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Abstract

Children with pediatric-onset multiple sclerosis and pediatric controls were enrolled across 16 

pediatric multiple sclerosis centers in the United States and completed questionnaires that 

addressed time of first unaided walking and acquisition of two-word phrases. A total of 467 (308 

female) cases and 428 (209 female) controls were enrolled. Pediatric multiple sclerosis (n=467) 

were not delayed in walking or using two-word phrases compared to healthy controls (n=428) 

(2.2% vs 5.7% respectively). Children with disease onset before age 11 vs. onset at 11 years or 

after were more likely to need an individualized education plan (p=0.002), reading assistance 

(p=0.0003) and math assistance (p=0.001). Children with multiple sclerosis onset prior to age 18 

are not delayed in meeting the two major early developmental milestones but do have a 

significantly increased use of special services or learning assistance at school. Further research 

will need to address whether other measures of development (e.g rate of language acquisition or 

fine motor skills) differ between pediatric multiple sclerosis and controls.
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Introduction

Multiple sclerosis is an inflammatory demyelinating disease of the central nervous system 

that typically affects young adults but can also develop in children and adolescents.1–3 

Patients with pediatric-onset multiple sclerosis have more frequent exacerbations and more 

T2-bright lesions on brain magnetic resonance imaging scans at onset as compared to adults.
4

Cognitive impairment after multiple sclerosis diagnosis occurs5 in about one-third of 

pediatric patients6–8 and one-half or more of adults with multiple sclerosis. Impairment 

depends in part on disease duration.9 Children with clinically isolated syndrome also have 

cognitive deficits detectable shortly after disease onset.7 The course of cognitive impairment 

in children has varied across studies. In an Italian cohort of 63 patients in whom 48 were 

retested over 5 years, more than half worsened.10 However, in an United States cohort11 

tested twice over 1.6 years as well as in a Canadian group tested twice over 1 year,12 there 

was little change in mean scores. What was most notable was that far fewer of those with 

pediatric multiple sclerosis improved (18%) on repeated testing compared to healthy 

controls in whom 86% improved, suggesting a failure to acquire age appropriate skills.

Aaen et al. Page 2

J Child Neurol. Author manuscript; available in PMC 2020 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Children with chronic diseases such as diabetes, epilepsy and spina bifida have impaired 

school performance.13–15 Previous studies have assessed performance by absenteeism and 

academic testing. Low socioeconomic status and parental education level were the major 

predictors for poor school performance. In children with acquired demyelinating syndromes, 

the French “KIDSEP” study group utilized grade retention as a marker for academic 

performance.16 The cohort was monitored for an average of eight years, during which 44% 

of patients repeated a grade. Risk factors for grade retention included being male, low 

socioeconomic status, and being older than 11 years at disease onset.

Acquisition of early motor and verbal developmental milestones in healthy children includes 

being able to walk independently by 12–15 months and using two-word phrases by 24 

months.17 Not meeting developmental milestones on time is correlated with poor 

intelligence later in life.18

It is remarkable that in childhood-onset multiple sclerosis, cognitive changes can be detected 

early after disease onset while residual physical symptoms from first demyelinating events 

tend to recover very well or completely.19,20 Our a priori hypothesis was that there is 

cognitive dysfunction and impairment of early milestone acquisition before first detected 

clinical multiple sclerosis event.

Methods

This study was conducted as part of a larger case-control study investigating environmental 

and genetic risk factors for pediatric multiple sclerosis conducted at 16 multiple sclerosis 

centers, most of which participate in the United States Network of Pediatric Multiple 

Sclerosis Centers. Parents or legal guardians of cases and controls completed a questionnaire 

(http://www.usnpmsc.org/Documents/EnvironmentalAssessment.pdf) asking whether the 

child walked independently by 15 months of age and used two-word phrases by 24 months 

of age. Parents could respond in one of two ways: they could report the exact age in months 

or select from a range (less than 12 months, between 12–15 months, more than 15 months 

and unknown). Responses of “unknown” were treated as missing in the analysis. As part of 

an ongoing registry study in pediatric multiple sclerosis, families of multiple sclerosis 

subjects also completed a separate questionnaire that captured information on need for 

special education services. These data were not captured in the healthy control group as 

controls were not enrolled in the registry. Data from all questionnaires were merged into a 

single database.

Cases included children with relapsing-remitting multiple sclerosis or first demyelinating 

event and at least two silent magnetic resonance imaging lesions, with disease onset prior to 

18 years of age. Diagnosis was ascertained by a panel of at least two pediatric multiple 

sclerosis experts for all cases enrolled in the case-control study. Age matched controls were 

recruited in the general and subspecialty clinics at participating institutions with the majority 

recruited from general pediatric clinics. Controls were not recruited from neurology clinics 

nor were they related to multiple sclerosis subjects and did not have other neurological 

disease. Inclusion criteria for controls were absence of any autoimmune disease, except 

asthma and eczema and no parent with multiple sclerosis. Institutional Review Board 
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approval was obtained at all participating sites and written informed consent obtained from 

parents and assent from subjects as required. The Data Coordinating and Analysis Center at 

the University of Utah maintained and analyzed data.

All analyses were performed using SAS Version 9.4 (SAS Institute, Cary, NC). We 

described the cases and controls using frequencies and percentages for the categorical 

variables and means, standard deviations, and ranges for continuous variables. Logistic 

regression models, adjusting for sex, were used to determine the effect of case/control status 

on developmental milestones.

We compared use of special services between those with very early disease onset (age < 11) 

and those with later disease onset (age ≥ 11) using Fisher’s exact test. Eleven years was used 

as a cut-off as has been used in prior pediatric multiple sclerosis studies.3,16,21 Multivariable 

logistic regression models were used to determine an association of special services with 

early disease onset adjusting for disease duration, gender, race/ethnicity, and mother’s 

education.

Results

A total of 467 cases (308; 67% female) with mean age at first event of 13.5 years (median 

14.7, SD 3.8) and 428 controls (209; 49% female) were enrolled (see table 1). Mean age at 

enrollment was 15.4 years for cases and 14 years for controls. The mean disease duration at 

time of enrollment was 11.5 months (median 8.5, SD 12). The mean age at first event was 

7.1 years (median 7.2, SD 2.7) in those with multiple sclerosis onset prior to age 11, and 

15.1 years (median 15.4, minimum 11.1, maximum 19.2; SD 1.8) in those with onset at or 

after age 11.

As compared to healthy controls, children with multiple sclerosis were less likely to have 

walked after 15 months compared to controls (2.2% vs 5.7%, p=0.01). There was no 

difference in using two-word phrases after 24 months between multiple sclerosis subjects 

and healthy controls (2.4% vs 5.2%, p=0.07). In multivariable models adjusting for sex, 

cases were significantly less likely to walk at more than 15 months than controls (OR=0.37, 

95% CI=0.16, 0.82, p=0.01). There were no statistically significant differences between 

cases and controls for using the first two-word phrase when adjusting for sex. We were 

unable to adjust for race and mother’s education due to small cell sizes.

Subjects with first symptoms prior to age 11 were more likely to require an individualized 

education plan, occupational therapy, reading assistance and math assistance compared to 

subjects with multiple sclerosis onset at age 11 or older (see table 2). Children received 

special services prior to multiple sclerosis diagnosis in 9.2% of patients with diagnosis prior 

to age 11 versus 10.5% with diagnosis after age 11 (p=0.84).

In multivariable analysis, adjusting for disease duration, sex, race/ethnicity, and mother’s 

education, those having disease onset prior to age 11 had four times the odds to receive 

occupational therapy (95% CI=1.43,11.89, p=0.01). They were also more likely to receive 

assistance in reading (OR 2.73, 95% CI=1.12, 6.65, p=0.03) and math (OR 3.13, 95% 

CI=1.36–7.22, p=0.01) (see table 3).
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Discussion

We observed that children who develop pediatric multiple sclerosis are not delayed, relative 

to healthy controls, in acquisition of early motor and verbal developmental milestones of 

walking independently and using two-word phrases. In adults there is evidence of a disease 

prodrome prior to the first demyelinating event.22 In fact, our data show that pediatric 

multiple sclerosis patients were less likely to be delayed in walking independently than 

healthy controls. Our results suggest that in patients with multiple sclerosis diagnosed in 

childhood the disease prodrome may not extend into the infancy and toddler period. It is 

possible that inflammation does extend this far but that time to walking independently and 

using two words phrases are not sensitive enough measures to detect subtle changes in 

toddlers. These data are in contrast with reports that some patients who go on to develop 

multiple sclerosis-like demyelination have genetic predispositions to abnormal white matter 

development.23

When comparing children with very early onset multiple sclerosis (age < 11) to later-onset 

multiple sclerosis, the younger group required an individualized education program, 

occupational therapy, and assistance in reading and math more frequently, possibly 

reflecting a longer duration of inflammatory brain activity and/or greater vulnerability of the 

developing brain. Adjusting for disease duration, race/ethnicity and mother’s education, 

children with very early onset multiple sclerosis were more likely to receive occupational 

therapy, reading assistance as well as math assistance. The greater need for special education 

activities in very early onset multiple sclerosis is in line with previous reports of more 

significant cognitive impairment in children with pre-pubertal onset multiple sclerosis24but 

are in contrast to the KIDSEP cohort where onset of an acquired demyelinating syndrome 

after age 11 was associated with a greater risk of grade retention.16 Early initiation of 

disease modifying treatment may slow cognitive impairment in adults.25–27 Future studies 

are needed to determine the cost-effectiveness of early initiation of disease modifying 

treatment in children in improving academic performance and thereby reducing the need for 

special education services.

Strengths of our study include the large and diverse cohort of well-characterized multiple 

sclerosis subjects and adjustments for possible confounders. A significant limitation is the 

self-report nature of milestones that occurred on average over a decade prior to study 

enrollment. Previous studies that have examined contemporary recording of milestone 

attainment with parental recall several years later have shown that reliability decreases over 

time.28 However, we would expect recall accuracy of parents of cases and controls to be 

similar. Other limitations include the restricted capture of milestone data on the 

questionnaire, the lack of precise timing on initiation of individualized education program 

and other services relative to the date of multiple sclerosis diagnosis.

Future research should investigate evidence of very early cognitive impairment utilizing 

extended and more sensitive developmental metrics as well as whether use of special 

education services improve developmental outcomes.
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Table 1:

Characteristics of the study sample

Patients Controls

Males/Females 153/308 215/209

Age at first event, mean ± SD (range) y 13.5 ± 3.8 (1.9 – 19.2)

Age at first event (disease onset < 11), mean ± SD (range) y 7.1 ± 2.7 (1.9 – 10.9)

Age at first event (disease onset ≥ 11), mean ± SD (range) y 15.1 ± 1.8 (11.1 – 19.2)

Disease duration (time from first event to last event, mean ± SD (range) years 3.5 ± 2.8 (0.0 – 15.6)
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Table 2:

Developmental Milestones and Special Educational Services by Age at Onset

Registry Question Total Responses Disease Onset Age <11 Disease Onset Age ≥11 p-value

Walk after 15 months 9/407 3/81 = 3.7% 6/326 = 1.8% 0.39

Two word phrase after 24 months 9/368 3/76 = 4.0% 6/292 = 2.1% 0.39

Received special services prior to MS diagnosis 44/430 8/87 = 9.2% 36/343 = 10.5% 0.84

Child currently receives special education services 149/407 37/81 = 45.7% 112/326 = 34.4% 0.07

504 plan accommodations 107/414 26/82 = 31.7% 81/332 = 24.4% 0.20

Individualized education plans (IEP) 66/414 23/82 = 28.1% 43/332 = 13.0% 0.002

Occupational therapy 20/414 9/82 = 11.0% 11/332 = 3.3% 0.007

Physical therapy 39/414 11/82 = 13.4% 28/332 = 8.4% 0.20

Speech therapy 5/414 1/82 = 1.2% 4/332 = 1.2% 1.00

Reading assistance 32/414 15/82 = 18.3% 17/332 = 5.1% 0.0003

Math assistance 34/414 15/82 = 18.3% 19/332 =5.7% 0.001

For all cases and controls 22% were missing the two-word phrase response and 13% were missing the walking age response.
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Table 3:

Disease onset prior to age 11 vs. Disease onset after age 11 modeled for special services

Special Service OR 95% CI P-value

504 Plan Accommodations 1.25 0.66, 2.34 0.49

Individualized Education Plans 2.00 1.00, 3.98 0.05

Occupational Therapy 4.12 1.43, 11.89 0.01

Physical Therapy 1.86 0.76, 4.54 0.17

Reading Assistance 2.73 1.12, 6.65 0.03

Math Assistance 3.13 1.36, 7.22 0.01

Speech Therapy 1.48 0.15, 14.36 0.74

Adjusted for disease duration, race/ethnicity, and mother’s highest level of education Note: Speech therapy was not adjusted for mother’s highest 
level of education due to small cell sizes
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