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ABSTRACT

Objective: To determine whether childhood obesity is a risk factor for developing pediatric multiple
sclerosis (MS) or clinically isolated syndrome (CIS).

Methods: Cases were identified through the Kaiser Permanente Southern California (KPSC) Pediatric
Acquired Demyelinating Diseases Cohort between 2004 and 201.0. For cases, body mass index (BM)
was obtained prior to symptom onset, for the underlying cohort BMI was obtained through the KPSC
Children’s health study (n = 913,097). Weight classes of normal weight, overweight, moderate obe-
sity, and extreme obesity were assigned based on BMI specific for age and sex.

Results: We identified 75 newly diagnosed pediatric cases of MS or CIS, the majority of which were in
girls(n =41, 55%), age 11-18 (n = 54, 72%). Obesity was associated with a significantly increased
risk of MS/CIS in girls (p = 0.005 for trend) but not in boys (p = 0.93). The adjusted odds ratio and
95% confidence intervals for CIS/MS among girls was 1.58 (0.71-3.50) for overweight compared to
normal weight (reference category), 1.78 (0.70-4.49) for moderately obese, and 3.76 (1.54-9.16)
for extremely obese. Moderately and extremely obese cases were more likely to present with trans-
verse myelitis compared with normal/overweight children (o = 0.003).

Conclusion: Our findings suggest the childhood obesity epidemic is likely to lead to increased morbid-
ity from MS/CIS, particularly in adolescent girls. Neurology® 2013;80:548-552

GLOSSARY

ADS = acquired demyelinating diseases; BMI = body mass index; Cl = confidence intervals; CIS = clinically isolated syn-
drome; KPSC = Kaiser Permanente Southern California; MS = multiple sclerosis; ON = optic neuritis; OR = odds ratios;
TM = transverse myelitis.

Once thought to be rare in children, multiple sclerosis (MS) and its potential precursor, clinically
isolated syndrome (CIS), which encompasses optic neuritis (ON) and transverse myelitis (TM),
are increasingly recognized. Pediatric MS/CIS most often affects teenage girls. While once thought
to be more common in whites, one study showed that the incidence is higher in blacks compared
with whites and Hispanics.! Whether this represents increased exposure to environmental triggers
that increase with age, black race, or female sex during childhood is unclear.

Over the last 30 years, the prevalence of pediatric obesity has tripled. It is well-known that obesity
is characterized by a low-grade inflammatory state,” raising the possibility that the increasing reports
of pediatric MS/CIS may be due at least in part to this alarming epidemic. Yet whether obesity is a
risk factor for pediatric MS/CIS is unknown. Even in adults, the relationship between obesity and
MS risk is not well understood. Only 2 studies have examined this question, both of which suggest
that moderate obesity at age 20 but not at other times in life double the risk of adult-onset MS in
women®* and men.* However, the studies are limited by retrospective self-report of body size,>*
selection bias,’ use of volunteer controls,* small number of obese subjects,?* and inability to examine
the risk among extremely obese individuals.>*

The purpose of this study was to estimate the magnitude of the association between overweight,
moderate, and extreme childhood obesity and the risk of pediatric MS/CIS in our population-based,
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multiethnic cohort of children. Determining
whether the risk of pediatric MS/CIS increases
with increasing weight class is important in es-
tablishing whether a causal relationship might
exist as opposed to shared causality between ado-
lescent obesity and MS/CIS by an unmeasured
confounder.

METHODS Standard protocol approvals, registrations,
and patient consents. The institutional review board at Kaiser
Permanente Southern California (KPSC) approved this study.
Informed consent was waived as this was a database and chart review

study only without direct patient contact.

Study design and subjects. For this study, we used body size and
demographic data on children in the KPSC pediatric acquired demy-
elinating diseases (ADS) cohort' and those enrolled in the KPSC
Children’s Health Study between 2007 and 2009, which is described
in detail elsewhere.” KPSC is a large prepaid health maintenance
organization with over 3.5 million members including over
900,000 members 18 years and younger. The KPSC pediatric mem-
bership is representative of the general pediatric population in
Southern California with respect to ethnicity, age, gender, and socio-
economic status, with the exception of an under-representation of the
lowest and highest ends of the socioeconomic spectrum. After exclu-
sion of 265,241 members who did not have any medical encounters in
2007-2009, 1,030,730 patients were eligible for participation in the
cohort study. Of these patients, 920,034 (89.2% of eligible patients)
had at least one valid weight and height in the 3-year study period.
After exclusion of pregnant patients (n = 6,856 controls, n = 0 cases),

913,172 patients were included in the final analytical cohort.

Case identification. To identify potentially incident cases, we used
the same methods described elsewhere." Briefly, we searched elec-
tronic databases for any mention of International Classification of
Diseases—9 diagnostic codes for MS and other forms of ADS in
subjects =18 years of age, January 1, 2004—December 31, 2010.
Diagnoses were confirmed and additional clinical details were
extracted through full medical records abstraction by an MS specialist
(A.L.G.) according to the consensus definitions for pediatric CIS and
MS.® A first CNS demyelinating event involving the brain itself, if not
accompanied by encephalopathy, was classified as CIS. Pediatric MS
was defined as 2 or more episodes of CNS demyelination separated in
time and space or a single such episode followed by new gadolinium-
enhancing or T2 lesions on MRI scan at least 3 months after the
initial event. Patients with acute disseminated encephalomyelitis®
were not included in these analyses. Idiopathic TM was defined
according to proposed consensus definitions” after exclusion of infec-

tious, vascular, and other inflammatory causes of myelopathy.®

Body weight and height. The most recent body weight and
height prior to symptom onset in cases was abstracted from the
health record. For cases and controls, body weight and height were
extracted from electronic health records from the same day. BMI
was calculated as weight (kilograms) divided by the square of the
height (meters). For patients enrolled into the study in 2007,
2008, and 2009, the median BMI for age of all encounters in
the year of study enrollment for a patient was used for analysis.
Based on a validation study including 15,000 patients with
45,980 medical encounters, the estimated error rate in body weight
and height data was <0.4%.’

Definitions for overweight and obesity in children and adoles-
cents are based on the sex-specific BMI-for-age growth charts

developed by the Centers for Disease Control and Prevention
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and WHO definitions for overweight and obesity in adults.
Children were categorized as underweight (BMI for age <5th
percentile), normal weight (BMI for age =5th and <85th per-
centile), overweight (BMI for age =85th percentile or BMI =25
kg/m?), moderately obese (BMI for age =95th percentile or a
BMI =30 kg/m?), and extremely obese (BMI for age =1.2 X
95th percentile or BMI =35 kg/m?).”

Race/ethnicity and socioeconomic status. Methods to assign
race and ethnicity are described in detail elsewhere.” Race and
ethnicity information were obtained from health plan administra-
tive records and birth certificates. We categorized race/ethnicity as
non-Hispanic white, Hispanic white, black (regardless of ethnicity),
Asian or Pacific Islander, and other or multiple race/ethnicity. A

validated algorithm based on surname lists and address information
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derived from the US Census Bureau'*"® was used to impute miss-

ing information in the general cohort.

Statistical analysis. Differences in the distribution of basic demo-
graphics across groups defined by weight class were assessed with the
X* test. # Test was used to compare normally distributed variables
across groups. For MS/CIS cases, age was assigned as age at symptom
onset of CIS or MS diagnosis. For non-MS/CIS cases, age was
assigned based on the age on July 1 of the year of study enrollment.

Multiple logistic regression models were generated to estimate
odds ratios (OR) and their 95% confidence intervals (CI) for MS/
CIS vs weight class (underweight/normal weight [reference], over-
weight, moderate obesity, extreme obesity) and adjusted for sex,
age group (2-11 or 12-18 years), and race/ethnicity. All analyses
were conducted using SPSS release 18.0 (SPSS Inc., Chicago, IL).

RESULTS Similar to the general study population,
the 75 children with newly diagnosed CIS or MS were
more likely to be 11 years or older at diagnosis (n =
54, 72%) and Hispanic (n = 39, 52%; table 1). In
contrast to the general study population, MS/CIS cases
were more likely to be female (n = 41, 54.7%).
Thirty-eight (50.7%) children and adolescents with
MS/CIS were overweight or obese. Obesity was asso-
ciated with a significantly increased risk of pediatric
MS/CIS (table 2), but this risk was driven by an asso-
ciaton in girls, not boys (figure).

The onset of MS/CIS was uncommon in children
ages 2-11 years, particularly among young girls
(table 2). We found no association between increasing
weight class and MS/CIS in these young children
(table 2), although in the girls, a similar trend of
increasing MS/CIS risk with increasing weight class
was seen that did not reach statistical significance
(p = 0.13 for trend). The OR (95% CI) for under/
normal weight, overweight, moderately obese, and
extremely obese 2- to 11-year-old gitls were 1.00, 1.35
(0.26-7.05), 1.75 (0.33-9.23), and 4.14 (0.76-22.42),
respectively.

The clinical characteristics and clinical symptoms of
MS/CIS by weight class are presented in table 3. The
female preponderance was more striking among mod-
erately and extremely obese children with MS/CIS
than normal/overweight cases (68.4% and 50.0%,
respectively, p = 0.16). Obese children were more likely
to present with TM than were normal/overweight
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Table 1

Demographic characteristics of youth with and without multiple

sclerosis or clinically isolated syndrome

Sex
Male
Female
Age, y
2-11
12-18
Race/ethnicity
Non-Hispanic white
Hispanic

Black

Asian or Pacific Islander

Other/unknown
Weight class
Under/normal weight
Overweight
Moderately obese

Extremely obese

Neighborhood education

Less than high school

High school graduate

Some college

Bachelor degree or higher

Youth with MS/CIS? Youth without MS/CIS

(nh=75) (n = 913,097)
No. % No. % p Value
34 45.3 459,116 50.3 0.4
41 54.7 453,981 49.7
21 28.0 448,559 491 <0.001
54 72.0 467,538 50.0
17 22.7 193,262 21.2 0.003
39 52.0 464,701 50.9
12 16.0 68,359 7.5

7 9.3 62,399 6.8

0 0.0 124,376 136
37 49.3 579,087 63.4 0.03
19 25.3 159,043 17.4
10 133 118,776 13.0

9 12.0 56,191 6.2
22 291 273,929 28.5 0.8
16 222 199,968 21.6
23 29.8 270,285 30.3
14 18.9 168,914 19.6

Abbreviations: CIS = clinically isolated syndrome; MS = multiple sclerosis.
2Newly diagnosed with CIS or MS during the study period.

children (47.4% vs 14.3%, respectively, p = 0.003;
table 3).

DISCUSSION We found that childhood obesity is
independently associated with an increased risk of pedi-
atric onset MS/CIS in gitls but not boys. The association
between body size and pediatric MS/CIS was particularly

pronounced in extremely obese adolescent girls. Consis-
tent with our previous study,' black (but not Hispanic)
race/ethnicity and female sex were also associated with an
increased risk of pediatric MS/CIS, even though child-
hood obesity was more common in black and Hispanic
boys in our cohort. Our findings suggest that the child-
hood obesity epidemic is likely to lead to increased mor-
bidity from MS/CIS, particularly in adolescent gitls.

Our finding of increased risk of MS/CIS in obese
adolescent gitls but not in the younger age group is con-
sistent with adult studies that found a 2-fold increased
risk of adult-onset MS in women who reported modet-
ate obesity during late adolescence®* but not with mod-
erate obesity at ages 5 and 10°. However, our finding
that obese boys are not at increased risk of pediatric-
onset MS/CIS is inconsistent with a previous report.*
That study found an increased prevalence of self-re-
ported moderate obesity at age 20 among men with
MS compared with volunteer controls (16/436 and 20/
942 moderately obese men among cases and controls,
respectively; OR 2.1, 95% CI 1.0-4.3).* The most
likely explanation for this discrepancy is that obesity
in boys increases the risk of MS/CIS but with symptom
onset delayed into adulthood.

It is also possible that sex differences of childhood
obesity in the age at onset and influence on puberty
may contribute to our findings. In gitls, the peak age
at onset of extreme obesity is 12,° and has been attrib-
uted to a decline in physical activity during puberty.'” In
boys, the peak age is earlier, at 10 years,” and the reason
is unclear. Prepubescent obesity may accelerate the age
at menarche in girls, although this is controversial,'® yet
delays age at puberty in boys." These factors should be
addressed in future studies.

The increased risk of MS/CIS in moderately and
extremely obese girls but not boys suggests that interac-
tions between childhood obesity and female hormonal
factors or the X chromosome may be contributing to
the rising female-to-male ratio in MS.* It is well-known
that obesity is a low-grade inflammatory state in adults*'
and children® and potentially associated with increased

[ Table 2 Predictors of pediatric multiple sclerosis and clinically isolated syndrome according to age group ]
All MS/CIS? 2-11 Years at onset 12-18 Years at onset
Total no. Cases (n = 75) Adjusted OR (95% CI)® Cases (n = 21) Adjusted OR (95% CI)® Cases (n = 54) Adjusted OR (95% CI)®

Weight class p trend = 0.05 p trend = 0.92 p trend = 0.03
Under/normal weight 579,124 37 1.00 (Reference) 12 1.00 (Reference) 25 1.00 (Reference)
Overweight 159,062 17 1.68 (0.96-2.93) 5] 1.46 (0.51-4.17) 14 1.71 (0.89-3.31)
Moderately obese 118,786 10 1.28 (0.63-2.58) 3 0.99 (0.28-3.56) 7 1.29 (0.55-3.01)
Extremely obese 56,200 9 2.10 (1.00-4.41) 1 0.72 (0.09-5.65) 8 2.57 (1.15-5.78)

Female 454022 41 1.21 (0.77-1.92) 8 0.65 (0.27-1.56) B3] 1.60 (0.92-2.77)

Abbreviations: Cl = confidence interval; CIS = clinically isolated syndrome;

2Newly diagnosed with CIS or MS during the study period.
® All odds ratios are mutually adjusted for age, sex, and neighborhood education.
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[ Figure Association between weight class and pediatric multiple sclerosis/clinically isolated syndrome by sex ]

T
Under/Normal weight + Boys 1 (Reference)
Overweight l I ® { 1.80 (0.83-3.93)
Moderate obesity | F—@———— 0.89 (0.30-2.64)
Extreme obesity |—0J|—| 0.82 (0.19-3.56)
i Girls
Under/Normal weight ? 1 (Reference)
Overweight H——H 1.58 (0.71-3.50)
Moderate obesity I : d I 1.78 (0.70-4.49)
Extreme obesity i : ® i 3.76 (1.54-9.16)
—t
1 2 3 4 5 6 7 8 9 10

Odds ratio (95% CI)

Depicted are the adjusted odds ratios (OR) and 95% confidence intervals (Cl) of pediatric multiple sclerosis and clinically
isolated syndrome (MS/CIS) with increasing weight class compared with normal/underweight children (reference category)
stratified by sex. Increasing weight class was associated with increasingly higher OR for MS/CIS among girls (p for trend
<0.005) but not boys (p for trend 0.93). OR are adjusted for age at onset and race/ethnicity.

estrogen levels in both sexes' and lower androgen levels
in males.” We speculate that the rapid rise and high
estrogenic exposure of obese, peripubescent gitls in com-
bination with the inflammatory mediators released by
adipose tissue accelerate CIS/MS onset into adolescence.
In obese boys, we speculate that the excess estrogenic
exposure in a setting of lowered androgens takes longer
to accumulate (and never approximates the estrogenic
load seen in extremely obese girls), leading to increased
lifetime risk of MS/CIS but with symptom onset delayed
into adulthood. These hypotheses should be addressed in
prospective cohort studies of children followed into
adulthood.

It seems unlikely that other proposed hypotheses to
explain the increased female-to-male ratio of MS in
adults, like declining parity among women* or
tobacco smoke among men,?* can explain our findings.
Parity in children is rare” (and pregnant girls were
excluded from our study), as is cigarette smoking. Also,
obese males tend to smoke more than normal weight
males,? so if a factor, should have resulted in detecting

an increased risk in obese males. Additionally, second-
hand smoke exposure is an unlikely explanation as it
does not differ by sex among children.”” However, a
limitation of this study is that we did not measure these
factors, which should be addressed in future studies.
That moderately and extremely obese children were
more likely to present with symptoms of TM than nor-
mal/overweight children should be confirmed in future
studies. It suggests that those caring for obese adolescents
should pay careful attention in those presenting with sen-
sory and motor symptoms referable to the spinal cord,
although screening for TM in these at-risk individuals
seems inefficient, given the rarity of pediatric MS/CIS.
Pediatric MS/CIS is rare, particularly in prepubertal
age children. In fact, the primary limitation of this
study is the small sample size, particularly of very young
MS/CIS cases and males. It is possible that we may have
missed an association between obesity and MS/CIS in
very young children and in males for this reason. Other
limitations include the use of age cutoffs rather than
Tanner stage to approximate puberty, and lack of

[ Table 3 Clinical characteristics of multiple sclerosis and clinically isolated syndrome cases according to weight class ]
Normal weight Overweight Total
(n = 37), (n =19), Moderately obese Extremely obese (n = 75),
n (%) n (%) (n =10), n (%) (n =9), n (%) n (%) p Value®
Female sex 19 (51.4) 9 (47.4) 6 (60.0) 7(77.8) 41 (54.7) 0.16
Clinical symptoms at presentation (n = 75)
Optic neuritis 18 (48.6) 7 (36.8) 5 (50.0) 1(11.1) 31 (41.3) 0.33
Transverse myelitis 7 (18.9) 1(5.3) 4 (40.0) 5 (55.6) 17 (22.7) 0.003
Other forms of CIS 12 (32.4) 11 (57.9) 1(10.0) 3(33.3) 27 (36.0) 0.15
MSP (n = 35) 15 (40.5) 9(47.3) 5(50.0) 6 (66.7) 35 (46.7) 0.26
Abbreviations: CIS = clinically isolated syndrome; MS = multiple sclerosis.
2x? Normal and overweight vs moderately and extremely obese.
b Converted from CIS to MS during the study period or diagnosed with MS at onset.
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follow-up into adulthood. Another limitation of this
study is reliance on coding data to identify potentially
incident cases. While we used a very sensitive search algo-
rithm for demyelinating diseases and cases were validated
by chart reviews, this method relies on clinicians’ abilities
to recognize that a patent’s symptoms may be due to
demyelinating disease. Thus our estimates are conserva-
tive and likely represent an underestimation of the true
tisk of childhood obesity and lifetime risk of MS/CIS.
Strengths of this study include the large number of chil-
dren in the base population, particularly moderately and
extremely obese ones, and the accuracy of the body size
data.

The results of this study provide risk estimates that
clearly show a strong association between increasing
weight class and the risk of pediatric MS/CIS. These
findings suggest that the risk of pediatric MS/CIS is high-
est among moderately and extremely obese teenage gitls,
implying that the incidence of pediatric MS/CIS is likely

to increase as the childhood obesity epidemic continues.
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