-1.02)
1 (ref)

0.80 (0.46-1.40)
1.05 (0.52-2.10)

0.61 (0.25-1.52)

0.67 (0.42-1.08)

0.84 (0.47-1.51)
1.06 (0.50-2.25)

0.71 (0.28-1.83)

240 (31%)/ 91 (24%)
157 (20%)/ 98 (26%)
102 (13%)/ 57 (15%)
71 (9%)/ 30 (8%)

29 (4%)/ 17 (4%)

0.61 (0.43-0.86)
1 (ref)

0.89 (0.59-1.34)
0.66 (0.40-1.09)

0.91 (0.47-1.75)

0.57 (0.39-0.81)

0.94 (0.62-1.44)
0.69 (0.42-1.14)

0.99 (0.51-1.95)

779 (100%)/ 379 (100%)

3 78 (21%)/ 60 (27%)

4 51 (14%)/ 32 (14%)

5 24 (7%)/ 19 (9%)

6-9 17 (5%)/ 8 (4%)

Total 364 (100%)/ 223 (100%)
P-trend

0.39

0.59

0.37

0.13

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; b Odds ratios adjusted for age-group, smoking and sunexposure



Table 4. The risk of MS compared to body size 3 at age 20 in Norway and Italy.

NORWAY Men 20 years Women 20 years

Body Size Controls/ cases (N(%)) OR?2 (95% CI) ORP (95% CI) Controls/ cases (N(%)) OR2 (95% CI) ORP (95% CI)

1 56 (13%)/ 21 (8%) 0.51 (0.28-0.91)  0.52(0.28-0.94) 149 (13%)/60 (10%) 0.76 (0.54-1.09) 0.73 (0.51-1.05)
2 140 (32%)/61 (23%) 0.58 (0.38-0.89)  0.57 (0.37-0.88) 291 (25%)/145 (23%) 0.92 (0.70-1.21) 0.88 (0.67-1.16)
3 107 (25%)/79 (30%) 1 (ref) 1 (ref) 323 (28%)/177 (29%) 1 (ref) 1 (ref)

4 79 (18%)/59 (23%) 1.0 (0.64-1.57) 1.02 (0.64-1.62) 253 (22%)/121 (20%) 0.87 (0.66-1.16)  0.87 (0.66-1.16)
5 35 (8%)/26 (10%) 1.02 (0.56-1.82)  1.01(0.55-1.87) 104 (9%)/83 (13%) 1.43 (1.01-2.01) 1.41(1.0-1.98)
6-9 14 (3%)/16 (6%) 1.58 (0.72-3.45)  1.48 (0.69-3.22) 50 (4%)/32 (5%) 1.11 (0.68-1.79) 1.01 (0.63-1.63)
Total 431 (100%)/262 (100%) 1170 (100%)/618 (100%)

P-trend 0.0005 0.001 0.03 0.02

ITALY Men 20 years Women 20 years

Body Size Controls/ cases (N(%)) OR2 (95% CI) ORP (95% ClI) Controls/ cases (N(%)) OR? (95% CI) ORP (95% ClI)

1 33 (10%)/ 23 (11%) 0.92 (0.49-1.74)  0.91 (0.46-1.78) 114 (16%)/ 43 (12%) 0.69 (0.45-1.07) 0.74 (0.47-1.17)



2 87 (26%)/ 48 (23%)

0.80 (0.50-1.29)
1 (ref)

0.89 (0.56-1.43)
0.71 (0.34-1.51)

0.98 (0.39-2.43)

0.78 (0.47-1.29)
1 (ref)

0.98 (0.60- 1.62)
0.96 (0.44-2.11)

0.88 (0.34-2.30)

234 (32%)/ 105 (30%)
177 (24%)/ 97 (28%)
131 (18%)/ 65 (19%)
46 ( 6%)/ 24 (7%)

21 (3%)/ 14 (4%)

0.82 (0.59-1.16)
1 (ref)

0.90 (0.61-1.33)
0.95 (0.54-1.65)

1.19 (0.58-2.45)

0.83 (0.58-1.19)
1 (ref)

0.95 (0.63-1.43)
0.96 (0.53-1.73)

1.30 (0.60-2.83)

3 93 (28%)/ 67 (32%)

4 79 (24%)/ 51 (24%)

5 25 (8%)/ 13 (6%)

6-9 13 (4%)/ 9 (4%)

Total 330 (100%)/ 211 (100%)

723 (100%)/ 348 (100%)

P-trend

0.97

0.61

0.12

0.13

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; POdds ratios adjusted for age-group, smoking and sun exposure



Table 5. The risk of MS compared to body size 3 at age 25 in Norway and ltaly.

NORWAY Men 25 years Women 25 years

Body Size Controls/ cases (N(%)) OR?2 (95% CI) ORP (95% CI) Controls/ cases (N(%)) OR2 (95% CI) ORP (95% CI)

1 38 (10%)/15 (6%0) 0.72 (0.37-1.40)  0.69 (0.34-1.38) 79 (8%)/33 (6%) 0.87 (0.55-1.37)  0.88 (0.55-1.41)
2 87 (22%)/42 (17%) 0.86 (0.54-1.38)  0.83 (0.51-1.36) 244 (23%)/102 (19%) 0.87 (0.64-1.18) 0.87 (0.63-1.19)
3 123 (31%)/70 (28%) 1 (ref) 1 (ref) 300 (29%)/146 (27%) 1 (ref) 1 (ref)

4 82 (21%)/70 (28%) 1.47 (0.95-2.28)  1.54 (0.98-2.44) 236 (23%)/131 (24%) 1.12 (0.84-1.51)  1.17 (0.86-1.58)
5 48 (12%)/28 (11%) 0.99 (0.57-1.73)  0.95(0.53-1.68) 132 (13%)/85 (16%) 1.28 (0.91-1.79)  1.34 (0.95-1.90)
6-9 20 (5%)/25 (10%) 2.10 (1.08-4.09)  2.21(1.09-4.46) 55 (5%)/43 (8%) 1.48 (0.94-2.32) 1.43(0.90-2.27)
Total 398 (100%)/250 (100%0) 1046 (100%)/540 (100%)

P-trend 0.01 0.005 0.004 0.004

ITALY Men 25 years Women 25 years

Body Size Controls/ cases (N(%)) OR? (95% ClI) OR® (95% ClI) Controls/ cases (N(%)) OR2 (95% CI) ORP (95% ClI)
1 12 (5%)/ 8 (5%) 0.84 (0.32-2.25) 0.87 (0.30-2.52) 59 (10%)/ 24 (8%) 0.88 (0.51-1.51) 0.98 (0.56-1.73)



1.01 (0.58-1.75)
1 (ref)

0.82 (0.48-1.39)
0.82 (0.43-1.56)

1.04 (0.40-2.68)

1.01 (0.56-1.82)
1 (ref)

0.84 (0.48-1.49)
1.08 (0.54-2.17)

1.08 (0.37-3.12)

182 (30%)/ 89 (31%)
189 (32%)/ 87 (30%)
108 (18%)/ 55 (19%)
42 (7%)] 23 (8%)

19 (3%)/ 9 (3%)

1.07 (0.75-1.54)
1 (ref)

1.10 (0.73-1.66)
1.19 (0.67-2.10

1.02 (0.44-2.35)

1.12 (0.77-1.64)
1 (ref)

1.17 (0.76-1.81)
1.17 (0.65-2.11)

1.00 (0.41-2.44)

2 54 (21%)/ 38 (23%)

3 77 (29%)/ 51 (31%)

4 70 (27%)/ 40 (24%)

5 38 (14%)/ 21 (13%

6-9 12 (5%)/ 9 (5%)

Total 263 (100%)/ 167 (100%)

599 (100%)/ 287 (100%)

P-trend

0.65

0.95

0.58

0.77

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; POdds ratios adjusted for age-group, smoking and sun exposure



NORWAY Men 30 years Women 30 years

Table 6. The risk of MS compared to body size 3 at age 30 in Norway and Italy.



Body Size

Controls/ cases (N(%))

OR (95% CI)

OR*(95% Cl)

Controls/ cases (N(%))

OR (95% Cl)

OR*(95% CI)

1 19 (6%)/ 9 (4%) 0.89 (0.37-2.12)  0.96 (0.38-2.42) 43 (5%)/ 17 (4%) 0.80 (0.44-1.47) 0.70 (0.37-1.31)
2 55 (16%)/ 36 (17%) 1.22 (0.70-2.13)  1.00 (0.56-1.80) 139 (16%)/ 69 (15%) 0.99 (0.69-1.43) 0.93 (0.63-1.36)
3 86 (25%)/ 45 (21%) 1 (ref) 1 (ref) 232 (26%)/ 120 (26%) 1 (ref) 1 (ref)

4 103 (30%)/ 63 (29%) 1.14 (0.70-1.85) 1.23 (0.74-2.06) 242 (28%)/ 125 (27%) 0.97 (0.71-1.32) 0.96 (0.69-1.32)
5 53 (15%)/ 32 (15%) 1.12 (0.63-1.98)  1.13 (0.62-2.07) 150 (17%)/ 73 (16%) 0.90 (0.63-1.29) 0.91 (0.63-1.32)
6-9 29 (8%)/ 30 (14%) 1.96 (1.04-3.68)  1.96 (1.00-3.79) 72 (8%)/ 54 (12%) 1.35(0.89-2.06) 1.28 (0.83-1.98)
Total 345 (100%)/ 215 (100%) 878 (100%)/ 458 (100%)

P-trend 0.16 0.08 0.35 0.24

ITALY Men 30 years Women 30 years

Body Size Controls/ cases (N(%)) OR (95% CI) OR*(95% ClI) Controls/ cases (N(%)) OR (95% CI) OR*(95% CI)

1 6 (3%)/ 3 (2%) 0.61 (0.14-2.70) 0.82 (0.17-4.0) 35 (8%)/ 8 (4%) 0.59 (0.26-1.36) 0.57 (0.23-1.37)
2 14 (7%)/ 23 (18%) 2.67 (1.21-5.88)  2.79 (1.21-6.46) 91 (21%)/ 60 (29%) 1.74 (1.12-2.71)  1.70 (1.07-2.70)
3 60 (30%)/ 36 (29%) 1 (ref) 1 (ref) 159 (36%)/ 60 (29%) 1 (ref) 1 (ref)
4 50 (25%)/ 32 (25%) 1.02 (0.55-1.89) 1.19 (0.61-2.32) 100 (23%)/ 48 (23%) 1.25(0.79-1.98) 1.21 (0.75-1.97)
5 48 (24%)/ 26 (21%) 0.88 (0.47-1.67) 0.94 (0.47-1.85) 40 (9%)/ 26 (13%) 1.72 (0.97-3.07) 1.65(0.91-3.01



6--9 20 (10%)/ 6 (5%) 0.49 (0.18-1.37)  0.59 (0.19-1.83) 17 (4%)/ 5 (2%) 0.78 (0.27-2.21)  0.68 (0.21-2.17)

Total 198 (100%)/ 126 (100%) 442 (100%)/ 207 (100%)

P-trend 0.03 0.05 0.75 0.84

N: Numbers; OR: odds ratios; Cl: Confidential intervals; 20dds ratios adjusted for age groups; POdds ratios adjusted for age-group, smoking and sun exposure
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