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Abstract

Background: Investigations of a prodrome in multiple sclerosis (MS) usually have included adults.
Objective: To compare rates and reasons for health care use in youth with and without MS, considering
time relative to the MS index date and to birth.

Methods: This retrospective cohort study used population-based administrative data (1991-2020) from
Ontario, Canada. We matched youth (<18 years) with MS up to 5:1 to youth without MS by sex, birth
year, region, and duration of observation (full cohorts). Subcohorts had data from birth to MS index date
(first demyelinating disease claim). We compared health services use, adjusting for age, sex, area-level
income, region, and year.

Results: We included 451 individuals with pediatric-onset MS and 1422 without MS. As of 6 years pre-
index, the full MS cohort had higher physician services use (year 6: rate ratio (RR) = 1.45; 95% confi-
dence interval (95% CI) = 1.25-1.67) and hospitalizations (RR = 2.79; 95% CI = 1.31-5.94). Findings
were similar in subcohorts. The MS subcohort had elevated physician visit rates in early life that rose as

the MS index date approached.

Discussion: Youth with pediatric-onset MS exhibit increased health care use from birth. Early life may be
a risk period for MS. A prodromal phase may emerge 6 years before the onset of typical MS symptoms.
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Introduction

Multiple reports indicate changes in health care use
preceding presentation with multiple sclerosis (MS)
by 5—10years, observed using clinical or administra-
tive databases.!2 These changes in health care use
could reflect prodromal disease; rises in serum neuro-
filament light chain levels 6-10 before clinical pres-
entation biologically support this concept.’* The
identification of prodromal disease could lead to ear-
lier intervention and clarify the etiologically relevant
period for preventing MS.

Most studies have focused on adult populations'? in
which confounding may occur due to comorbidities,
diagnostic delays, and unrelated life experiences.
Pediatric populations have a lower comorbidity burden
and fewer irrelevant events, offering the opportunity to

better characterize the features and onset of prodromal
disease. A German study reported that obesity, vision
disorders, and skin sensation disturbances were more
common Syears before a first MS diagnostic code
among youth with MS than those without MS or with
juvenile inflammatory arthritis.’ This study was limited
to physician billings, suggesting further exploration of
health care use preceding presentation with pediatric-
onset MS is warranted. However, fluctuations in health
care use in childhood related to well-childcare must be
considered.

We used population-based data to compare rates of
and reasons for hospitalizations and physician ser-
vices use in youth with and without MS, considering
time relative to the MS index date and time relative to
birth.
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Methods

Setting

We conducted this matched retrospective cohort study
in Ontario, where 38% of the Canadian population
resides.® The publicly administered, provincial health
insurance plan covers medically necessary physician,
hospital, and related services.

Data sources

We used multiple administrative datasets, held by
ICES, which capture health services used by Ontario
residents including the registered persons’ database;
discharge abstract database; Ontario Health
Insurance Plan database; and ICES Physician
Database over the period April 1991 to March 2020
(see Supplemental E-Methods). Diagnoses are
recorded using the International Classification of
Disease (ICD) 9th edition or 10th edition—Canadian
modification. These datasets were linked using
unique encoded identifiers and analyzed at ICES.
We obtained ethics approval from the University of
British Columbia’s Clinical Research Ethics Board.
Data access (via ICES) was authorized under sec-
tion 45 of Ontario’s Personal Health Information
Protection Act.

Study populations

We identified individuals with pediatric-onset MS,
aged < 18 years, using a validated case definition (see
Supplemental E-Methods).” The earliest ICD-
9/10-CA claim for demyelinating disease was the
index date. We excluded individuals lacking valid
registration numbers, ineligible for health care cover-
age at the index date and lacking health care coverage
=90% of the Syears preceding the index date, or
between the index date and third MS claims.

Each individual with MS was matched to individuals
without MS (“non-MS”), by sex, exact birth year, first
three digits of the postal code at the index year, and
duration of observation; a minimum of one match was
required, and we selected up to five matches where
available. We also identified subcohorts of individuals
with and without MS with data available from birth to
index date.

Outcomes

Outcomes included (1) annual rates of health care use
including inpatient hospitalizations and physician vis-
its; (2) annual rates of use by types of physicians/spe-
cialists seen (see Supplemental E-Methods); and (3)

reasons for health care use grouped by ICD chapters
over the entire study period (Supplemental Table el).

Covariates

Covariates included sex, area-based income derived
from census data in quintiles at the index date, urban/
rural region based on the second character of the
postal code at the index date, and index year.

Analysis

We compared rates of each outcome between the
matched cohorts using rate ratios (RRs; 95% confi-
dence intervals (95% CI)) based on a Poisson distri-
bution using the time scale of year relative to the
index date (i.e. year 1 is 1 year pre-index). To test the
association between year relative to the index date,
cohort (MS vs. non-MS), and each outcome, we con-
structed negative binomial regression models, using
the natural log of person-time as the model offset and
generalized estimating equations (exchangeable
working correlation matrix) to account for repeated
measurements. We adjusted for age (continuous), sex
(male as reference), area-based income quintile (line-
arized), region (rural as reference), and index year
(continuous). To examine whether rates of health care
use differed over time between cohorts, we included
an interaction term between the year pre-index and
cohort, for consistency with the adult literature.! We
tested for effect modification by age and sex. Since
cohort size and follow-up duration varied over the
observation period, we repeated the analysis in MS
and matched cohorts with complete data from birth.

For the subcohorts only, we also examined the rates
of each outcome according to a second time scale,
year relative to birth (i.e. birth year is year <1). The
second time scale illustrated the changes in health
care use experienced early in life due to well-child-
care visits. We modified the multivariable regression
models to use year relative to birth as the time scale
(as a categorical variable), and then adjusted for year
relative to the index date (as a continuous variable).
We included interaction terms: year relative to
birth*cohort, year relative to the index date*cohort,
year relative to birth*year relative to the index date,
and year relative to birth*cohort*year relative to the
index date. Non-significant terms were dropped.

Complementary analyses

We repeated analyses in the subcohort of individuals
aged = 12 years to exclude possible misdiagnoses due
to myelin oligodendrocyte protein antibody disease
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(MOGAD); while MOGAD can occur at all ages, the
relative proportion of incident demyelinating events
due to MOGAD versus MS is the highest in those < 12
years. Second, for the most coded ICD chapters, we
explored the frequency of diagnosis codes over the
entire observation period within the total MS cohort
and MS subcohort for whom data were available at
birth. Those analyses focused on physician visits, as
the number of codes was sufficiently high to be gener-
ally stable and to avoid small cells. Third, we used
reported delays between symptom onset and diagno-
sis in pediatric MS8 to generate a distribution of diag-
nostic lags of mean (SD) 2.5 (5.04) years, which we
randomly assigned to MS cases and matched controls,
then repeated analyses related to hospitalizations
and physician visits (see Supplemental E-Methods).
Fourth, we tested whether the associations observed in
the primary analysis were modified by diagnostic cri-
teria changes (see Supplemental E-Methods). Finally,
among MS cases with mental illness visits pre-index,
we examined mental illness visits post-index (see
Supplemental E-Methods). Statistical analyses used
SAS V9.4 (SAS Institute Inc., Cary, NC, USA).

Results

We evaluated 451 individuals with pediatric-onset MS
and 1422 individuals without MS in the main analysis
(Supplemental Figure el and Table 1). The median dura-
tion of follow-up was 11 years pre-index date, with 441
MS and 1384 non-MS individuals contributing 5 years
of data, 274 MS and 947 non-MS individuals contribut-
ing 10years, and only 32 MS and 32 non-MS individu-
als contributing 18years. Almost two-thirds of each
cohort were female; half were aged 16 to < 18years and
most lived in urban areas at the index date.

The subcohort comprised 179 individuals with MS
and 588 without MS. A slightly lower percentage
(40.2%) were aged 16 to < 18years at the index date
as compared to the whole cohort, and correspondingly
the mean (SD) age at the index date was 12.92 (4.51)
in the MS subcohort (vs. 14.31 (3.44) years in the
total MS sample), and duration of follow-up was
longer. Other characteristics examined were compara-
ble to those in the whole cohort (Table 1).

Annual rates of health care use relative to MS

index date

Unadjusted. In the MS cohort, rates of physician ser-
vices use resembled a U-shaped curve, with rates
decreasing from year 18 to year 7, following which
rates rose again to year 1. In the non-MS cohort, rates
of physician services use decreased from year 18 to

year 5 and remained stable thereafter (Figure 1(a)).
Rates of physician services use were consistently
higher in the MS than in the non-MS cohort except for
year 16; the highest rate ratios were in year 1 (RR =
2.50; 95% CI = 2.40-2.59). Although hospitalization
rates were lower, we similarly observed the highest
hospitalization rates in years 18 and 17. These rates
declined in both cohorts, remaining relatively flat
thereafter until year 2 in the MS cohort, when they
rose again (Figure 1(b)) (see Supplemental Figure e2
for subcohorts).

Adjusted. For the whole cohorts, the MS cohort had
higher adjusted rates of physician services use from
year 18 onward (RR = 1.43; 95% CI = 0.99-2.07),
although these differences were not statistically sig-
nificant for years 15 through 18. Rate ratios were gen-
erally stable, ranging from 1.21 to 1.39 until year 6
when they rose consistently, with a more marked
divergence between the MS and non-MS cohorts
emerging at year 2 (RR = 1.63; 95% CI = 1.43-1.85,
Figure 2(a) and Table e2).

Patterns were similar for hospitalizations, although
differences between the MS and non-MS cohorts
fluctuated regarding the statistical significance and
magnitude of associations, most marked at year 2
(Figure 2(c) and Table e2).

In the subcohort with data from birth to the index
date, we observed the same pattern and similar
strengths of association for physician visits and hospi-
talizations (Figure 2(b) and (d)), albeit with more
variability. We did not observe effect modification by
sex or age at index.

Annual rates of health care use relative to birth

In unadjusted analyses, using the time scale relative to
birth, the highest rate of physician visits and hospitali-
zations in both cohorts was in the first 2 years of life,
decreasing to a nadir between ages 9 and 11 years,
then increasing thereafter (Supplemental Figure e3).

In adjusted analyses for physician visits, cohort inter-
acted with time relative to birth (32=40.6, p=0.0011)
and time relative to the MS index date (y2=7.4,
p=0.0064), indicating physician visit rates differed
over time between the MS and non-MS cohorts for
both time scales. Specifically, the MS cohort had
higher physician visit rates up to 10 years before the
index date (RR in year 10 = 1.29; 95% CI = 1.13—
1.49), and in early life (RR birth year = 2.12; 95% CI
= 1.56-2.89; year 5 = 1.32; 95% CI = 1.11-1.57)
which persisted at older ages (Table 2).
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Table 1. Characteristics of the Pediatric-Onset MS and the Matched Cohorts at the Index Date.

Characteristic Total population Subcohort with data from birth

MS Matched (non-MS) MS Matched (non-MS)
cohort cohort

N 451 1422 179 588

Female, N (%) 293 (65.0) 901 (63.4) 122 (68.2) 369 (62.8)

Age at index date, N (%)

<12 69 (15.3) 203 (14.3) 52 (29.1) 155 (26.4)

12-15 153 (33.9) 518 (36.4) 55(30.7) 199 (33.8)

16-<18 229 (50.8) 701 (49.3) 72 (40.2) 234 (39.8)

Mean (SD) 1431 (3.44) 14.43 (3.23) 12.92 (4.51) 13.20 (4.18)

Index year, N (%)

1991-2000 128 (28.4) 455 (32.0) *1-5 *20-24

2001-2010 200 (44.3) 647 (45.5) *85-89 *271-275

2011-2020 123 (27.3) 320 (22.5) 89 (49.7) 293 (49.8)

Age at third MS claim, 16.74 (5.01) 16.91 (5.17) 14.85 (4.83) 14.86 (4.56)

Mean (SD)

Area-based income, N (%)

1 (lowest income quintile) ~ *84-88 *217-221 *¥121-125 *30-34

2 80 (17.7) 265 (18.6) 136 (17.7) 33 (18.4)

3 80 (17.7) 258 (18.1) 133 (17.3) 30 (16.8)

4 96 (21.3) 336 (23.6) 180 (23.5) 32 (17.9)

5 (highest income quintile) 106 (23.5) 341 (24.0) 20(11.2) 68 (11.6)

Missing *1-5 *1-5 *1-5 *1-5

Region of residence, N (%)

Urban 398 (88.2) 1,255 (88.3) 159 (88.8) 520 (88.4)

Rural 53 (11.8) 167 (11.7) 53 (11.8) 167 (11.7)

Follow-up before index (years)

Mean (SD) 11.14 (4.29) 11.42 (4.02) 13.77 (4.45) 13.47 (4.20)

Median (IQR) 11 (8-15) 12 (8-15) 15 (12-17) 15 (12-17)

IQR =Interquartile range, MS =Multiple sclerosis, N=Number, SD = Standard Deviation.
“Range presented to suppress small cell counts or prevent their back-calculation from other cells.

Findings were similar for hospitalizations, where we
also observed interactions between cohort and both
time scales (birth ¥2=34.0, p=0.0084; index date
¥?=10.1, p=0.0015). Considering these interactions,
the MS cohort had higher hospitalization rates up to
10 years before the index date (RR in year 10 = 2.12;
95% CI = 1.59-2.82) when compared to the non-MS
cohort. The MS cohort also had higher hospitalization
rates in early life (RR year 0 = 2.08; 95% CI = 1.59—
2.72; year 4 = 3.77; 95% CI = 2.05-6.94) (Table 2).

Specialists

Over the entire observation period, the MS cohort had
higher rates of visits to nearly all specialist types exam-
ined in unadjusted analyses; rates were 14-fold higher
for neurologists and neurosurgeons, 5-fold higher for
psychiatrists, and 4-fold higher for physiatrists (Table 3).

When examined by year, the elevated visit rates with
neurologists emerged at year 15, with neurosurgeons at
year 13, and psychiatrists at year 12, the latter being
consistently statistically significant from year 7 onward
(Supplemental Table e3A and e3B).

In the subcohorts with data from birth, across the
entire observation period, the providers with the high-
est relative visit rates remained the same (neurolo-
gists, psychiatrists, physiatrists) although the
magnitude of the associations differed slightly, and
confidence intervals were broader (Supplemental
Table e4). The timing of the elevated visit rates was
also similar (Supplemental Table e5A and e5B). In the
first year of life, the MS cohort had higher rates of
visits to internists, neurologists, dermatologists, pri-
mary care providers, general pediatricians, and urolo-
gists (Supplemental Table ¢6).
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Figure 1. Crude rates of health care use in multiple sclerosis (MS) and non-MS cohorts before the first demyelinating

disease claim: (a) physician visits; (b) hospitalizations.

LL=Lower limit of 95% confidence interval; UL=upper limit of 95% confidence interval. Population size suppressed where differences

between years are <5.

Complementary analyses

Analyses limited to the subcohort with data from
birth and age of MS index = 12 years, the direction of
the associations was like those in the full subcohort
(from Table 2), although some confidence intervals
were broader (Supplemental Table e7). In analyses
accounting for diagnostic lag, the magnitude of some

associations in the full cohorts was attenuated, the
pattern and years with statistically significant findings
remained similar (Supplemental Table 8). This was
also true in the subcohorts for physician visits; most
associations for hospitalizations (where event rates
were lower) were no longer statistically significant
(Supplemental Table ¢9).
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Figure 2. Adjusted rate ratios (RR) for association between multiple sclerosis and rates of health care utilization
according to year relative to the index date: (a) physician visits in the whole cohort; (b) physician visits in the subcohort
with data to birth; (c) inpatient hospitalizations in the whole cohort; (d) inpatient hospitalizations in the subcohort*.

*Population size suppressed where differences between years are <5.

Over the entire observation period, the MS cohort had
higher rates of health care use for all ICD-9 chapters
except diseases of the blood and blood-forming
organs and diseases of the skin and subcutaneous
organs, although some 95% Cls were broad, particu-
larly for hospitalizations (Supplemental Table el0,
E-results). The association between MS and physi-
cian visits relative to the index date persisted across
all index year groups (Supplemental Table ell). Of
211 children with a mental health visit pre-index, all
had a mental health visit within 1year post-index;
mental health visits continued for an average (SD) of
16.5 (6.7) consecutive years.

Discussion

In this population-based study, health care use dif-
fered between youth with and without MS from birth
onward. These differential patterns resembled a
U-shaped curve with particularly elevated relative
rates in the earliest years of life, less evident but per-
sistent differences in early childhood, and subsequent
progressive divergence in the last 67 years before the
index date. The MS cohort had higher rates of health
care use for nearly all specialist types and nearly all
ICD-9 chapters examined; differences were most

marked for neurologists, neurosurgeons, psychia-
trists, physiatrists, diseases of the circulatory system,
congenital anomalies, symptom signs and ill-defined
conditions, and neoplasms.

Differences in health care use in the earliest years of
life suggest that perinatal maternal-fetal-neonatal
interactions may be associated with the risk of pediat-
ric-onset MS, as observed in other chronic dis-
eases.” ! Several studies have suggested that
exposures occurring perinatally may affect MS risk.
In a meta-analysis, higher gestational vitamin D lev-
els were associated with lower MS risk in adulthood.!?
In a case—control study, maternal prenatal illness was
associated with increased odds of pediatric-onset MS,
whereas delivery by Cesarean section was associated
with reduced odds.!* A more recent systematic review
identified 33 studies that did not identify any consist-
ent prenatal or perinatal risk factors; vitamin D was
not evaluated.'* Nonetheless, our findings suggest
exploration of early life as a critical exposure window
is warranted.

Health care use diverged further between the MS and
non-MS cohorts as the MS index date approached. In
adults, differences in health care use 5—-10years before

journals.sagepub.com/home/msj

1083


https://journals.sagepub.com/home/msj

Multiple Sclerosis Journal 31(9)

Table 2. Adjusted rate ratios (95% confidence intervals): association of subcohort (multiple sclerosis vs. non-multiple
sclerosis) with health care use by: (A) year relative to birth and (B) index date (selected years)*.

< 2.12 2.08
(1.56-2.89) (1.59-2.72)
1 1.74 2.08
(1.18-2.56) (1.17-3.71)
2 143 1.27
(1.16-1.77) (0.72-2.24)
3 1.58 2.08
(1.29-1.93) (1.17-3.71)
4 1.72 3.77
(1.41-2.09) (2.05-6.94)
5 1.32 1.71
(1.11-1.57) (0.91-3.22)
6 1.32 1.45
(1.13-1.54) (0.77-2.75)
7 1.39 3.98
(1.18-1.63) (1.85-8.53)
8 1.53 2.60
(1.28-1.84) (1.18-5.72)
9 1.38 3.04
(1.13-1.54) (1.42-6.50)
10 112 1.44
(0.87-1.44) (0.44-4.76)
11 1.39 3.32
(1.08-1.78) (1.26-8.74)
12 1.37 3.11
(1.02-1.85) (1.03-9.35)
13 131 1.64
(0.99-1.75) (0.67-3.99)
14 1.41 2.86
(0.99-2.01) (0.72-11.40)
15 1.28 0.99
(0.94-1.74) (0.36-2.75)
16 1.42 3.83
(1.02-1.99) (1.54-9.52)
17 1.74 18.23
(1.18-2.56) (4.35-76.44)

15 0.99 1.40
(0.75-1.30) (0.93-2.12)

10 1.29 2.12
(1.13-1.49) (1.59-2.82)

5 1.69 321
(1.50-1.91) (2.38-4.32)

4 1.79 3.48
(1.55-2.06) (2.53-4.79)

3 1.89 378
(1.60-2.22) (2.68-5.33)

2 1.99 4.11
(1.65-2.41) (2.83-5.96)

1 2.10 4.46
(1.69-2.61) (2.98-6.67)

the first identified health contact for demyelinating dis-
ease or the neurologist-recorded MS symptom onset,'
or the first code for MS in primary care datasets,? have
been interpreted as reflecting a possible prodromal
phase of disease. Biological evidence of a prodrome
has included elevated serum neurofilament light levels

among individuals who developed MS 6-10 years
before onset of typical clinical manifestations.’*!3
Comparable work in the pediatric MS population is
limited. In our prior study using Ontario administrative
data, youth with MS had higher health care use than
youth without MS in the year before the index date.!
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Table 3. All years before the first demyelinating claim:
unadjusted rate ratios for physician encounters by
specialty, comparing cohorts with and without multiple
sclerosis.

Specialty RR (95% CI)

Dermatologist

Primary care provider/
general practice

1.19 (0.899-1.569)
1.21 (1.111-1.313)

Orthopedic surgeon
Emergency-related services
Ophthalmologist and
otolaryngologist

General pediatrics 1.74 (1.360-2.225)
Urologist 1.93 (1.121-3.342)
Obstetrics and gynecologist 2.17 (1.024-4.585)
2.26 (1.285-3.970)
3.77 (2.144-6.644)

1.30 (0.973-1.732)
1.41 (1.066-1.862)
1.67 (1.335-2.100)

General surgeon
Internal medicine

physicians

Physiatrist 4.19 (1.513-11.590)
Psychiatrist 5.56 (1.895-16.309)
Neurologist 14.32 (8.744-23.453)
Neurosurgeon 14.63 (3.420-62.571)

CI=confidence interval; RR =rate ratio.

The present work substantially extended the observa-
tion period pre-index. A recent study involving 21
youth with MS evaluated at a US tertiary care center
reported higher health care use in the year before their
incident demyelinating event'” for neurological and
non-neurological (infections, musculoskeletal, derma-
tologic issues, and injuries) reasons. One-third of the
cohort had neurological symptoms over 2 years before
the incident event. A German study also used adminis-
trative data, but focused on physician billing data, and
the 5years before a first MS diagnosis code. As com-
pared to youth without MS or with another inflamma-
tory disease, juvenile inflammatory arthritis, obesity,
vision disorders, and skin sensation disturbances were
more common.’ Identification of vision disorders and
skin sensation disturbances in that study raised the
question as to whether these findings reflect missed
opportunities for diagnosis, an issue also raised in stud-
ies of adult MS populations.'® However, the findings in
the present study likely cannot be fully explained by
this. First, we observed differences in health care use
beginning in the first year of life. Second, although
some diagnoses recorded such as Bell’s palsy or
trigeminal neuralgia could reflect missed opportunities
for diagnosis, the number of such diagnoses was too
low to substantially change the findings and those diag-
noses were not unique to the MS cohort. Third, the age
of MS onset in our cohorts was similar to findings in
clinical cohorts.!%-20

The MS cohort had elevated rates of visits to psy-
chiatrists up to 12 years, and consistently from 6
years, before the index date. This raises the question
as to whether psychiatric illness is a risk factor or a
prodromal factor for MS. A Mendelian randomiza-
tion study found that depression was not a risk factor
for MS. However, the incidence of psychiatric ill-
ness is elevated 5—10 years before typical onset of
MS in adult cohorts?!?2 and in cohorts with inflam-
matory bowel disecase and rheumatoid arthritis.
Since higher genetic burden confers an increased
incidence of depression and anxiety in MS,23:24 psy-
chiatric illness likely cannot be attributed simply to
coping with early signs or symptoms of an undiag-
nosed disease.

Study strengths include the pediatric population,
which is less likely to experience irrelevant health
care events and has a low burden of comorbidity, the
population-based design, application of a valid case
definition to identify pediatric MS, purposeful analy-
sis of data from birth for a subcohort to understand
trajectories relative to birth, and the robust nature of
the matched design coupled with regression analysis.
However, limitations should also be considered.
Administrative data may not accurately identify dis-
ease onset and diagnosis. However, our sensitivity
analyses, imposing a conservative diagnostic delay
and excluding individuals <12 years to account for
potential misclassification of some cases of MOGAD,
produced similar findings considering the reduced
sample size. We cannot exclude residual confound-
ing, and it is difficult to fully disentangle the effects of
chronological age and time relative to the MS index
date. Finally, the findings may not generalize to other
regions with differing payment systems or differing
access to care.

Youth with pediatric-onset MS exhibit higher rates
of health care use than youth without MS from
birth. The perinatal and early childhood periods
may be risk periods for MS. A prodromal phase
may emerge several years before the onset of typi-
cal symptoms of MS, that is, in early childhood/
pre-puberty. Further investigation of these periods
may elucidate the etiology and early pathobiology
of MS.
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