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Abstract

Objective—To investigate the association between obesity and multiple sclerosis (MS) while
accounting for established genetic and environmental risk factors.

Methods—~Participants included members of Kaiser Permanente Medical Care Plan, Northern
California Region (KPNC) (1,235 MS cases and 697 controls). Logistic regression models were
used to estimate odds ratios (ORs) with 95% confidence intervals (95% CI). Body mass index
(BMI) or body size was the primary predictor of each model. Both incident and prevalent MS
cases were studied.

Results—In analyses stratified by gender, being overweight at age 10 and 20 were associated
with MS in females (p<0.01). Estimates trended in the same direction for males, but were not
significant. BMI in 20’s demonstrated a linear relationship with MS (p-trend=9.60 x 10™), and a
twofold risk of MS for females with a BMI = 30 kg/m? was observed (OR = 2.15, 95% CI 1.18,
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3.92). Significant associations between BMI in 20’s and MS in males were not observed.
Multivariate modeling demonstrated that significant associations between BMI or body size with
MS in females persisted after adjusting for history of infectious mononucleosis and genetic risk
factors, including HLA-DRB1*15:01 and established non-HLA risk alleles.

Interpretation—Results show that childhood and adolescence obesity confer increased risk of
MS in females beyond established heritable and environmental risk factors. Strong evidence for a
dose-effect of BMI in 20’s and MS was observed. The magnitude of BMI association with MS is
as large as other known MS risk factors.

Search Terms
multiple sclerosis; childhood; adolescence; genetics; risk factors in epidemiology

INTRODUCTION

Multiple sclerosis (MS) is a severe and complex disease of the central nervous system
(CNS) that affects over 400,000 Americans and 2.5 million people worldwide.[1] It remains
the second leading cause of neurological disability in young to middle-aged adults.[2] While
advances in clinical management have been made over the past 30 years, long-term
prognosis for most individuals diagnosed with MS remains poor.[3] After 20 years from
onset, more than 60% of individuals with MS require ambulatory assistance; very
progressive MS occurs in approximately 5-10% of individuals.[2,4] Strong evidence
supports the contribution of both genetic and environmental factors to disease susceptibility
as demonstrated by increased, though incomplete, disease concordance among monozygotic
twins (~25%) compared to dizygotic twins (~5%).[5—7] Substantial progress has been made
towards the identification of several MS risk factors including the HLA-DRB1*15:01 allele
within the major histocompatibility complex (MHC) and other non-HLA genetic variants,
[8-10] as well as exposure to tobacco smoke, Epstein-Barr Virus (EBV) infection, and lower
levels of vitamin D;[11-13] however, the mechanisms underlying disease pathogenesis are
still undefined.

Recently, obesity has emerged as an important risk factor for MS. Association between body
mass at age 18[14] or age 20[15] and MS onset later in life was observed in two studies,
where obese participants demonstrated greater than a twofold increase in risk of MS
compared to those at normal weight. Additionally, childhood obesity and risk of both
pediatric[16] and later onset[17] MS was reported. In pediatric cases, an increased risk was
more prominent amongst females, and extremely obese children had over three times the
odds of developing disease compared to normal weight children.[16] In a Danish study,
childhood obesity was associated with 1.75 increased risk of developing MS later in life
when comparing BMI of girls = 95t percentile to girls < 85™ percentile.[17] While obesity
has been shown convincingly to be associated with MS, previous studies have not
investigated this relationship while accounting for effects of other established risk factors.
As both childhood and adolescence may be critical exposure periods for MS,[18] this study
aimed to examine whether body size/mass during childhood and adolescence were
associated with MS while controlling for a number of environmental and genetic risk
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factors, including history of infectious mononucleosis and HLA-DRB1*15:01 status, the
strongest genetic contributor to MS.[19]

METHODS

Participants

Data were collected from members of Kaiser Permanente Medical Care Plan, Northern
California Region (KPNC). Both incident and prevalent MS cases were studied. KPNC is an
integrated health services delivery system with a membership of 3.2 million that comprises
about 25-30% of the population of a 22 county service area and is the largest healthcare
provider in northern California. Comparisons with the general population have shown that
the membership is objectively representative; however, persons in impoverished
neighborhoods are underrepresented.[20] The membership is stable with 64% of all
members, and over 72% of those aged 40 or more years, maintaining membership for five
years or more. Individuals with chronic conditions such as MS have historically been more
likely to remain members. The KPNC MS Research Program was recently established to
support epidemiologic investigations of both genetic and environmental risk factors in a
large, population-based study sample.

Eligible KPNC cases were defined as: individuals with a diagnosis of MS by a neurologist
(multiple sclerosis, ICD9 code 340.xx; 95% had at least two MS diagnoses by a
neurologist), current age of 18 through 69 years, and membership in KPNC at initial contact.
The study was restricted to white (non-Hispanic) race/ethnicity, the population with the
highest prevalence of MS. The treating neurologist of each MS case was contacted for
approval to contact each case as a potential MS study participant. Eligibility for the study
was confirmed at initial contact, and diagnoses were validated utilizing medical record
review and published diagnostic criteria.[21-22]

Controls were KPNC current members without a diagnosis of MS or related condition (optic
neuritis, transverse myelitis, or demyelination disease; ICD9 codes: 340, 341.0, 341.1,
341.2, 341.20, 341.21, 341.22, 341.8, 341.9, 377.3, 377.30, 377.39, and 328.82) confirmed
through electronic records, and white (non-Hispanic) race/ethnicity. Potential study
participants were contacted by mail with a follow-up phone call to explain the study and
procedures. The average participation rate was 58% for controls and 79% for cases. A total
of 1,932 individuals (1,235 MS cases and 697 controls) with data on body size were studied
at the time of the data freeze (February 2013). Study protocols were approved by the
Institutional Review Boards (IRB) of KPNC and the University of California, Berkeley.

KPNC Exposure Assessment

KPNC participants completed a computer-assisted telephone interview (CATI) administered
by trained staff interviewers and comprised of questions related to various events and
exposures. Education level was defined as the self-reported highest education level attained
on an 8-point scale: “none”; “grade school only (1-8)”; “some high school”; “not high
school graduate”; “high school graduate or GED”; “some college or technical/trade/vocation

school or associate’s degree”; “bachelor’s degree”; “master’s degree”; and “doctoral
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degree.” Smoking was classified as ever or never based on: “Have you ever smoked at least
one cigarette per day for one month or more?” Sun exposure at 10 years of age was assessed
by asking “At 10 years of age, how often did you sunbathe in the summer (lay in the sun
with a bathing suit on between the hours of 10am-2pm)?” and categorized as: ““almost
every day”; “2-5 days per week™; “at least once per week™; “1-2 times per month”; and
“never”. Physical activity at 10 years of age was determined by inquiring: “Overall, as a
young girl/boy at 10 years of age you were:” with possible responses being “not physically
active”; “a little physically active”; “moderately physically active”; and “very physically
active”. Additional information included residence at birth and age 10 (city, state), birth
weight, having been breastfed as an infant, mother and father’s body size at age 30, and
history of infectious mononucleosis as a proxy for pre-MS EBV serostatus, which was not
available for study participants. EBV exposure can manifest as infectious
mononucleosis[23] and previous epidemiologic studies have repeatedly shown association
between this condition and the development of MS.[24] Onset year of MS, determined as
year of first self-reported symptom, and age of diagnosis were determined based on a series
of standardized CATI questions including: “How old were you when you had your first
symptoms of MS?”, “How old were you when a doctor first told you that you had MS?”
Year for symptom onset and age of diagnosis were calculated using date of birth provided in
the electronic medical record (EMR). Additional questions such as “Prior to being
diagnosed, which of the following describes your very first MS symptoms which lasted for 3
or more days?” (13 possible first symptoms were defined). When possible, EMR data were
used to validate self-reported symptoms.

KPNC study participants reported their current weight and height at the time of the
interview, as well as their highest and lowest (non-pregnancy) weight during their 20’s, and
their 30’s. Self-reported height and weight have repeatedly been shown to be valid for
identifying relationships in epidemiologic studies, as self-reported and measured weights
show strong correlation.[25-26] Previous studies have also demonstrated that recalled
weight at 18 years of age and self-reported height are highly valid,[27] including Troy et al.
(1995) in which women aged 25-42 in the Nurses’ Health Study Il were examined.[28]

Body mass index (BMI) for each participant was calculated by dividing weight in kilograms
by height reported at time-of-interview in meters squared. Mean BMI of each participant
was calculated by averaging the highest and lowest BMI during each period. BMI categories
were divided according to the World Health Organization’s definitions: <18.5 kg/m?
(underweight), 18.5-<25 kg/m? (normal weight), 25-<30 kg/m? (overweight), and = 30
kg/m?2 (obese). The categories for normal and overweight were subdivided to measure
smaller variations in MS risk analogous to previous studies: <18.5, 18.5-<21, 21-<23, 23—
<25, 25-<27, 27—<30, and = 30.[14-15]

KPNC participants were asked to recall body size at age 10 and age 20 from one of four
categories (“underweight,” “just about right,” “little overweight,” or “very overweight”),
with the two overweight categories combined for analyses. Participants also identified their
body type at time-of-interview, age 10, age 20, and age 30 from one of nine body
silhouettes, which ranged from very thin to extremely obese.[29] The largest four body type
categories were combined for consistency with prior studies[14] and to avoid small sample
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size in these categories. At the time of the data freeze, silhouette body type information was
obtained for 72.5% of the dataset (906 cases and 496 controls). Missing data were included
as an indicator variable.

Whole blood was collected, processed and extracted for DNA using Gentra Puregene
protocol. Saliva was collected using Oragene kits. Medium resolution HLA-DRB1 and
genome-wide SNP genotyping was performed as previously described.[10,19,30]
Additionally, a weighted genetic risk score (WGRS) was calculated for each individual that
combines the weighted OR from each of 110 non-MHC MS susceptibility loci identified
through recent GWAS and follow-up studies.[10,31,32] The wGRS was calculated by
multiplying the number of risk alleles for each locus by the weight for that variant and then
taking the sum across the 110 loci. Genetic data were available for 88% of study participants
(86% of males; 89% of females).

Statistical Analyses

Demographic differences between cases and controls were compared using X2 test and
independent sample t-test where appropriate; Fisher’s exact test was utilized in instances
with small cell counts. Stratified analyses were performed for female and male cases and
controls due to conflicting evidence regarding the relationship between BMI and MS by
gender [15-17]. Logistic regression models were used to study multiple risk factors in
addition to BMI in KPNC cases and controls. The primary predictor of each multivariate
model was BMI/ body size at various ages, adjusted for year of birth, self-reported history of
cigarette smoking, and college education. Tests for linear trend across BMI categories were
assessed by modeling BMI categories as continuous, ordinal variables. Both crude and
adjusted ORs with 95% Cls were estimated.

When individually added to the multivariate model, latitude at birth and age 10 (calculated
from city and state of residence at these time points), physical activity at age 10, sun
exposure at age 10, having been breastfed as an infant, birth weight, mother’s body size at
30, and father’s body size at 30 did not significantly contribute to the models (p>0.10) and
thus were not included in subsequent analyses. Self-reported history of infectious
mononucleosis, number of copies of (HLA)-DRB1*15:01, as well as individual WGRS, were
included in final models to investigate if body size/mass contributed to MS risk after
adjusting for these established risk factors.

To minimize the potential for reverse causality of MS on body mass and body size, analyses
were restricted to MS cases where age of first symptom was > 15 years old for variables
involving childhood (39 MS cases excluded; N=1,196 cases), = 30 years old for variables
involving BMI during 20’s (an additional 499 cases excluded; N= 697 cases), and = 40 for
variables involving BMI during 30’s (an additional 431 cases excluded; N= 266 cases).
Spearman’s rank correlation coefficients were computed to measure the relationship
between body size variables at various ages, and Wald tests were conducted to measure
differences between full and restricted models. All analyses were conducted in Stata v11.2
(StataCorp, TX). This study was focused on a single hypothesis established a priori. A type |
error of 5% (a=0.05) was utilized for significance. Attributable risk percent for measures of
body size was calculated as: [(OR-1/OR)*100].

Obes Res Clin Pract. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gianfrancesco et al.

RESULTS

Page 6

Demographic differences between female MS cases and controls (986 cases, 585 controls)
were found with respect to year of birth and education (Table I). Further, smoking status,
ever having infectious mononucleosis, DRB1*15:01 status and wGRS were strongly
associated with MS. There was no significant difference in BMI at time-of-interview in
females. Within males, there were significant differences between cases and controls (249
cases, 112 controls) for BMI at time-of-interview, DRB1*15:01 status and wGRS.

Female report of being a little/very overweight during childhood was weakly correlated with
report of being a little/very overweight in one’s twenties (Spearman’s rank correlation
coefficient p = 0.34); mean BMI in one’s 20°s (p = 0.23), and mean BMI in one’s 30’s (p =
0.23). Body silhouette report at age 20 and at age 30 were also weakly correlated with body
silhouette report at childhood (ages 10 & 20 p =0.35; 10 & 30 p = 0.33; 20 & 30 p = 0.33).
Wald tests determined that statistical models including body size variables at all ages were
not significantly different from models including only a single body size variable (p>0.10),
thus results were reported only for restricted models.

Being a little/very overweight at age 10 was significantly associated with MS (p=3.00 x
1073), as was report of being a little/very overweight at age 20 in females (p=2.50 x 1073)
(Table I1). Estimates trended in the same direction for males, but were not significant. For
females, increased odds of MS were significantly associated with BMI in 20°s for categories
21-<23 kg/m? (1.39, 95% CI 1.02, 1.91), 25-<27 kg/m? (1.77, 95% CI 1.06, 2.97), and = 30
kg/m?2 (2.15, 95% CI 1.18, 3.92) (p-value for trend = 9.60 x 10~4). No associations between
BMI in 30’s and MS were observed in females within any BMI category. Significant
associations between BMI in 20’s and MS in males were not observed; however, some
evidence of a protective effect for BMI in 30°s was revealed (p-value for trend = 0.04).

Multivariate models examining body size at age 10 and susceptibility to MS in females, and
restricted to individuals with complete genetic information, demonstrated a consistent and
more pronounced association after controlling for conventional covariates (age, smoking,
and education), history of infectious mononucleosis, and various genetic factors relating to
MS predisposition (Table I11a). Similarly, this association was evident for body size at age
20 (Table 111b) and mean BMI in 20’s (Table Ilic) in females. There was no association
between body size/BMI at any age period and MS in males when restricting to individuals
with complete genetic information and controlling for conventional covariates. Associations
remained insignificant when infectious mononucleosis and genetic risk factors were added
to the model (data not shown).

When variables of body size during childhood and mean BMI in twenties were considered in
the same model and multivariate analyses restricted to female MS cases with age at onset
between 20 and 30 years old, report of being a little/very overweight at age 10 was
significantly different from controls (p=0.01), while being little/very overweight at age 20
was not (p=0.68) (Figure 1). In contrast, female MS cases with age at onset 30 years old or
later, being a little/very overweight at age 10 was not significant (p=0.14), and report of
being a little/very overweight at age 20 was significant (p=0.049).
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Body size as reported by silhouette identification was not significantly different between
female cases and controls at time-of-interview (Supplementary Table I). Report of larger
body size at age 10, however, was associated with increased odds of MS (adjusted OR body
size 5vs. 3=1.59, 95% CI 1.01, 2.49); report of larger body size at age 20 also trended
toward significance (adjusted OR body size 5 vs. 3 = 1.58, 95% CI 0.99, 2.52). No
association between body size as reported by silhouette identification was found in KPNC
males at any age (data not shown).

DISCUSSION

The current study is the very first to demonstrate a significant association between self-
report of being overweight at age 10, as well as at age 20, and MS in females after
controlling for established genetic and environmental risk factors. Findings demonstrated a
significant and two-fold increased risk of MS with increasing BMI similar to previous
findings of prospective cohorts.[14] Additionally, the odds of MS in females increases
linearly with BMI, providing strong evidence to support a dose effect. The observed
association between body mass and MS persisted after controlling for history of infectious
mononucleosis and smoking, HLA-DRB1*15:01 status, and the combined effects of known
non-MHC risk alleles in females. Notably, the magnitude of BMI association with MS is
strong and similar to other identified genetic and environmental MS risk factors. We also
compared our findings to those from the Epidemiological Investigation of MS (EIMS), a
large MS population-based case-control study in Sweden.[15,33] Association between BMI
at age 20 and MS was examined in 1,571 MS cases and 3,371 controls matched on age,
gender and residential area. Similar to the current study, an increased risk of MS was
associated with increasing BMI at age 20 in females (Supplementary Figure 1), providing
additional support for the importance of this time period in MS susceptibility.

The growing obesity epidemic significantly impacts public health at both local and global
levels. Current estimates show more than one third of adults and approximately 17% of
children in the United States are obese.[34] Common disorders such as cardiovascular and
metabolic diseases, as well as many cancers have been convincingly linked to obesity.[35]
Obesity also has been recently established as a risk factor for a number of chronic and
autoimmune diseases, including MS.[36] Results indicate that given a causal relationship,
approximately 33% of MS cases can be attributed to being a little/very overweight at age 10,
amongst females reporting this weight status.

Our findings demonstrate that childhood, in addition to adolescence, is a particularly
vulnerable period of exposure for MS risk, as has been suggested in the literature for obesity
and other environmental factors such as sunlight exposure.[14,15,18] Results suggest that
body size during the period immediately preceding onset of symptoms may be an important
factor for MS susceptibility in females; however, further investigation is warranted.

Investigations of childhood obesity and risk of MS have reported conflicting findings. A
recent study found that extremely obese children had over three times the odds of
developing pediatric MS compared to normal weight children, with risk especially strong
amongst females.[16] A previous study by Munger et. al (2009) did not find an association
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between obesity in childhood and risk of MS, though this may be due to utilization of
silhouette data to characterize body size during childhood. While strong associations
between MS and being a little/very overweight during childhood and adolescence were
observed in the current study, results based on silhouette data were not consistent. This may
be due to a more favorable perception of body silhouettes in overweight individuals,[37]
which would bias results towards the null, and reduced available power to detect an
association.

While childhood and adolescent body size in males suggested an increased risk of MS,
results were not significant. Previous studies examining this relationship in males have not
shown an association between obesity and pediatric MS,[16] or between childhood obesity
and MS with a later onset;[17] however, risk of MS amongst males was greater with
increasing BMI at age 20 in the EIMS study[15]. In contrast, our results demonstrated a null
association between MS and BMI in 20’s, and an inverse relationship between MS and
increasing BMI in 30’s. When analyses were restricted to males with genotype data, the
inverse association was not significant and persisted after controlling for history of
infectious mononucleosis and established genetic risk factors. Thus, further investigation of
BMI and MS in males is needed. It should be noted that our sample size was small and wide
confidence intervals were observed. Larger studies are needed to determine whether obesity
is a strong independent risk factor for males, as demonstrated for females.

The biological mechanism through which obesity and MS may be related is unknown;
however, several hypotheses are plausible. Obesity is characterized by a chronic, low-grade
inflammatory response supported by growing experimental evidence. Recent literature
suggests that integration of metabolic tissue and immune cells contribute to obesity and
obesity-related inflammation by sharing a common cellular target.[38] Alterations in adipose
tissue in human studies may occur as early as in childhood.[39] Obesity during childhood
and adolescence is also associated with increased levels of C-reactive protein, interleukin-6,
and leptin levels,[40,41] indicating a proinflammatory state that may be important in MS
pathogenesis. Interestingly, adverse serum lipid profiles have been associated with MS
disease progression, and statins may be beneficial in early MS by reducing the migration of
immune cells across the blood brain barrier.[42,43] The gut microbiota have also been
reported to shape immune response and may influence peripheral inflammation.[44] One
study found that gut bacteria influences neurologic inflammation through induction of Th-17
responses in experimental autoimmune encephalomyelitis, a well-established animal model
for MS studies.[45] Whether individual gut microbiota contribute directly to inflammation,
or instead act causally to influence the development of obesity which in turn promotes
inflammation, remains unknown.[46] A recent study also demonstrated an association
between self-reported abuse during childhood and risk of severe obesity later in life.[47]
Future studies examining obesity as a mediator of stressful life events and MS may be
informative.

Additionally, adults and children with high body fat mass have lower circulating levels of
vitamin D metabolites.[48,49] Lower levels of vitamin D have been associated with
increased risk for MS[50] and more severe disease progression.[51] Therefore, overweight
and obese individuals may be at particularly high risk for developing MS compared to
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normal weight individuals, especially during critical exposure periods of MS risk. The
current study could not assess individual pre-disease levels of serum vitamin D; however,
we do not see this as a limitation, similar to previous studies.[14] While information on time
spent in the sun at age 10 was included as a potential proxy for sun exposure and resulting
vitamin D levels, no association with MS was observed. One interview question was used in
the current study to assess sun behavior at age 10. A more extensive index of sun exposure
at this important time period might be more informative. Because vitamin D deficiency lies
on the causal pathway between BMI and MS risk, further studies are needed to determine
whether high BMI or obesity confers risk of MS exclusively through vitamin D deficiency,
or whether other mechanisms related to obesity are involved.

Limitations of this study include the potential for inaccurate recall of body size, though we
would expect this to bias results towards the null, as women that classify as overweight
often underreport weight[52] and identify with a more favorable perception of body
silhouette.[37] There is also the potential for selection bias, if controls participating in the
study are healthier than nonparticipants with respect to body size/mass. Such differences
could bias results away from the null. However, no association between BMI at time-of-
interview or BMI in 30’s and MS in females was detected. Additionally, 27% of the control
population in our study classified as obese at time-of-interview, comparable to 26% of the
California population using estimates of reported BMI in 2009.[53]

An additional limitation in our study was the small number of male MS cases and controls.
Our recruitment pool is drawn from the eligible KPNC study participants meeting inclusion
criteria and shows the female to male MS patient ratio in the overall KPNC membership is
closer to 3:1; whereas, to date, our recruitment efforts indicate a 4:1 ratio. Females thus far
have been more likely to participate, similar to what has been observed in other
epidemiologic studies,[54] and extra efforts are currently being made to recruit more male
participants. Stratified analyses of BMI and body size variables based on gender were
performed in the current study, as well as separate power analyses by gender, which
indicated that reduced power was available for males (Supplementary Data). We also
studied white, non-Hispanic individuals, which may limit the external validity of our
findings. Further, study of this relationship in African-Americans, as well as other
populations, is needed.

While self-reported weight for a specific age has been shown to be valid, [25-28] we asked
participants about the highest and lowest weight during a ten-year interval, which has not
been specifically validated. However, it would appear that the same process that enables an
individual to reliably recall their weight at a particular age would also enable an individual
to review their weight at each age during a specified and limited interval, and be able to
report fairly reliably their highest and lowest weights during that interval. Average BMI
over the interval may be more accurate because it captures potential variability, rather than
relying on recall of only one weight at a specific time. Weight is important to individuals in
their 20’s and the highest and lowest weights are likely to be remembered because of their
salience in terms of body image. In the current study, the measure (average of highest and
lowest BMI in the 20°s) is significantly associated with MS, in line with what has been
shown for recalled weight at age 18[14] and at age 20[15] in other studies. Many potential
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confounders have been assessed and controlled for, as described in the manuscript. We can
think of no plausible unmeasured confounder that provides an alternative explanation for the
association that we have found.

Finally, while a prospective cohort design can be used to fully establish temporality and
minimize potential recall bias, a case-control design for a less prevalent disease such as MS,
as described here, is essential to rigorously pursue a combined study of genetic and
environmental risk factors with reasonable statistical power. Data were uniformly collected
from all participants by trained interviewers or using standardized surveys. The observed
association between BMI and MS in females within our study is very similar with respect to
direction and magnitude to a previously published cohort study.[14] Similarity in results
using both study designs underscores the utility of case-control studies to identify and model
effects of multiple MS risk factors. Within our study specifically, we found nearly identical
reporting of childhood and adolescent body size variables between cases with greater than
10 years of disease duration as compared to cases with less than 10 years of disease
duration. We therefore do not expect results to vary between prevalent and incident MS
cases.

In summary, the etiology of MS is very complex. The importance in MS susceptibility of
both genetic and environmental factors, including obesity, is shown convincingly in our
models. MS is a disease with high burden on society and quality of life, due primarily to
disability.[2] Given the growing obesity epidemic in the U.S. and worldwide, these findings
add to the increasing body of evidence for the involvement of obesity and related
mechanisms in chronic diseases, including MS. Our results demonstrate obesity as a
potentially modifiable factor that could influence risk associated with developing MS in the
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Multivariate adjusted odds ratios and 95% Cls for body size/mass and MS susceptibility in

females at different time periods. Stratified odds ratios are presented for MS cases with age
of onset between 20-29 years of age, and those with age at onset at 30 years old or later.
Black circles reflect odds of MS amongst females reporting being a little/very overweight at
age 10. White squares demonstrate odds of MS amongst females reporting being a little/very
overweight at age 20. Asterisk indicates p-value <0.05.
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