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Zusammenfassung des wissenschaftlichen Inhalts
(Peter Huppke)

In der publizierten Studie sollte untersucht werden welchen Einfluss eine Adipositas bei
Kindern und Jugendlichen auf die Wahrscheinlichkeit an einer Multiplen Sklerose (MS) zu
erkranken hat und ob sie das Therapieansprechen und die entzindliche Aktivitat verandert.
In die Studie wurden 453 padiatrische MS Patienten eingeschlossen.

Der Vergleich des body mass index (BMI) der padiatrischen MS Patienten mit dem von
gesunden Kindern und Jugendlichen (KiGGS Studie) zeigte, dass MS Patienten doppelt so
haufig adipds sind und dass Adipositas das Risiko an einer MS zu erkranken um das 2,14
fache erhoht.

Die Analyse der Therapieverlaufe zeigte, dass die Schubrate unter Betainterferonen und
Glatirameracetat bei adipdsen Patienten signifikant héher war als bei normalgewichtigen MS
Patienten. Dementsprechend war auch der Anteil der Patienten, die mit hochwirksamen
Medikamenten behandelt werden musste unter den adipdsen Patienten héher.

Die Analyse von MRT Parametern, Intervall vom 1. zum 2. Schub, und der
Behinderungsgrad bei der letzten Vorstellung ergab jedoch keinen Hinweis darauf, dass bei
adipdsen Patienten eine hohere entziindliche Aktivitat besteht, so dass das schlechte
Therapieansprechen wahrscheinlich pharmakokinetisch zu erklaren ist.

Zusammengefasst zeigt die Studie, dass Adipositas ein Risikofaktor dafir ist an einer MS im
Kindes- und Jugendalter zu erkranken. Die Studie ergab zudem, dass Adipositas auch das

Therapieansprechen bei padiatrischen MS Patienten signifikant verschlechtert.
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Association of Obesity With Multiple Sclerosis Risk and
Response to First-line Disease Modifying Drugs in Children

Brenda Huppke, MD; David Ellenberger, MSc; Hannah Hummel, MD; Wiebke Stark, MD; Markus Rébl, MD;
Jutta Gartner, MD; Peter Huppke, MD

IMPORTANCE Obesity reportedly increases the risk of pediatric multiple sclerosis (MS), but
little is known about its association with disease course.

OBJECTIVE To investigate the association of obesity with pediatric MS risk and with first-line
therapy response among children with MS.

DESIGN, SETTING, AND PARTICIPANTS This single-center retrospective study used the medical
records and database at the Center for MS in Childhood and Adolescence, Gottingen,
Germany. The study included 453 patients with relapsing-remitting pediatric MS and body
mass index (BMI) measurement taken within 6 months of diagnosis. Onset of the disease
occurred between April 28, 1990, and June 26, 2016, and the mean disease duration was
38.4 months. Data were collected from July 14, 2016, to December 18, 2017.

MAIN OUTCOMES AND MEASURES Data on BMIs were stratified by sex and age using German
BMI references and compared with the BMI data of 14 747 controls from a nationwide child
health survey for odds ratio (OR) estimates. Baseline magnetic resonance imaging findings,
intervals between first and second MS attacks, annualized relapse rates before and during
treatment with interferon beta-1a or -1b and glatiramer acetate, frequency of second-line
treatment, and Expanded Disability Status Scale (EDSS) scores were compared between
nonoverweight (BMI=90th percentile), overweight (BMI>90th-97th percentile), and obese
(BMI>97th percentile) patients.

RESULTS In total, 453 patients with pediatric MS were included, of whom 306 (67.5%) were
female, and the mean (SD) age at diagnosis was 13.7 (2.7) years. At diagnosis, 126 patients
(27.8%) were overweight or obese, with obesity associated with statistically significant
twofold odds of MS in both sexes (girls OR, 2.19; 95% Cl, 1.5-3.1; P < .001 vs boys OR, 2.14;
95% Cl, 1.3-3.5; P = .003). Obese patients, compared with nonoverweight patients, had
statistically significantly more relapses on first-line treatment with interferon beta and
glatiramer acetate (ARR, 1.29 vs 0.72; P < .001) and a higher rate of second-line treatment (21
[56.8%] of 37 vs 48 [38.7%] of 124; P = .06). Baseline neuroimaging, interval between first
and second MS attacks, pretreatment relapses, and EDSS progression scores were not
correlated with BMI.

CONCLUSIONS AND RELEVANCE In this study, increased pediatric MS risk appeared to be
associated with obesity, and obese patients did not respond well to first-line medications;
altered pharmacokinetics appeared to be most likely factors in treatment response,
suggesting that achieving healthy weight or adjusting the dose according to BMI could
improve therapy response.
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he prevalence of overweight and obesity is on the rise

worldwide, with the most substantial increase in the

past 3 decades being observed among children and
adolescents.* This global phenomenon has attracted inter-
national attention as obesity has been consistently associ-
ated with increased mortality and several deleterious health
outcomes, including greater susceptibility to inflammatory and
autoimmune diseases.>®

A plausible association between obesity and multiple scle-
rosis (MS) risk was first established in a 2009 study of the as-
sociation between body size and MS in a cohort of more than
200 000 women in the United States.® In that study, a more
than twofold increased risk of developing adult-onset MS was
associated with obesity (body mass index [BMI] of 30 or higher;
calculated as weight in kilograms divided by height in meters
squared) at age 18 years. These results have since been vali-
dated in other adult studies, with a growing body of evidence
indicating that a high BMIin adolescence and possibly in early
life increases MS risk.'*® This association is evident even af-
ter controlling for established genetic and environmental risk
factorsand has been described in both sexes, although a stron-
ger association has been repeatedly shown in females.'® The
exact underlying pathologic mechanisms still require eluci-
dation, but lower serum vitamin D levels, altered adipokine
profiles favoring a proinflammatory state, deregulated gut mi-
crobiota, unfavorable interaction with HLA-risk genes in pu-
berty, and earlier start of menses have all been suggested to
play a role in obesity-associated MS risk.!°-2°
In the pediatric setting, to date, only a few studies on small

cohorts have assessed the association between BMI and risk
of pediatric MS; nevertheless, their findings also indicate sub-
stantially higher rates of overweight and obesity among chil-
dren with MS compared with their healthy counterparts.4-2%26
At the Center for MS in Childhood and Adolescence in Gottin-
gen, Germany, in which more than 150 pediatric patients with
MS are followed up yearly, we have observed that many obese
patients do not respond well to first-line therapy with inter-
feron beta-la or -1b and glatiramer acetate. This study was con-
ducted to (1) ascertain whether obese patients have a worse
response to first-line therapy, and (2) confirm increased pedi-
atric MS risk associated with obesity in a large cohort.

Methods

This single-center analysis of MS cases (with onset between
April 28, 1990, and June 26, 2016) received ethical approval
from the University Medical Center Goettingen. All data were
derived from database and medical record review and were dei-
dentified; thus, informed consent was waived by the Univer-
sity Medical Center Goettingen. Data were collected from July
14, 2016, to December 18, 2017.

Study inclusion criteria were a confirmed diagnosis of re-
lapsing-remitting MS, as defined by the revised McDonald cri-
teria and the International Pediatric MS Study Group criteria®”2%;
an MS onset before 18 years of age; and a reliably documented
height and weight measurement within 6 months of first clini-
cal presentation to a medical institution. We performed a da-
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Key Points

Question Is obesity associated with multiple sclerosis risk and
response to first-line therapy in a pediatric population in Germany?

Findings In this single-center study of 453 German children with a
multiple sclerosis diagnosis, obesity was associated with twofold
greater odds of the disease and more frequent failure of first-line
treatment with interferon beta-1a or 1b and glatiramer acetate,
thereby increasing the number of patients on second-line
treatment.

Meaning Obesity appeared to be statistically significantly
associated with increased risk of pediatric multiple sclerosis and
with worse treatment response to first-line treatment; a healthy
weight may potentially optimize treatment outcomes and reduce
the disease burden and costs.

tabase search (W.S.) and validated those data by medical rec-
ords review (B.H.). We standardized BMI for sex and age
according to Kromeyer-Hauschild?® data, the recommended BMI
references for German children. These data originated from a
meta-analysis of 34 422 German children (aged <18 years) pooled
from 17 different regional studies between 1985 and 1999.2°

Patients were grouped by BMI category using the defini-
tions recommended by the European Childhood Obesity
Group.3° Nonoverweight was defined as BMI at or below the
90th percentile; overweight, BMI above the 90th to 97th per-
centile; obese, BMI above the 97th percentile; and extremely
obese, BMI above the 99.5th percentile. These BMI cutoff points
approximate the International Obesity Task Force defini-
tions, which are based on percentiles that correspond to the
World Health Organization adult (18 years of age) cutoffs for
overweight (BMI of 25) and obesity (BMI of 30).%!

For MS risk assessment, the outcome of increasing BMI
trends over time was considered in choosing the control col-
lective for odds ratio (OR) estimates. Patient BMIs were com-
pared with the BMI data of 14 747 healthy children aged 3 to
17 years who participated in the 2003 to 2006 German Health
Interview and Examination Survey for Children and Adoles-
cents (KiGGS).3? The data in KiGGS were sex- and age-
stratified according to the Kromeyer-Hauschild?® reference val-
ues and were presented in a 2007 Federal Health Bulletin,>?
which reported a 50% increase in overweight and obesity in
that period compared with the 2 previous decades. Studies®*>*
have shown a stagnation in prevalence rates in Germany since
the KiGGS survey; thus, the KiGGS data are still representa-
tive of current BMI trends among German children. Patients
with MS onset before 2003 were not considered likely to falsely
elevate ORs.

The Center for MS in Childhood and Adolescence in
Gottingen is a tertiary referral center for pediatric MS. Re-
ferred patients are assessed every 6 months until age 18 years.
Documented at these visits are new relapses (defined as the
presence of new or worsening neurologic symptoms lasting at
least 24 hours and occurring more than 30 days after a previ-
ous clinical event); Expanded Disability Status Scale (EDSS)
score (range: 0-10, with the highest score indicating death from
MS and the lowest score indicating normal neurological ex-
amination); laboratory findings; and results of ophthalmic
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examination, evoked potentials, nerve conduction studies, and
brain magnetic resonance imaging (MRI).3* Spinal MRIs are
done yearly unless indicated earlier. For comparison be-
tween weight categories, data on the following were col-
lected: age at diagnosis, baseline MRI findings, interval
between first and second MS attacks, time to initiation of
a disease-modifying therapy (DMT), relapses before and
during first-line treatment with interferon beta and glati-
ramer, initiation of second-line DMT (fingolimod, natali-
zumab, alemtuzumab, or rituximab), BMI at second-line DMT
initiation, and EDSS score at 2 years and last consultation.

Annualized relapse rate (ARR), reported in person-years,
was used to measure first-line therapy response; only pa-
tients with at least 6 months of treatment with interferon beta
or glatiramer were included in the analysis. In general, pa-
tients were treated with doses according to the drug manu-
facturer’s recommendations. The standard doses for sub-
cutaneous glatiramer, 20 mg daily, and for intramuscular
interferon beta-1a, 30 pg weekly, were not reduced. Subcuta-
neous interferon beta-la was dosed at 44 pg 3 times weekly,
and subcutaneous interferon beta-1b was dosed at 250 ng
every other day. In patients who developed intolerable ad-
verse effects, subcutaneous interferon beta-1a was reduced to
22 g 3 times weekly, and subcutaneous interferon beta-1b was
reduced to 187.5 pg, 125 ug, or 62.5 pug every other day. If con-
cerns of noncompliance (medication taken irregularly over a
6-month period) were documented at follow-up, the noncom-
pliant patients were excluded.

Analysis of second-line therapy included only patients
presenting from 2010 and with a minimum of 12 months of fol-
low-up, unless escalated in less than 12 months. Patients rec-
ommended for second-line therapy at last consultation were
counted as escalated. The year 2010 was chosen as the cutoff
because the practice of escalating pediatric patients before this
time was less common.

The variables used to define disease activity were base-
line MRI findings, interval between first and second MS at-
tacks, and EDSS score. A brain or spine MRI within 6 months
of first presentation was considered a baseline MRI. T2 axial
images as well as sagittal and coronal images, if available, were
evaluated for T2 and gadolinium lesion counts. Magnetic reso-
nance imaging data were acquired on a clinical 1.5-T or 3-T MRI
scanner with the following parameters: axial T2-weighted turbo
spin echo (T2w) sequences (echo time [TE], 80-132 millisec-
onds; repetition time [TR], 2111-6290 ms; slice thickness, 3-5
mm; gap, <1 mm) and axial T1-weighted sequences (T1w;
TE, 2.1-25 milliseconds; TR, 150-873 milliseconds; slice
thickness, 2-6 mm; gap, <1 mm) before and 5 minutes after
standard single-dose gadolinium injection. Lesions were ana-
lyzed manually and independent of the analysis of the clini-
cal history (by B.H. and H.H.) and were reevaluated in case of
conflicting results (by P.H. and J.G.).

Statistical Analysis

We reported frequencies, including 95% Clopper-Pearson Cls
for predefined categories of obesity and categorical out-
comes. Comparisons between groups were performed with the
Fisher exact test and reported with 95% CIs for the OR. For con-
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Figure. Patient Selection

524 Cases identified

71 Excluded
40 Missing height or
> weight data
28 Unconfirmed MS
3 Onset >18y

453 Included } ffffff | 225 With MS onset 22010

176 Excluded
97 Insufficient data
49 Treatment <6 mo
24 Other medications?
3 Treatment refusal
3 Noncompliance

44 Excluded
Follow up <12 mo

277 Included | ‘ 181 Included

MS indicates multiple sclerosis.

2 Other medications were azathioprine sodium (n = 10), dimethyfumarate
(n = 2), and only second-line therapy (n = 12).

tinuous and ordinal data, we reported mean, median, and 25%
and 75% quantiles. Group comparisons were performed with
unpaired, 2-tailed Welch ¢ test or Wilcoxon rank sum test, as
appropriate. For count data, including relapse rates and le-
sions, a negative binomial regression model was used, allow-
ing for different follow-up times as offset. Adjusted relapse rates
along with 95% CIs were thus estimated and comparisons be-
tween groups were tested. Two-sided P < .05 was considered
statistically significant. Analyses were conducted with R Stat,
version 3.4.3 (R Foundation for Statistical Computing).

. |
Results

Of the 524 patients identified, 71 (13.5%) were excluded and
453 (86.5%) were included (Figure). Among the 453 patients,
306 (67.5%) were female and the mean (SD) age at diagnosis
was 13.7 (2.7) years (Table 1).

The onset of MS occurred from April 28,1990, to June 26,
2016, with 400 cases (88.3%) manifesting after 2000. Sixty-
two patients (13.7%) were younger than 11 years at MS onset,
agroup with alower female preponderance compared with the
group of children 11 years or older (33 [53.2%] vs 273 [69.8%]).
The mean (SD) age at BMI measurement was 13.9 (2.7) years.
In total, 126 patients (27.8%) had a BMI greater than the 90th
percentile, 59 (13.0%) of these patients had a BMI greater than
the 90th to 97th percentile (grouped as overweight), and 67
(14.8%) had a BMI greater than the 97th percentile (grouped
as obese). Mean (SD) follow-up was 38.4 (28.9) months, ARR
excluding first attack was 0.85 (1239 relapses; 17 504 months;
n = 452), and mean (SD) EDSS score was 0.9 (1.2).

High BMI was associated with statistically significantly in-
creased odds of pediatric MS in both sexes (obese girls OR, 2.19;
95% CI, 1.5-3.1; P < .001 vs obese boys OR, 2.14; 95% CI, 1.3-
3.5; P = .003). This association was dose dependent and had
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Table 1. General Characteristics of the Cohort

BMI
All Patients <90th Percentile >90th-97th >97th Percentile
Variable (N =453) (n=327) Percentile (n =59) (n=67)
Age at diagnosis, y
Mean (SD) 13.72.7) 13.6 (2.8) 13.2(2.6) 14.2 (2.0)
Median (range) 14.3(2.2-17.8) 14.4(2.2-17.8) 13.7 (5.5-16.7) 14.4(9.1-17.7)
Pvalue NA 1 [Reference]® 27 .06
Female, No./total No (%)
Total cohort 306/453 (67.5) 222/327 (67.9) 38/59 (64.4) 46/67 (68.7)
P value NA 1 [Reference] .65 >.99
<11y at MS onset 33/62 (53.2) 25/44 (56.8) 6/12 (50.0) 2/6 (33.3)
Pvalue NA 1 [Reference] .75 .39
211y at MS onset 273/391 (69.8) 197/283 (69.6) 32/47 (68.1) 44/61(72.1)
Pvalue NA 1 [Reference] .86 .76
Interval first attack to DMT, mo
Mean 11.7 11.9 11.8 10.6
Median 6.2 6.0 7.0 6.0
No. 352 258 40 54
P value NA 1 [Reference] .97 48
Falllar-m Gk, f7E Abbreviations: BMI, b_ody mass index
(calculated as weight in kilograms
Mean 38.4 39.1 36.8 36.4 divided by height in meters squared);
Median (range) 31(1-158) 31(1-158) 31(1-139) 30 (2-100) DMT, disease-modifying therapy:
No. 453 327 59 67 NA, not applicable.
P yalue NA 1 [Reference] 62 39 21[Reference], reference group for

Pvalue.

an OR of 1.37 (95% CI, 1.0-1.8; P = .03) in overweight partici-
pants and rose to 2.2 (95% CI, 1.7-2.9; P < .001) in those with
obesity, an outcome seen equally in boys and girls. Higher rates
of overweight and obesity were seen among both younger (7-10
years) and older (11-17 years) children with MS compared with
controls, although statistical significance was not achieved in
all age categories. Boys aged 7 to 10 years had the highest rate
of overweight and obesity (10/25 [40.0%]) (Table 2). To con-
trol for secular changes in BMI, patients with MS onset be-
tween 2003 and 2006 (n = 56) were analyzed; 8 (14.3%) of these
patients were obese (BMI>97th percentile). This figure was con-
sistent with the findings for the whole cohort (14.8%).

Of the 453 patients, 352 (77.7%) received a DMT. For 6
months or longer, 277 patients were treated with interferon beta
(n = 249) and/or glatiramer (n = 51). Interferon beta-1a (Rebif;
EMD Serono Inc), provided to 126 children, and interferon
beta-1b (Betaferon; Bayer PLC), provided to 107, were the most
commonly used medications, followed by glatiramer (Copax-
one; Teva Neuroscience Inc), provided to 51 patients, and in-
terferon beta-la (Avonex; Biogen), provided to 27.

Seventy-seven (27.8%) of the 277 patients had a BMI higher
than the 90th percentile at diagnosis. Time toinitiation of a DMT
and treatment duration while receiving therapy with inter-
feron beta and glatiramer were not statistically significantly dif-
ferent between weight categories (Table 3). Although the re-
lapse rate prior to treatment was similar between nonoverweight
(ARR, 1.13; 95% CI, 0.69-1.31), overweight (ARR, 1.17; 95% CI,
0.39-1.61), and obese (ARR, 1.2; 95% CI, 0.5-1.5) patients, sta-
tistically significantly more relapses were recorded for obese
patients during treatment with interferon beta and glatiramer

JAMA Neurology Published online July 15,2019

compared with those recorded for their nonoverweight coun-
terparts (ARR, 1.29 [95% CI, 1.1-1.6] vs 0.72 [95% CI, 0.6-0.8];
P <.001) (Table 3). This finding was statistically significant for
both children younger than 11 years and adolescents aged 11 to
17 years. Extremely obese patients (BMI>99.5th percentile;
n = 20) had the worst response to interferon beta and glati-
ramer therapy (ARR, 1.37; 95% CI, 1.0-1.9; P < .001).

Overall, 181 patients had MS onset in 2010 or later and
had 12 months or more of follow-up. Mean (SD) follow-up for
these patients was 35.4 (17.7) months with no statistically sig-
nificant difference between weight categories. Seventy-eight
patients (43.1%) either received or were recommended for
second-line treatment. Fifty-three (29.3%) received natali-
zumab; 31 (17.1%), fingolimod; 2 (1.1%), alemtuzumab; and 2
(1.1%), rituximab. Ten patients (5.5%) received 2 or more
second-line agents. Thirty (38.5%) of the 78 patients had a
high BMI at diagnosis, and 21 (26.9%) were obese. The likeli-
hood of receiving a second-line DMT was approximately 1.5
times higher among obese (21 [56.8%] of 37) and extremely
obese (11 [61.1%] of 18) patients compared with nonover-
weight patients (48 [38.7%] of 124). Body mass index data at
the time of second-line DMT initiation were available for 76
of 78 cases. Most patients (69 of 76 [90.8%]) had not changed
their weight categories. Twenty-seven (93.1%) of 29 patients
who had displayed a high BMI at first clinical presentation
were still displaying a high BMI at escalation. By the time of
therapy escalation, none of the obese patients had a weight
below the 90th percentile, whereas 2 initially overweight
patients had a weight below the 90th percentile, and 4 non-
overweight patients had become overweight.
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Table 2. Odds of Pediatric Multiple Sclerosis

Controls With Controls Patients With MS
B o7,  Patients With MS With BMI oM with BMI>97th Percentile
Percentile, % Pty e el P Percentile, e P
Variable*  (95% CI)® % (95% CI) No./TotalNo. OR(95%Cl) Value % (95%CI)* % (95% CI) No./Total No. OR(95%Cl)  Value
Age 7-10y
Boys 8.9 24.0 6/25 2.45 .06 7.0 16.0 (4.5-36.1) 4/25 2.11(.5-6.3) .10
(7.6-10.4) (9.4-45.1) (0.8-6.3) (5.8-8.3)
Girls 9.0 18.2 4/22 1.83 .30 5.7 9.1(1.1-29.2) 2/22 1.50(.2-6.3) .60
(7.6-10.7) (5.2-40.3) (0.5-5.5) (4.7-6.9)
Total 9.0 (8.0-10) 21.3 10/47 2.3(1.1-4.5) .04 6.4 12.8 (4.8-25.7) 6/47 1.85(.6-4.5) .20
(10.7-35.7) (5.6-7.3)
Age11-17y
Boys 9.1 12.6 15/119 1.14 .70 7.7 14.3(8.5-21.9) 17/119 1.7 (.9-2.9) .05
(8.9-11.0) (7.2-19.9) (0.6-2.0) (6.8-8.6)
Girls 9.4 12.0 33/274 1.15 .50 8.2 16.1(11.9-21.0) 44/274 1.79 .002
(8.4-10.4) (8.4-16.5) (0.8-1.7) (7.3-9.2) (1.2-2.6)
Total 9.7 12.2 48/393 1.13 .50 7.9 15.5(12.1-19.5) 61/393 1.8(1.3-2.4) <.001
(9.0-10.4) (9.1-15.9) (0.8-1.6) (7.3-8.6)
Age 3-17y
Boys 8.8 (8.0-9.7) 14.5 21/145 1.49 .10 6.3 14.5(9.2-21.3) 21/145 2.14 .003
(9.2-21.3) (0.9-2.4) (5.6-7.0) (1.3-3.5)
Girls 8.5(7.9-9.2) 12.5 38/305 1.33(.9-1.9) .10 6.4 4615.1 46/305 2.19 <.001
(9.0-16.7) (5.8-7.1) (11.3-19.6) (1.5-3.1)
Total 8.7(8.2-9.2) 13.1 59/450 1.37 .03 6.3 14.9 (11.7-18.5) 67/450 2.2(1.7-2.9) <.001
(10.1-16.6) (1.0-1.8) (5.8-6.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); OR, odds ratio.

@ Patient data for age category 3 to 6 years (n = 10) are not shown. This group
contained only 1overweight and O obese children; the findings were
insignificant. Three patients were excluded from this analysis for being

younger than 3 years of age at BMI measurement.

The control group consisted of 14 747 healthy German children aged 3 to 17
years from the KiGGS (German Health Interview and Examination Survey for
Children and Adolescents) study.>?

No BMI association was shown for disease activity on base-
line brain or spine MRI, interval between first and second MS
attacks, or EDSS score progression (Table 4). Mean disease du-
ration was not statistically significantly different between
weight classes.

|
Discussion

Many of the obese patients who were treated at the Center for
MS in Childhood and Adolescence have not responded to first-
line medications. Although obesity has been previously asso-
ciated with increased risk of pediatric MS, its association with
treatment response has not been studied to date. A great ad-
vantage of studies in the pediatric population is that MS on-
set and the association with BMI can be more reliably ad-
dressed because of more reliable data collection and reduced
recall bias (unreliable data collection and recall bias are com-
mon problems in adult investigations).

In the first part of this study, aimed at confirming the as-
sociation between obesity and increased pediatric MS risk, we
analyzed 453 patients, which, to our knowledge, was the larg-
est cohort to date. We found that the rate of overweight and
obesity among pediatric patients with MS was statistically sig-
nificantly higher than among healthy controls, with obesity in-
creasing MS susceptibility twofold. The outcome was dose de-
pendent, with MS odds rising from 1.37 in overweight children
to 2.2 in obese children. The magnitude of MS risk associated
with obesity was similar for boys and girls. Findings for fe-
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male patients matched those in the literature, which indi-
cated that obesity has consistently been associated with a 1.6
to 2.4 increase in MSrisk, but the degree of male risk has been
disputed.®11:14:16:26 Most adult studies have shown either no
risk or only attenuated risk in males.1:1:13:16:36 pediatric find-
ings are scarce, but a study has also reported statistically sig-
nificant male risk (n = 59; BMI>85th percentile; OR, 1.43;
P = .01).1 This finding may be specific to pediatric cohorts or
may reflect more reliable data collection owing to reduced re-
call bias. Another possibility is the implication of increasing
BMI trends over time given that adult MS studies most likely
reflect BMI data from an earlier generation of men with lower
obesity rates. Two previous pediatric MS studies did not show
any relevant association between BMI and MS risk in prepu-
bertal children (aged 2-11 years), but we found a high rate of
overweight or obesity among younger patients with MS (aged
7-10 years), particularly boys.!%:26

In the second part of the study, we analyzed the associa-
tion of obesity with response to first-line therapy in 277 pa-
tients treated with interferon beta or glatiramer. Supporting
our observation, patients who were obese at diagnosis expe-
rienced nearly twice as many relapses while being treated with
these medications, compared with nonoverweight patients.
Consistent with this finding, the switch rate to a second-line
DMT was approximately 50% higher. All children who were
obese at diagnosis were still displaying high BMIs at therapy
escalation. To our knowledge, the association between BMI and
treatment response in pediatric MS has never been investi-
gated before. Yamamoto et al,>” however, did observe higher
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Table 3. Comparison of Treatment Responses

BMI
>90th-97th
Variable All Patients <90th Percentile Percentile >97th Percentile
Months to start of DMT
Mean 11.7 119 11.8 10.6
Median 6.2 6.0 7.0 6.0
No. 352 258 40 54
Pvalue NA 1 [Reference]® .97 48
First-line therapy®
Interferon beta-1a, 1b, and
glatiramer acetate
ARR (95% Cl) 0.81(0.7-0.9) 0.72 (0.6-0.8) 0.84(0.7-1.1) 1.29(1.1-1.6)
No. 277 200 32 45
P value NA 1 [Reference] 24 <.001
Patients <11y at MS onset
ARR (95% ClI) 0.55(0.4-0.7) 0.49 (0.4-0.6) 0.37(0.2-0.7) 1.22 (0.7-2.0)
No. 43 32 6 5
P value NA 1 [Reference] .45 <.001
Patients 211 y at MS onset
ARR (95% CI) 0.90 (0.8-1.0) 0.79(0.7-0.9) 1.04 (0.8-1.4) 1.31(1.1-1.6)
No. 234 168 26 40
P value NA 1 [Reference] .07 <.001
[ . Rp— Abbreviations: ARR, annualized
relapse rate (relapses per
ARR (95% Cl) 0.79 (0.7-0.9) 0.7 (0.6-0.8) 0.89(0.7-1.2)  1.22(1.0-1.5) person-years); BMI, body mass index
No. 249 180 27 42 (calculated as weight in kilograms
P value NA 1 [Reference] 12 <001 divided by height in meters squared);
DMT, disease-modifying therapy;
Glatiramer acetate NA, not applicable.
ARR (95% CI) 0.89(0.7-1.1) 0.82(0.6-1.1) 0.47 (0.2-1.1) 1.86 (1.1-3.0) 21 [Reference], reference group for P
No. 51 31 11 9 value.
Pvalue NA 1 [Reference] 17 .004 ®Only patients with 6 or more
Mean duration of treatment with 2.1 2.1 2.3 1.9 months treatment duration.
interferon beta and glatiramer € Only patients with first presentation
acetate, y in 2010 or later and at least 12
P value NA 1 [Reference] 63 25 months of follow-up since first
Frequency of second-line therapy, ~ 78/181(43.1)  48/124(38.7)  9/20 (45.0) 21/37 (56.8) attack unless escalated in 12 months
No./total no. (%)° or less. Second-line medications:
P value NA 1 [Reference] .63 .06 fingolimod, natalizumab.

alemtuzumab, and rituximab.

relapse rates, in general, among overweight and obese chil-
dren in a study describing 60 pediatric patients with MS, but
treatment response was not investigated. An association be-
tween high BMI and worse therapy response to interferon beta
has been described in a small adult cohort of 86 patients.>® In
that study, Kvistad et al>® found that obese patients were sub-
stantially less likely to reach no evidence of disease activity
under interferon beta treatment. Kvistad et al*® postulated that
obesity-associated proinflammatory outcomes promote a state
of chronic low-grade systemic inflammation, thereby leading
to greater disease activity in these patients. We considered this
possibility and extended this study to analyze disease activ-
ity in the total cohort of 453 patients.

To exclude the confounders of treatment, we assessed MRI
activity at diagnosis, interval between first and second MS at-
tacks, relapse pretreatment, and disability progression as mea-
sures of disease activity. Contrary to our expectation, we found
no evidence that a high BMI was associated with a more ac-
tive inflammatory process. The association between obesity

JAMA Neurology Published online July 15,2019

and disease activity in pediatric MS has, to our knowledge, been
described in only one study with a small cohort (n = 50), which
analyzed ARR and new lesions on MRI.>° Consistent with our
findings, BMI at diagnosis was not correlated with disease ac-
tivity. Kvistad et al*® also did not find an association between
BMI and MRI disease activity or EDSS score prior to inter-
feron beta treatment. Without evidence of higher disease ac-
tivity, the suboptimal treatment response observed in this
study may be associated with altered drug pharmacokinetics
in obese patients. No pharmacokinetic data are available on
the absorption of interferon beta and glatiramer after subcu-
taneous application in obese patients with MS, but studies of
other medications such as enoxaparin sodium and insulin have
shown slower but complete absorption in obese patients.*°-4!
Increased adipose tissue mass and lean body mass as well as
the physiochemical properties of the drug, such as lipophilic-
ity, also alter drug distribution.*? To our knowledge, this dis-
tribution has not been studied for interferon beta or glati-
ramer, but areduction of interferon alfa serum concentrations
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Table 4. Comparison of Disease Severity

BMI
>90th-97th
All Patients <90th Percentile  Percentile >97th Percentile
Variable (n =453) (n=327) (n=59) (n=67)
MRI <6 mo of first clinical
presentation
T2 Cranial lesions
Median 15.0 14.0 15.5 15.0
No. 385 278 50 57
Pvalue NA 1 [Reference]® .93 .32
Gadolinium
Median 1.0 1.0 1.0 1.0
No. 366 259 49 58
Pvalue NA 1 [Reference] .06 .60
T2 Spinal lesions
Median 1.0 1.0 1.0 1.0
No. 333 233 46 54
P value NA 1 [Reference] .26 .34
Gadolinium
Median 0.0 0.0 0.0 0.0
No. 295 206 40 49
P value NA 1 [Reference] .54 .13
Interval between 1st and 2nd
attack, mo
Mean 9.2 9.1 7.9 10.9
Median 5.5 5.2 5.0 6.0
No. 361 254 45 62
P value NA 1 [Reference] .40 41
EDSSat2y
Mean 0.8 0.8 .70 .80
Median 0.0 0.0 0.0 0.0
No. 308 220 36 52
P value NA 1 [Reference] 71 .85 Abbreviations: EDSS, Expanded
EDSS at last consultation Disability Status scale (range: 0-10,
Median 0.0 0.0 0.0 1.0 indicating normal neurological
No. 433 318 53) 62 examination); NA, not applicable.
pvalue NA 1 [Reference] 41 30 21[Reference], reference group for

Pvalue.

in obese patients has been described before.*® Studying the as-
sociation of obesity with the pharmacokinetics of first-line
DMTs may improve the understanding of treatment response
in obese patients and possibly even enable the development
of BMI-adjusted dosing recommendations.

Strengths and Limitations
A strength of this study was the large cohort size. All previous
BMI studies of children with MS had considerably smaller
sample sizes, particularly with respect to the number of male
and prepubertal children.

This study has several limitations. First, because the Cen-
ter for MS in Childhood and Adolescence is a tertiary referral
center for pediatric MS, it may have attracted a higher num-
ber of patients with less benign disease, which in turn may have
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changed the outcome measures. Furthermore, some relapses
were treated in local hospitals and therefore not verified at the
center. Second, patient BMI measurements were taken within
6 months of diagnosis and thus may not truly reflect pre-
disease BMI or changes in status over the study period. Fac-
tors against aradical change from pre-disease BMI status in our
patients were that the mean time between MS diagnosis and
height and weight measurement was only 2.4 months; the ste-
roid exposure was not prolonged; and the EDSS score was low,
indicating minimal disability. Subgroup analysis of BMI at ini-
tiation of second-line therapy also indicated little change in
BMI status over the study period. Moreover, 2 adult studies
have shown no association between MS and BMI status, with
abaseline EDSS score also not a predictor of BMI change in one
of these studies.'?%* In the analysis of MS risk, the implica-
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tions of recognized MS risk factors such as pre-disease levels
of serum Vitamin D, exposure to Epstein-Barr virus, or ge-
netic factors were not considered; however, a causal relation-
ship between BMIand onset of adult and pediatric MS has been
confirmed even after controlling for these variables.'®-2°
Disease activity assessment was limited by 2 factors.
First, MRI data were based on lesion count and not lesion vol-
ume; thus, disease activity was underrepresented in patients
with large confluent lesions yet low overall lesion count,
whereas a degree of inaccuracy was possible in patients with
high lesion counts. Second, follow-up was short and EDSS
scores generally were low in all patients, a common finding in
pediatric MS that limits the value of this variable. Because
only German children were evaluated, the findings may not
be reflective of children of other race/ethnicity or geographic

Association of Obesity With MS Risk and First-line Drug Response in Children

. |
Conclusions

This study’s findings appear to have confirmed increased pe-
diatric MS risk association with obesity as well as a statistically
significantly worse response to current first-line medications
interferon beta and glatiramer and greater likelihood of switch
to second-line agents in obese patients. The findings do not in-
dicate that obesity promotes greater disease activity, but phar-
macokinetic factors are more likely associated with treatment
response. This suggestion may have relevant management im-
plications given that a healthy weight may potentially opti-
mize treatment outcomes and reduce disease-related burden
and health care costs. These findings also imply that under-
standing obesity-associated pharmacokinetics of first-line DMTs

location.
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