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ABSTRACT

Objective: To examine whether obesity during childhood, adolescence, or adulthood is associated
with an increased risk of multiple sclerosis (MS).

Methods: Women in the Nurses’ Health Study (n � 121,700) and Nurses’ Health Study II (n �

116,671) provided information on weight at age 18 and weight and height at baseline, from which
body mass index was derived. Women also selected silhouettes representing their body size at ages
5, 10, and 20. Over the total 40 years of follow-up in both cohorts combined, we confirmed 593
cases of MS. Cox proportional hazards models, adjusting for age, latitude of residence, ethnicity, and
cigarette smoking, were used to estimate the rate ratios and 95% confidence intervals (CI).

Results: Obesity at age 18 (body mass index �30 kg/m2) was associated with a greater than
twofold increased risk of MS (multivariate relative riskpooled � 2.25, 95% CI: 1.50–3.37, p trend
�0.001). After adjusting for body size at age 20, having a large body size at ages 5 or 10 was not
associated with risk of MS, whereas a large body size at age 20 was associated with a 96%
increased risk of MS (95% CI: 1.33–2.89, p trend � 0.009). No significant association was found
between adult body mass and MS risk.

Conclusions: Obese adolescents have an increased risk of developing multiple sclerosis (MS).
Although the mechanisms of this association remain uncertain, this result suggests that preven-
tion of adolescent obesity may contribute to reduced MS risk. Neurology® 2009;73:1543–1550

GLOSSARY
25(OH)D � 25-hydroxyvitamin D; BMI � body mass index; CI � confidence interval; MS � multiple sclerosis; NHS � Nurses’
Health Study; NHSII � Nurses’ Health Study II; RR � relative risk.

Current evidence suggests that the etiology of multiple sclerosis (MS) involves both environmental
and genetic factors1-3 with childhood or adolescence thought to be a critical period.4 Elevated levels
of serum 25-hydroxyvitamin D appear to decrease MS risk.5 Obese individuals have lower levels of
vitamin D metabolites,6-8 including 25-hydroxyvitamin D, than normal weight individuals, and
therefore obesity in childhood could be an important risk factor for MS. Further, obesity is associ-
ated with a low-grade chronic inflammatory state and release of cytokines that affect immune
responses and possibly MS risk.9-11 Because the relation between obesity in early life and MS risk has
not been previously investigated, using 2 large, longitudinal cohorts of US women, we examined
whether being obese during different life periods was associated with MS risk, and whether among
women with MS there was a detectable weight loss occurring after the onset of the disease.

METHODS Participants. The Nurses’ Health Study (NHS) began in 1976 when 121,700 female registered nurses, who were age 30

to 55, married, and living in one of 11 states, completed a lifestyle and medical history questionnaire. The Nurses’ Health Study II (NHSII)

began in 1989 when 116,671 female registered nurses, who were 25 to 42 years old, married, and residing in one of 14 states, completed a
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similar questionnaire. Women in both cohorts update their health

behavior and medical information via questionnaire every 2 years.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the institutional review

board of Brigham and Women’s Hospital.

Case ascertainment. Women who self-reported an MS diag-

nosis were asked to provide permission for study investigators to

contact their neurologists and obtain a copy of their medical

records pertaining to the diagnosis. The neurologists were asked

whether the diagnosis is definite, probable, or possible, and

whether the results of laboratory tests (e.g., MRI, oligoclonal

banding in the CSF) support the diagnosis. In a previous valida-

tion study, there was a 93% agreement between the treating

neurologists’ diagnoses and those of a study neurologist who re-

viewed the medical records.12 Therefore, women were considered

as having definite or probable MS if so reported by their neurol-

ogist or, in the absence of the treating neurologist’s diagnosis, if

so determined after medical record review by our study neurolo-

gist. Between 1976 and June 2002 we have confirmed 241 cases

(166 definite, 75 probable) of MS among women in the NHS

and between 1989 and June 2003, 352 cases (278 definite, 74

probable) in the NHSII.

Body mass index and childhood body size. Obesity dur-

ing adolescence and adulthood was assessed using the body mass

index (BMI). On the baseline questionnaire (1976, NHS; 1989,

NHSII) women reported their current weight and height, and in

1980 (NHS) and 1989 (NHSII), their weight at age 18. Using

current height as reported on the baseline questionnaires, we

calculated their BMI at baseline and age 18 by dividing weight

(in kilograms) by height (in meters) squared. We utilized the

World Health Organization’s BMI definitions where �18.5

kg/m2 is considered underweight, 18.5–�25 kg/m2 normal

weight, 25.0–�30 kg/m2 overweight, and �30 kg/m2 obese.13

We then further subcategorized normal and overweight BMI to

determine if smaller variations were associated with MS risk.

Therefore, women were categorized into 1 of 7 BMI categories

(in kg/m2) for both time points: �18.5, 18.5–�21, 21.0–�23,

23.0–�25, 25.0–�27, 27.0–�30, and �30.

In 1988 (NHS) and 1989 (NHSII), women were asked to

select 1 of 9 body silhouettes, ranging from very thin to ex-

tremely obese,14 that best represented their body size at ages 5,

10, and 20 (figure 1). Due to small sample sizes for the over-

weight/obese silhouettes, a “large body size” category was created

by including all women who reported having a body size most
similar to 1 of the 4 largest silhouettes.

Covariates. State of residence at ages 15 and 30 was reported in
1992 (NHS) and in 1993 (NHSII). Women were categorized
into north, middle, and south tiers as previously described.12 An-
cestry was reported in 1992 (NHS) and 1989 (NHSII) as South-
ern European/Mediterranean, Scandinavian, other Caucasian,
African American, Hispanic, Asian, Native American, and/or
other and women were categorized as previously described.12 Ev-
ery 2 years women in both cohorts update their smoking status
and current smokers report how many cigarettes they smoke per
day. Pack-years of smoking were derived from this information.
Women in both cohorts (1988 in NHS, 1989 in NHSII) also
reported how often (never, 1–3 months/year, 4–6, 7–9, or 10–
12) they participated in strenuous physical activity or sports at
least twice per week between the ages of 18 and 22, and women
in the NHSII additionally reported this information for their
time in high school.

Statistical analysis. Using previously collected data, women
were followed from the date they returned the baseline question-
naire until the earliest of date of MS diagnosis, date of death, or
June 2002 (NHS)/June 2003 (NHSII). In the NHSII, all main
exposure variables were assessed at baseline; therefore, analyses in
this cohort were completely prospective. In the NHS, however,
BMI at age 18 was reported in 1980 and childhood body size in
1988. Therefore, in the NHS, we also conducted secondary anal-
yses starting follow-up time using 1980 as baseline for BMI at
age 18, which included 203 cases (84%) with diagnosis after
1980, and for childhood body size, starting follow-up in 1988,
which included 127 cases (53%) diagnosed after 1988. Cox pro-
portional hazards models, stratified by age in months and 2-year
time periods, were used to estimate the rate ratios and 95% con-
fidence intervals (CI) for the effect of BMI at age 18 and base-
line, and childhood/adolescent body size on MS. In multivariate
analyses, we further adjusted for latitude of residence at age 15,
ancestry/ethnicity, and pack-years of smoking. Missing indicator
variables were included in the models to account for missing
data. Tests for linear trends across the categories of BMI were
assessed by modeling the median BMI in each category as a con-
tinuous variable, and across categories of body size at age 5, 10,
or 20 by modeling the silhouette variable as a continuous, ordi-
nal variable. Analyses were conducted separately within each co-
hort and then pooled using the inverse of the variance of the risk
estimates as the weight and a Q statistic to assess heterogeneity of
the estimates.15 All analyses were also conducted restricted to the

Figure 1 Nine silhouettes women selected to best describe their body size at ages 5, 10, and 20
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women whose first MS symptoms appeared after baseline (n �

141 [59%] in the NHS and 208 [59%] in the NHSII), and to
definite cases. Analyses were conducted using SAS version 9. A p
value �0.05 was considered significant.

Weight change analyses. For each questionnaire cycle begin-
ning at baseline (every 2 years from 1976 to 2004 for NHS, and
1989 to 2003 for NHSII), we calculated the time between the
date of questionnaire return and date of diagnosis or first symp-
toms of MS, and what percent each cohort participant’s weight
was of the average cohort weight (their percent weight). In the
event a participant contributed more than one observation to a
time period, we used the value closest to the midpoint of the
time interval. Using generalized linear models, we regressed the
percent weights on age (in 5-year categories), smoking (quintiles
of pack-years), height, latitude of residence at age 30, and ethnic-
ity separately for each cohort. Residuals from these models were
saved and for each MS case reflect the difference between their
percent weight of the cohort weight and their expected percent
weight based on a certain age, smoking status, height, latitude of
residence at age 30, ethnicity, and time period if participant did
not have MS. The mean residuals for each time period were
calculated in both NHS and NHSII cohorts combined. General-
ized estimating equations, accounting for the repeated measures,
were used to test the linearity of weight change overall, and be-
fore and after the diagnosis or onset of MS. We followed a simi-
lar strategy to determine the residual percent weight of women
with MS at age 18.

RESULTS Body size and MS risk. The relation be-
tween BMI and other MS risk factors is shown in
table 1. The most notable observation is that, in both
cohorts, a higher percentage of women who were
obese (BMI �30 kg/m2) at age 18 were ever smokers
at baseline as compared to women with lower BMI.

In age-adjusted analyses, women with a BMI �30
kg/m2 at age 18 had a greater than twofold risk of

developing MS as compared to women with a BMI
between 18.5 and 20.9 kg/m2 (table 2). This associa-
tion persisted after further adjusting for smoking, lat-
itude of residence at age 15, and ethnicity. MS risk
among women who were overweight, but not obese,
at age 18 (BMI 25–29.9 kg/m2) was only moderately
increased (table 2). Results were similar when start-
ing follow-up in 1980 in the NHS cohort or when
restricted to definite cases (data not shown). Restrict-
ing to cases with onset of first symptoms after base-
line, there was a slight attenuation of the relative risks
(RRs): women with a BMI �30 kg/m2 at age 18 had
a 71% increased risk of MS as compared to women
with BMI between 18.5 and 20.9 kg/m2 (RRpooled �

1.71, 95% CI 0.96–3.05, p trend 0.36). As smoking
was the main confounder of the association between
obesity at age 18 and MS risk, we also restricted anal-
yses to never smokers in the NHSII (there were too
few never smokers in the NHS cohort to do a compa-
rable analysis); the twofold increased risk of MS per-
sisted among never smoking women with a BMI at
age 18 �30 kg/m2 (RR � 2.34, 95% CI 1.21–4.53,
p � 0.01). Adjusting for physical activity between
ages 18 and 22 or during high school (NHSII only)
or excluding women who were pregnant at age 18
also did not change the results (data not shown). Fur-
ther, at age 18, weight among women with MS was
on average 2.7% greater than weight among the non-
cases (p � 0.0003) (figure 1).

In contrast to the results for BMI at age 18, BMI
at baseline (i.e., at age 30 to 55 in NHS and age 25 to
42 in NHSII) was not associated with MS risk in

Table 1 Selected characteristics of women in Nurses’ Health Study (NHS) and Nurses’ Health Study II
(NHSII) by body mass index (BMI) at age 18*

BMI at age 18 y (kg/m2)†

<18.5 18.5–<21 21.0 –<23 23.0 –<25 25.0 –<27 27.0 –<30 >30.0

NHS

No. of women 11,717 38,529 25,951 11,343 5,268 2,972 1,892

Age at baseline, y, mean 43.2 42.8 42.9 43.2 43.2 42.8 43.4

Residence in North tier at age
15 y (%)

29.7 32.3 33.5 34.8 33.9 34.2 31.7

Scandinavian ancestry, % 3.1 3.7 3.8 3.6 3.4 2.8 3

Ever smoker at baseline, % 51.6 52.9 54.6 57.9 61.9 63.8 66.7

NHSII

No. of women 17,067 48,523 25,730 11,953 5,377 3,778 2,965

Age at baseline, y, mean 34.4 34.4 34.4 34.4 34.5 34.5 34.1

Residence in North tier at age
15 y (%)

24.2 26.5 27.9 29.1 27.8 28.1 30.4

Scandinavian ancestry, % 4 4.5 4.6 4.3 3.8 4.5 3.7

Ever smoker at baseline, % 32.6 33 35.7 37.2 38.6 40.2 41.5

*Each category is directly standardized to the baseline age distribution of the corresponding cohort.
†In the NHS, 24,028 women, and in the NHSII, 1,278, women were missing BMI at age 18.

Neurology 73 November 10, 2009 1545



pooled analyses of both cohorts (table 2). However,
the test for heterogeneity of the pooled results was
significant (table 2). While there was no association
between baseline BMI and MS risk in NHSII, the
risk of MS among NHS participants decreased with
increasing baseline BMI; relative to women with a
BMI of 18.5–20.9 kg/m2, the RR of MS was 0.61
(95% CI 0.32–1.15, p � 0.13) among obese women
(BMI �30 kg/m2), and 0.46 (95% CI 0.23–0.93,
p � 0.03) among those overweight (BMI � 27–29.9
kg/m2). This unexpected result may be explained by
the fact that many cases of MS in the NHS occurred
before MRI was widely used, and the diagnosis was
therefore often delayed with respect to the onset of
symptoms. This decrease in MS risk in the NHS may
thus be the spurious result of the decrease in weight
that appears to occur after MS onset (see below). Re-
sults were unchanged after excluding women who
were pregnant at baseline (data not shown).

Women who reported having a larger body size, us-
ing the silhouettes, at age 20 also had a twofold in-

creased risk of MS as compared to women who
reported a thinner body size (table 3). There was also a
suggestion of an increased risk of MS associated with
having a larger body size during childhood at ages 5 or
10 (table 3). However, reported body size silhouette at
ages 5, 10, and 20 years were highly correlated (NHS:
age 5–10 r � 0.93, 5–20 r � 0.83, 10–20 r � 0.87;
NHSII: 5–10 r � 0.80, 5–20 r � 0.49, 10–20 r �
0.59). In multivariate analyses simultaneously adjusting
for body size at all 3 ages, having a larger body size at age
20 remained significantly associated with MS risk
(RRpooled body size �6 vs 3 � 1.70, 95% CI 1.11–
2.60, p � 0.02; p trend across all categories � 0.18),
whereas there was no longer a suggestion of an increased
risk with larger body sizes at ages 5 and 10 (age 5
RRpooled body size �6 vs 3 � 1.17 95% CI 0.57–2.38,
p trend � 0.46; age 10 RRpooled � 1.15, 95% CI 0.65–
2.04, p trend � 0.15).

Weight change among women with MS. Consistent
with the result that BMI at baseline was not associated

Table 2 Pooled relative risks and 95% confidence intervals (CIs) for body mass index (BMI) at age 18 and
baseline and risk of multiple sclerosis, Nurses’ Health Study (NHS) (1976 –2002), and Nurses’
Health Study II (NHSII) (1989 –2003)

NHS, cases/
person-years

NHSII, cases/
person-years

Pooled relative risks (95% CI)

Age-adjusted
Age-, smoking-
adjusted

Multivariate*
adjusted

BMI age 18 (kg/m2)

<18.5 21/292,421 45/231,006 0.94 (0.71–1.24) 0.94 (0.71–1.24) 0.96 (0.73–1.27)

18.5–<21 77/963,413 134/656,714 1 (ref) 1 (ref) 1 (ref)

21–<23 55/648,273 84/347,962 1.15 (0.92–1.42) 1.13 (0.91–1.40) 1.13 (0.91–1.40)

23–<25 24/281,999 31/161,737 1.00 (0.74–1.35) 0.97 (0.72–1.31) 0.97 (0.72–1.31)

25–<27 20/130,338 17/72,559 1.51 (0.90–2.52) 1.45 (0.86–2.43) 1.44 (0.87–2.39)

27–<30 8/72,619 16/50,889 1.47 (0.96–2.24) 1.40 (0.92–2.14) 1.40 (0.92–2.14)

>30 6/45,583 21/39,839 2.41 (1.61–3.60) 2.26 (1.50–3.38) 2.25 (1.50–3.37)

Total 211/2,434,647 348/1,560,707

p, trend �0.001 �0.001 �0.001

p, het 0.98 0.96 0.997

Baseline BMI (kg/m2)

<18.5 7/74,199 14/53,541 1.11 (0.70–1.75) 1.10 (0.69–1.74) 1.13 (0.71–1.78)

18.5–<21 68/656,533 81/396,203 1 (ref) 1 (ref) 1 (ref)

21–<23 66/816,791 68/377,321 0.87 (0.69–1.10) 0.87 (0.69–1.10) 0.87 (0.69–1.10)

23–<25 45/574,546 59/266,505 1.00 (0.78–1.28) 1.00 (0.78–1.28) 1.00 (0.78–1.29)

25–<27 32/344,643 42/157,999 1.22 (0.92–1.62) 1.22 (0.92–1.61) 1.23 (0.93–1.62)

27–<30 9/263,744 36/134,424 0.78 (0.28–2.19) 0.78 (0.29–2.11) 0.79 (0.30–2.12)

>30 11/245,691 48/179,725 0.88 (0.42–1.85) 0.89 (0.45–1.78) 0.91 (0.46–1.79)

Total 238/2,976,147 348/1,565,718

p, trend 0.82 0.85 0.88

p, het 0.02 0.03 0.03

*Age (in months), latitude age 15 (north, middle, south), ethnicity (S European, Scandinavian, other Caucasian, other), smok-
ing (never smoker, 1–9, 10 –24, and �25 pack-years).
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with an increased risk of MS, the multivariate adjusted
percent weight of women who developed MS was simi-
lar to the noncases prior to diagnosis (figure 2), and
appeared to be stable before the onset of MS (change �
0.08% every 2 years; ptrend � 0.28). After onset, how-
ever, the percent relative weight among cases declined
0.26% every 2 years (ptrend � 0.0001).

DISCUSSION In this large, longitudinal study among
US women, we found that obesity at age 18 was associ-

ated with a greater than twofold increased risk of MS.
Further, after adjusting for body size at age 20, there
was no increased risk of MS associated with having a
large body size during childhood, though the twofold
increased risk of MS associated with a large body size at
age 20 persisted. Collectively, these results suggest that
weight during adolescence, rather than childhood or
adulthood, is critical in determining MS risk, consistent
with the body of evidence identifying adolescence as an
important period in MS etiology.

Table 3 Pooled relative risks and 95% confidence intervals (CIs) for body size at age 5, 10, and 20* and risk
of multiple sclerosis, Nurses’ Health Study (NHS) (1976 –2002) and Nurses’ Health Study II
(1989 –2003)

NHS, cases/
person-years

NHSII, cases/
person-years

Pooled relative risks (95% CI)

Age-adjusted
Age-, smoking-
adjusted

Multivariate†
adjusted

Body size age 5

1 68/881,170 90/384,592 1.03 (0.73–1.44) 1.03 (0.74–1.44) 1.05 (0.72–1.53)

2 44/481,338 100/487,073 1.02 (0.79–1.31) 1.03 (0.80–1.32) 1.03 (0.81–1.33)

3 37/359,535 71/364,429 1 (ref) 1 (ref) 1 (ref)

4 27/222,963 50/196,545 1.28 (0.96–1.72) 1.26 (0.94–1.69) 1.26 (0.94–1.70)

5 14/119,967 25/82,901 1.41 (0.98–2.03) 1.36 (0.94–1.96) 1.36 (0.94–1.96)

>6 5/40,114 9/25,071 1.58 (0.91–2.76) 1.50 (0.86–2.62) 1.51 (0.86–2.64)

Total 195/2,105,088 345/1,540,610

p, trend 0.03 0.06 0.08

p, het 0.62 0.61 0.55

Body size age 10

1 46/671,604 65/294,424 0.90 (0.60–1.36) 0.91 (0.61–1.36) 0.92 (0.59–1.43)

2 48/557,086 93/473,781 0.93 (0.73–1.20) 0.95 (0.74–1.22) 0.95 (0.74–1.23)

3 39/372,365 70/348,687 1 (ref) 1 (ref) 1 (ref)

4 33/270,803 55/246,014 1.11 (0.84–1.47) 1.09 (0.83–1.45) 1.09 (0.83–1.45)

5 19/176,912 46/141,142 1.30 (0.81–2.08) 1.26 (0.79–2.01) 1.25 (0.77–2.02)

>6 10/69,859 17/48,710 1.53 (1.00–2.33) 1.45 (0.95–2.21) 1.44 (0.94–2.19)

Total 195/2,118,630 346/1,552,758

p, trend 0.001 0.005 0.008

p, het 0.87 0.85 0.79

Body size age 20

1 13/252,196 18/70,745 0.88 (0.42–1.83) 0.87 (0.42–1.79) 0.89 (0.41–1.92)

2 52/631,236 91/410,513 1.01 (0.78–1.31) 1.01 (0.78–1.31) 1.02 (0.77–1.35)

3 71/712,076 113/587,504 1 (ref) 1 (ref) 1 (ref)

4 43/363,777 73/326,171 1.17 (0.93–1.48) 1.15 (0.91–1.45) 1.15 (0.91–1.45)

5 11/132,839 31/118,197 1.17 (0.77–1.76) 1.13 (0.77–1.68) 1.12 (0.76–1.67)

>6 7/48,780 24/53,217 2.10 (1.43–3.09) 1.97 (1.34–2.90) 1.96 (1.33–2.89)

Total 197/2,140,906 350/1,566,346

p, trend 0.002 0.006 0.009

p, het 0.69 0.65 0.59

*Body size at age 5 missing for 38,592 women in the NHS and 2,697 women in the NHSII; body size at age 10 missing for
38,052 women in the NHS and 1,799 women in the NHSII; body size at age 20 missing for 37,164 women in the NHS and
793 women in the NHSII.
†Age (in months), latitude age 15 (north, middle, south), ethnicity (S European, Scandinavian, other Caucasian, other), smok-
ing (never smoker, 1–9, 10 –24, and �25 pack-years).
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To our knowledge, the only previous study examin-
ing body size as a risk factor for MS was a Canadian
case-control study.16 Among women, a 5-unit increase
in BMI was associated with a 31% reduction in MS
risk. However, cases were asked to report their weight
and height at diagnosis (1 year before interview for con-
trols); due to age and secular changes, it is questionable
whether the weight of controls at 1 year prior to the
interview is comparable to weight of cases at diagnosis.
Further, a decrease in weight among the MS cases after
onset may also explain the apparent protective effect of
BMI. Consistent with previous studies,17,18 we found
that women with MS weighed less on average than non-
cases, and that this decrease in relative weight occurred
after the onset of the disease.

While the strengths of this study include the large
sample size, and longitudinal design, there are limita-
tions to consider. First, women in the NHS cohort
reported information on weight at age 18 4 years
after baseline, and body size in childhood and age 20
12 years after baseline. Excluding women who were
diagnosed prior to reporting these exposures did not
meaningfully alter the results, suggesting there was
little or no differential recall among these cases, and
they were thus retained in the analysis.

Another limitation of this study is the reliance on
self-report of weight, height, and body size, and med-
ical record confirmation of the MS diagnosis. A vali-
dation study among women in the NHSII found
high correlations between adult recall of weight at
age 18 and actual weight as recorded in nursing
school entrance physical examination records and be-
tween self-reported body size silhouette at age 20 and
BMI at age 18 (either self-reported or from

records).19 Women tended to slightly underreport
their weight at age 18, but we would expect any un-
derreporting of weight in our study to be nondiffer-
ential and attenuate the association between obesity
at age 18 and MS risk. Among women in the Third
Harvard Growth Study, recall of body size at ages 5
and 10 in adulthood, using the silhouettes, correlated
well with measured BMI at these ages.20 While it is
possible some cases of MS in our study were misdiag-
nosed, participants in our cohorts are all registered
nurses, and have access to health care, as suggested by
the 89% of cases diagnosed after 1990 with MRI
findings consistent with MS. Further, the expected
increased risk of MS associated with the HLA-
DRB1*1501 allele that we found in these cohorts21

lends support that the diagnosis is correct for the
majority of cases. Finally, we cannot completely ex-
clude unknown confounding as an explanation of
these results. Physical activity during high school or
ages 18–22 was not associated with MS risk and
therefore did not confound the association we ob-
served with BMI at age 18. We controlled for all
other major risk factors for MS except for Epstein-
Barr virus antibody titers, vitamin D status, and
HLA-DRB1 genotype. We could not control for
these factors as this information is not available for all
the women in this study, but it appears from the data
available that neither anti–Epstein-Barr virus anti-
bodies nor the HLA-DRB1 genotype are associated
with obesity. Further, it is not clear that adjusting for
vitamin D would be appropriate, because vitamin D
may be on the causal pathway between obesity and
MS, as discussed below. An additional limitation is
that this study includes only women, and whether
the associations reported here apply to men as well
requires further study. Further, over 95% of the
women in these cohorts are white, and our results
may not be generalizable to other racial groups.

The biologic mechanism relating obesity to MS is
not known. However, it is well-established that obese
individuals, including obese children, have lower cir-
culating 25-hydroxyvitamin D [25(OH)D] levels, a
marker of vitamin D status, than nonobese
individuals,6-8,22-25 and that total body fat is inversely
related to 25(OH)D levels.26 Vitamin D is a known
immunomodulator,27 and has been found to reduce
the incidence and progression of an animal model of
MS,28-30 likely through enhancement of regulatory
T-cell function,27,31 which has been shown to be re-
duced in patients with MS.32 Further, high levels of
circulating blood 25(OH)D have been associated
with a reduced risk of MS in early adulthood.5 The
higher risk of MS among women who were obese
during adolescence is thus consistent with a protec-
tive effect of vitamin D. Although the average differ-

Figure 2 Relative weight of women with multiple sclerosis at age 18 and by
time of diagnosis, Nurses’ Health Study (1976 –2004) and Nurses’
Health Study II (1989 –2003)

Adjusted for age, latitude of residence, ethnicity, and height. Error bars are the 95% confi-
dence intervals of the mean.
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ence in blood levels of 25(OH)D between obese and
lean individuals tends to be moderate (�15 ng/
mL),6-8,22,23 it could be important if it occurs at an age
that is critical for MS development. An alternative,
or perhaps complementary, hypothesis is that the ef-
fects of obesity are mediated by a low-grade chronic
inflammatory state. Adipose tissue secretes numerous
adipokines and cytokines that influence immune sys-
tem function, including leptin9 and interleukin-6,10

both of which have been shown to reduce regulatory
T-cell activity,33,34 and elevated leptin levels were in-
versely correlated with frequency of regulatory T cells
in patients with MS.11

Confirmation of these results in other popula-
tions is necessary.
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CDC, AAN to Health Care Professionals: Monitor
Patients for GBS

The Centers for Disease Control and Prevention (CDC) and the American Academy of Neurology
(AAN) collaborated to reach out to neurologists across the US to monitor and report any possible
new cases of Guillain-Barré syndrome (GBS) following 2009 H1N1 flu vaccination.

Neurologists and health care professionals nationwide who diagnose patients with vaccine-
associated GBS should use the CDC and FDA Vaccine Adverse Event Reporting System (VAERS)
to report their observations.

In addition, neurologists and all health practitioners in the 10 Emerging Infections Program (EIP)
states—California, Connecticut, Maryland, Minnesota, New Mexico, New York, Colorado, Ore-
gon, Georgia, and Tennessee—are asked to report all new cases of GBS, regardless of vaccination
status, to their state’s surveillance officer.

The AAN hosted a series of webinars providing an in-depth look at H1N1 vaccination and how it
may pose a risk for GBS and information about the vaccination monitoring campaign.

For additional information about the monitoring campaign, or to watch the webinars or download
VAERS form and information on reporting to surveillance officers in your state, visit the AAN’s
GBS toolkit page, www.aan.com/view/gbstoolkit.
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