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Abstract

We aimed to compare health care utilization of children with pediatric-onset multiple sclero-
sis to that of age, sex and geographically-matched children without multiple sclerosis. Using
population-based administrative data from Ontario, Canada for the period 2003-2014, we
applied a validated case definition to identify persons aged <18 years with multiple sclero-
sis. We identified up to 5 children without multiple sclerosis matched on sex, age, and region
of residence. In each cohort, we determined annual rates of any hospitalization and physi-
cian services use. Using general linear models we compared utilization rates adjusting for
age, sex, region, socioeconomic status and year. Subsequently, we limited the analysis to
incident cases of multiple sclerosis and their matches, and compared rates of utilization in
the year of multiple sclerosis diagnosis, and the three years thereafter. We identified 659
youth with multiple sclerosis (428 incident cases), and 3,294 matched controls. Two-thirds
of both cohorts were female. After adjustment for sociodemographic factors and year, the
multiple sclerosis cohort was more likely to be hospitalized than the matched cohort (odds
ratio 15.2; 95%Cl: 12.0, 19.1), and had higher rates of ambulatory physician visits (rate ratio
4.58; 95%CIl: 4.26, 4.92). The odds of hospitalization (odds ratio 40.1; 95%CI: 27.1, 59.5)
and physician visits (rate ratio 5.14; 95%CI: 4.63, 5.71) were markedly elevated in the year
of MS diagnosis, declining thereafter but remaining elevated versus the matched cohort.
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measures are deployed to protect the personal
health information entrusted to ICES and, under the
Personal Health Information Protection Act, the
underlying data are legally not allowed for public
repository. ICES will only release aggregate
analysis results. All statistical analyses will be
conducted at ICES facilities. Only the aggregate
level findings of our analysis will be reported
publicly. The dataset from this study is held
securely in coded form at ICES. While data sharing
agreements prohibit ICES from making the data set
publicly available, access may be granted to those
who meet pre-specified criteria for confidential
access. Information regarding the datasets
available at ICES and how to access these datasets
is available at www.ices.on.ca/DAS. The
procedures to access data ICES are uniform, thus
other researchers can access these data in the
same manner as the authors. We did not have any
special access privileges to these data.
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Children with multiple sclerosis have substantially elevated rates of health care utilization as
compared to matched children without multiple sclerosis, over calendar time and throughout
the early disease course.

Introduction

Multiple sclerosis (MS) is a disease of the central nervous system which most commonly pres-
ents in adulthood. Affected adults have higher rates of health care utilization as compared to
age and sex-matched adults without MS,[1, 2] but utilization in this population has changed
over time, most notably due to a decrease in hospitalization rates.[1, 3] In about 5% of individ-
uals with MS, the initial presentation is in childhood or adolescence. However, relatively little
is known about health care utilization in the pediatric MS population. Prior studies have
involved small cohorts, or have not been population-based.[4, 5]

Several factors suggest that health care use may differ in the pediatric and adult MS popula-
tions. According to the Anderson Behavioral Model, health care utilization is driven by predis-
posing factors (e.g. age), enabling or impeding factors which influence access to services (e.g.
transportation), and the need for services (symptoms and illness).[6] Thus health care utiliza-
tion may differ in the pediatric and adult populations due to predisposing factors and differ-
ences in the need for services. For example, annualized relapse rates are higher in the pediatric
MS population than in the adult MS population.[7] Recovery from physical impairments
induced by relapses may be greater in the pediatric population, but cognitive and behavioral
impairments develop early.[8, 9] Further, childrens’ health care is also influenced by parental
factors, particularly the pattern of maternal health care use and presence of maternal depres-
sion.[10, 11] Therefore it is important to specifically evaluate health care use in children with
MS. Information about health care utilization is necessary to understand the burden of pediat-
ric MS on the health system, predict future needs, and to evaluate the cost-benefit of treatment
strategies. Therefore, we aimed to compare health care utilization of children with pediatric-
onset MS with that of children without MS using population-based administrative (health
claims) data.

Materials and methods
Setting

We conducted this population-based, retrospective cohort study in Ontario, Canada where
approximately 2.9 million persons aged <18 years reside. Health care is provided to all resi-
dents through a publicly funded program, and records of services used are captured in elec-
tronic databases. Access to specialty care is obtained by referrals from primary care or
emergency care providers.

Data sources

We accessed databases held at ICES regarding health services use for the period April 1,
2003-March 31, 2014. These population-based databases (data used) included the registered
persons database (unique identifier, date of birth, sex, region of residence based on postal
code, and dates of health insurance coverage), the hospital discharge abstract database (dates
of admission and separation, discharge diagnoses recorded using 5-digit International Classifi-
cation of Disease (ICD)-9 or ICD-10-CA codes, depending on the year), and the Ontario
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Health Insurance Plan database (physician services including date and type of service, and one
physician-assigned diagnosis recorded using 3-digit ICD-9 code). We did not access prescrip-
tion claims data as these are not population-based for persons <65 years old. These anon-
ymized datasets were linked using unique encoded identifiers and analyzed at ICES.

We obtained ethics approval from the Research Ethics Boards at Sunnybrook Health Sci-
ences Centre (Toronto, Canada), the Hospital for Sick Children (Toronto, Canada), Children’s
Hospital of Eastern Ontario (Ottawa, Canada), McMaster Children’s Hospital (Hamilton,
Canada), and the Children’s Hospital of London Health Sciences Centre (London, Canada).
Administrative data access (via ICES) was authorized under section 45 of Ontario’s Personal
Health Information Protection Act, which does not require individual consent.

Administrative case definition of MS

We applied a validated administrative case definition for pediatric MS (sensitivity 89.2%, spec-
ificity 100%),[12] which required >3 hospital or physician claims for MS as identified using
International Classification of Disease (ICD)-9 or ICD-10-CA diagnostic codes (340/G35)
using all available years of data. For each individual meeting the case definition, we looked
backward from the first MS claim to identify the earliest ICD-9/10-CA claim for demyelinating
disease (323, 340, 341, 377.3, H46, G35, G36, G37), and classified this as the index date. Next,
for each case, we identified up to 5 controls matched on sex, exact year of birth, and region of
residence (based on the first three digits of the postal code). Each control was assigned the
index date of its matched case. Controls did not have any hospital or physician claims for
demyelinating disease.

Health care utilization

The health care utilization outcomes of interest were the annual rates of all-cause hospitaliza-
tions and physician visits. For hospitalizations we focused on overnight hospitalizations. To
avoid double-counting hospitalizations related to transfers between facilities for continued
care, overnight hospitalizations beginning within +1 day of another hospital discharge with
the same primary or secondary diagnosis codes were considered part of the same hospitaliza-
tion. For physician visits we examined outpatient (face-to-face ambulatory) physician services
use overall, and stratified by specialty (general practice/pediatrics, neurology, ophthalmology,
physiatry, psychiatry). The specialties chosen were those thought to be most often involved in
the care of children with MS. Services provided by non-physician providers are not captured.

Covariates

Covariates included age (continuous), sex (male as reference group), study year (2003-2006
[reference group], 2007-2010, 2011-2014), socioeconomic status (SES) in quintiles (lowest
quintile of SES as reference group), and region (urban or rural [reference group]). We derived
SES by linking the postal code of residence to Canadian census data in 2006. Urban regions
included communities with populations >100,000 based on the 2006 census metropolitan
areas or census agglomeration.

Analysis
We summarized categorical variables using frequency (percent) and continuous variables
using mean (standard deviation [SD]) or median (interquartile range [IQR]). We examined

health care utilization in two ways. First, we focused on patterns of utilization over the time
period from 2003-2014. In each calendar year, prevalent cases of MS were included as long as
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it was after their index date, and they were <18 years old. For each utilization outcome of
interest we report the crude, age- and sex-standardized rates for each cohort, stratified by year
and 95% confidence intervals (95%CI) based on a gamma distribution; rates were standardized
to the 2006 Canadian census population. Confidence intervals for rate ratios (RR) were calcu-
lated by bootstrapping.

We compared the occurrence of any hospitalizations between the MS and matched cohorts
using both unadjusted and covariate-adjusted (see above) regression models. We used bino-
mial regression and included the log of person-year years as the model offset to account for
differential follow-up time. To account for repeated hospitalizations by individuals we used
generalized estimating equations using an exchangeable correlation matrix. We also compared
the number of ambulatory physician visits between the MS and matched cohorts using the
same general approach, except that we used negative binomial regression to account for over-
dispersion. Here, we report odds ratios (OR) and RR and 95%CI for the associations observed.

Second, we examined health care utilization relative to time from the index date. For these
analyses, we limited the study population to incident MS cases,[2] by requiring a >5 year
period with no demyelinating disease claims before the index date.[12] To allow a three year
follow-up period after the index date we limited the latest index year to 2011. Consistent with
prior work in the adult MS population, we designated the 6-month periods on either side of
the index date as the “year of diagnosis” (aka Year 0), and the subsequent 12-month periods as
years 1 through 3.[2] We repeated analyses of health care utilization rates described above
according to time from the index date (Year 0-3) instead of calendar time. We repeated our
regression analyses as described above with the following changes: (i) we added time from the
index date (0, 1, 2, 3); (ii) we added an interaction term between cohort*year. Index year was
categorized as 2003-2006, and 2007-2011. All other covariates remained the same as for the
primary analysis.

Statistical analyses used SAS V9.4 (SAS Institute Inc., Cary, NC).

Data sharing statement

ICES is a named prescribed entity, under section 45(1) of the Personal Health Information Pro-
tection Act (PHIPA), 2004 and enables health information custodians (HICs) to disclose per-
sonal health information (PHI) to ICES for the purposes of analysis, compiling statistical and
evaluative information related to the management, evaluation, monitoring of the health care
system, allocation of resources and helping in the planning of the system-without individual
consent. A variety of measures are deployed to protect the personal health information
entrusted to ICES and, under the Personal Health Information Protection Act, the underlying
data are legally not allowed for public repository. ICES will only release aggregate analysis
results. All statistical analyses will be conducted at ICES facilities. Only the aggregate level find-
ings of our analysis will be reported publicly. The dataset from this study is held securely in
coded form at ICES. While data sharing agreements prohibit ICES from making the dataset
publicly available, access may be granted to coded data to those who meet pre-specified criteria
for confidential access, available at www.ices.on.ca/DAS.

Results

We identified 659 children and adolescents living with MS during the study period. Of these,
all but one had five matches for a total of 3,294 controls; thus the total sample for this study
included 3,953 youth. The cohorts were well-matched (Table 1). Two-thirds of the cohorts
were female. Most participants lived in urban areas. Health care utilization in the year before
the index date (first demyelinating disease claim) was higher in the MS cohort.
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Table 1. Characteristics of the study populations.

Characteristic Prevalent Incident
Period = 2003-2014 Period = 2003-2011
Multiple Sclerosis | Matched | P-value | Multiple Sclerosis | Matched | P-value
Controls Controls
N 659 3294 428 2139
Female, n (%) 410 (62.2) 2050 (62.2) 0.99 272 (63.6) 1,360 (63.6) 0.99
Age at index date, mean (SD) 14.1 (4.5) 14.1 (4.5) 0.95 14.9 (3.0) 14.9 (4.0) 0.93
Duration of follow-up, mean (SD) 3.8(3.8) 3.8(3.8) 0.87 3.1(3.0) 3.1(3.0) 0.93
Urban region of residence, n (%) 596 (90.4) 2963 (90.0) 0.70 383 (89.5) 1902 (88.9) 0.73
Socioeconomic status, n (%) 0.16 0.082
Quintile 1 (lowest) 144 (21.9) 617 (18.7) 91 (21.3) 398 (18.6)
Quintile 2 112 (17.0) 616 (18.7) 74 (17.3) 407 (19.0)
Quintile 3 127 (19.3) 658 (20.0) 84 (19.6) 443 (20.7)
Quintile 4 124 (18.8) 707 (21.5) 74 (17.3) 459 (21.5)
Quintile 5 (highest) 152 (23.1) 696 (21.1) 105 (24.5) 432 (20.2)
Health care utilization, n (%)
Hospitalized in the year before the index date, n (%) 109 (16.5) 66 (2.0) <0.001 63 (14.7) 40 (1.9) <0.001
Number of physician visits in the year before the index date, median (IQR) | 9 (5-16) 3(1-6) <0.001 9 (5-15) 3 (1-6) <0.001

https://doi.org/10.1371/journal.pone.0218215.t001

Health care utilization among prevalent cases after the index date

1.7-4.4]).

All-cause hospitalizations. The annual rate of hospitalizations was consistently higher in
the MS cohort than in the matched cohort throughout the study period (Fig 1). In 2014, the
MS cohort had a crude annual rate of hospitalizations of 34.1 per 100 person-years (95%CI:
25.5-44.8). After age and sex-standardization, the annual rate of hospitalizations was 30.3 per
100 person-years (95%CI: 21.6-41.4), 10-fold higher than in the matched cohort (crude rate
3.1 per 100 person-years [95%CI: 2.0-4.6]; standardized rate per 100 person-years 2.9 [95%CI:

Age and sex-standareized rate of hospitalizations per

100 person-years

45

40
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2009 2010 2011 2012 2013 2014

Year
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Fig 1. Age and sex-standardized rate of hospitalizations/100 person-years in the pediatric multiple sclerosis and
matched cohorts.

https://doi.org/10.1371/journal.pone.0218215.g001
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Table 2. Adjusted associations between multiple sclerosis and any hospitalizations, and rate of ambulatory physician visits.

Any hospitalization Ambulatory physician visits
Variable Adjusted Adjusted
0Odds Ratio® Rate Ratio®
(95% CI) (95% CI)
Population
Matched controls 1.0 1.0
MS 15.2 4.58
(12.0, 19.1) (4.26,4.92)
Age 1.03 1.023
(1.01, 1.06) (1.018, 1.028)
Sex
Female 1.0 1.0
Male 0.69 0.75
(0.55, 0.87) (0.71, 0.79)
Socioeconomic Status
Quintile 1 (lowest) 1.0 1.0
Quintile 2 0.85 0.90
(0.59, 1.22) (0.82, 0.99)
Quintile 3 0.75 0.89
(0.53, 1.06) (0.81, 0.97)
Quintile 4 0.74 0.99
(0.51, 1.06) (0.91, 1.09)
Quintile 5 (highest) 0.51 0.99
(0.35, 0.73) (0.91, 1.09)
Region
Urban 1.0 1.0
Rural 0.77 1.06
(0.53,1.13) (0.99, 1.14)
Year
2004-2006 1.0 1.0
2007-2010 0.92 1.06
(0.71,1.21) (0.99, 1.14)
2011-2014 1.14 1.00
(0.87, 1.48) (0.94, 1.08)

a Binomial regression model with generalized estimating equations.

b- Negative binomial regression with generalized estimating equations. Bold indicates statistical significance

https://doi.org/10.1371/journal.pone.0218215.t1002

After adjusting for age, sex, SES and region, the MS cohort was substantially more likely to
be hospitalized than the matched cohort (OR 15.2; 95%CI: 12.0-19.1, Table 2). Older age was
associated with an increased likelihood of hospitalization. Males and children of highest SES
(versus lowest SES) had a reduced likelihood of hospitalization.

Physician visits. Over the study period, the crude annual number of ambulatory physi-
cian visits in the MS cohort ranged from 828.2 (95%CI: 783.9-874.2) to 1703.3 (95%ClL:
1643.9-1764.4) per 100 person-years. After age and sex-standardization, the rate of physician
visits was consistently >3-fold higher in the MS cohort than in the matched cohort (Fig 2).
The standardized rates of ambulatory visits were higher in the MS cohort than in the matched
cohort for all specialties examined (Table 3). In 2014, as compared to rates in the non-MS
cohort, the annual rates of physician visits in the MS cohort were 2-fold higher for primary
care (RR 2.27; 95%CI: 2.25-2.29), nearly 3-fold higher for psychiatry (RR 2.97; 95%CI: 2.74-
3.11), 18-fold higher for ophthalmology (RR 18.5; 95%CI: 18.0-18.7), and 100-fold higher for
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Fig 2. Age and sex-standardized rate of ambulatory physician visits/100 person-years in the pediatric multiple
sclerosis and matched cohorts.

https://doi.org/10.1371/journal.pone.0218215.g002

neurology (RR 109.4; 95%CI: 107.2-111.2). Rates and RR for physical medicine are not shown
in Table 3 because these were zero or nearly zero in the control cohort in several years. In
2014, the rate of visits to physical medicine was 1.95 per 100 person-years (95%CI: 0.63-4.55)
in the MS cohort and 0 in the matched cohort.

After adjusting for age, sex, SES and region, the MS cohort had a 4.5-fold higher rate of
ambulatory physician visits than the matched cohort (RR 4.58; 95%Cl: 4.26-4.92) (Table 2).
Older age was associated with an increased rate of physician visits. Males, and children of
higher SES (versus lowest SES) had a lower rate of visits.

Health care utilization according to time from diagnosis among incident
cases

Characteristics of the incident MS cases (n = 428) and their matched controls (n = 2,139) were
similar to those of the prevalent cases (Table 1). In the “year of diagnosis”, after age and sex-
standardization, the rate of hospitalization per person-year was >30-fold higher in the MS
cohort than in the matched cohort (RR 32.3; 95%CI: 32.0-32.8). In the MS cohort, the rate of
hospitalizations was substantially lower in the first, second and third years after diagnosis but
remained elevated versus the matched cohort (Fig 3A). The overall pattern of findings was
similar for ambulatory physician visits overall (Fig 3B) as for neurology and ophthalmology
visits (Table 4). For primary care the relative rate of visits was stable by time since diagnosis.
For psychiatry the rate of visits declined from the “year of diagnosis” to year 2, then increased
again in year 3.

On multivariable regression analysis, the odds of any hospitalization in the MS cohort were
markedly elevated as compared to the matched cohort in the “year of diagnosis” (OR 40.1;
95%CI: 27.1-59.5). The odds of hospitalization remained elevated thereafter although to a
lesser degree (year 1: OR 6.75; 95%CI: 4.30-10.6; year 2: OR 5.96; 95%CI: 3.37-10.5; year 3:
OR 7.25; 95%CI: 3.65-14.4). Region of residence was not associated with the odds of hospitali-
zation (OR 0.98; 95%CI: 0.66-1.47) but older age was (OR 0.92; 95%CI: 0.90-0.95). Male sex
was associated with reduced odds of hospitalization (OR 0.78; 95%CI: 0.60-1.01). The highest
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Table 3. Age and sex-standardized rates of office visits per 100 person-years by physician specialty.

Primary Care Neurology Psychiatry Ophthalmology
Year MS Matched RR MS Matched RR MS Matched RR MS Matched RR
(95%CI) Controls (95%CI) | (95%CI) Controls (95%CI) | (95%CI) Controls (95%CI) | (95%CI) Controls (95%CI)
(95%CI) (95%CI) (95%CI) (95%CI)

2003 546.2 253.8 2.15 215.6 0.25 852.2 22.4 5.56 4.02 47.9 5.19 9.24
(505.0, (240.7, 267.9) (2.12, (189.1, (0.027, 0.96) (813.4, (15.1, (3.78,7.89) (3.59, (36.0, (3.37,7.64) (8.84,

589.9) 2.17) 244.8) 865.2) 32.0) 4.11) 62.6) 9.54)

2004 519.3 235.9 2.20 209.3 0.83 252.2 28.1 5.12 5.49 36.0 5.04 7.16
(479.5, | (223.2,249.1) | (2.16, (183.2, (0.33,1.72) (245.9, (20.1, (3.36, 7.48) (5.01, (26.0, (3.25,7.47) (6.63,

561.5) 2.22) 238.1) 255.4) 38.2) 5.59) 48.8) 7.35)

2005 528.9 236.9 2.23 198.0 1.36 145.3 36.0 3.98 9.04 33.7 3.54 9.54
(491.1, | (225.3,249.0) | (2.19, (1747, (0.63, 2.57) (142.5, (26.5, (2.62, 5.80) (7.96, (247, (2.25, 5.30) (8.92,

568.8) 2.26) 223.5) 146.9) 47.7) 9.19) 45.0) 9.68)

2006 440.4 237.9 1.85 185.9 0.73 253.3 17.3 4.87 3.56 36.4 3.50 104
(406.6, (226.5, 249.6) (1.82, (164.1, (0.26, 1.63) (242.6, (11.7, (3.45, 6.67) (3.19, (27.3, (2.27,5.17) (9.89,

476.3 1.87) 209.9) 255.9) 24.8) 3.61) 47.6) 10.5)

2007 428.2 215.9 1.98 198.7 1.78 111.4 16.8 3.27 5.14 38.4 3.00 12.8
(396.8, | (205.2,227.0) | (1.96, (177.2, (0.95, 3.05) (110.1, (113, (2.14, 4.78) (4.91, (29.3, (1.87, 4.55) (12.4,

462.4) 2.00) 222.0) 112.1) 24.0) 5.25) 49.4) 12.9)

2008 438.1 227.6 1.92 206.7 2.15 96.0 24.2 6.54 3.71 63.1 2.56 24.6
(4055, | (217.0,238.7) | (1.90, (184.9, (1.23, 3.50) (944, (17.3, (4.97, 8.44) (3.54, (51.4, (1.58, 3.92) (23.9,

472.8) 1.94) 230.5) 97.3) 33.1) 3.76) 76.7) 24.9)

2009 762.8 231.1 3.30 140.9 1.11 127.2 17.7 8.89 1.99 54.3 2.46 22.1
(720.9, (220.7, 241.9) (3.24, (123.6, (0.52,20.7) (124.2, (11.9, (7.18,10.9) (1.94, (43.6, (1.55,3.72) (21.5,

804.5) 3.35) 159.9) 128.1) 25.3) 2.04) 67.0) 22.4)

2010 1037.9 221.0 4.69 1.15 1.99 58.1 15.3 8.48 1.81 43.3 2.56 16.9
(993.9, (210.0, 231.4) (4.63, (1.00, (1.17, 3.15) (57.3, (9.61, (6.80,10.4) (1.72, (33.6, (1.58, 3.92) (16.4,

1081.2) 4.77) 1.33) 58.6) 23.1) 1.85) 55.0) 17.1)

2011 747.8 221.9 3.37 178.2 0.79 225.6 24.4 9.57 2.56 53.2 1.97 27.0
(707.6, | (211.7,232.4) | (3.30, (158.3, (0.35, 1.54) (224.5, (17.6, (7.75,11.7) (2.42, (42.2, (1.19, 3.07) (26.1,

789.7) 3.41) 199.9) 227.6) 33.1) 2.60) 66.4) 27.4)

2012 584.2 212.9 2.74 118.1 1.16 101.9 19.5 3.79 5.17 63.0 2.35 26.8
(544.5, | (202.4,2239) | (2.71, (101.0, (0.48, 2.34) (99.1, (12.9, (26.1, 5.31) (4.99, (51.0, (1.45, 3.61) (26.1,

625.6) 2.78) 137.1) 103.0) 28.4) 5.33) 77.0) 27.4)

2013 515.5 215.6 2.39 110.7 1.67 66.3 15.5 11.6 1.34 49.6 2.59 19.1
(478.3, | (204.8,226.8) | (2.37, (93.2, (0.92, 2.78) (64.8, (9.92, (9.33,14.3) (1.23, (38.3, (1.58, 4.02) (18.2,

554.8) 2.42) 130.5) 66.9) 23.2) 1.36) 63.1) 19.4)

2014 526.4 231.8 2.27 121.7 1.11 109.4 24.0 8.08 2.97 49.4 2.67 18.5
(487.5, (220.6, 243.5) (2.25, (103.2, (0.48,2.19) (107.2, (154, (60.5, 10.6) (2.74, (38.6, (1.59,4.22) (18.0,

568.5) 2.29) 142.6) 111.2) 35.5) 3.11) 62.2) 18.7)

RR = Rate Ratio; 95%CI: 95% confidence interval; bold = statistical significance

https://doi.org/10.1371/journal.pone.0218215.t003

(versus lowest) level of SES was associated with reduced odds of hospitalization (OR 0.60; 95%
CIL: 0.41-0.89).

On multivariable regression analysis, physician visit rates in the MS cohort were elevated in
the “year of diagnosis” (RR 5.42; 95%CI: 4.82-6.09) as compared to the matched cohort. The
rates of physician visits in the MS cohort remained elevated in subsequent years although less
(year 1: RR 4.08; 95%CI: 3.51-4.74; year 2: RR 3.01; 95%CI: 2.52-3.60; year 3: RR 2.86; 95%CI:
2.50-3.27). Older age was associated with an increased rate of physician visits (RR 1.02; 95%
CI: 1.00-1.04). SES were not associated with the rates of physician visits (highest versus lowest
quintile RR 0.96; 95%CI: 0.81-1.13). Male sex (RR 0.82; 95%CI: 0.71-0.95) and rural versus
urban residence (RR 0.75; 95%CI: 0.63-0.90) were associated with reduced rates of use.
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Fig 3. Rates of hospitalization (A) and ambulatory physician visits (B) according to time from diagnosis in the
multiple sclerosis (MS) and matched cohorts.

https://doi.org/10.1371/journal.pone.0218215.9003

Table 4. Age and sex-standardized rates of office visits by physician specialty according to time from diagnosis in the multiple sclerosis (MS) and matched cohorts.

Primary Care Neurology Psychiatry Ophthalmology
Year MS Matched RR MS Matched RR MS Matched RR MS Matched RR
(95%CI) Controls (95%CI) | (95%CI) Controls (95%CI) | (95%CI) Controls (95%CI) | (95%CI) | Controls | (95%CI)
(95%CI) (95%CI) (95%CI) (95%CI)

YO 883.4 308.3 2.87 236.1 0.74 320.3 20.7 5.07 4.08 102.4 3.79 27.1
(834.0, (292.6, 324.5) (2.84, (212.2, (0.32, 1.46) (317.8, (14.1, (3.78, 6.67) (4.01, (844.6, (2.32, (26.8,
934.9) 2.89) 261.9) 323.7) 29.3) 4.20) 122.8) 5.83) 27.4)

Y1 710.4 276.1 2.57 182.4 0.70 261.0 21.8 7.26 2.99 52.7 3.03 17.4
(669.4, (262.0,290.7) (2.54, (150.2, (0.28, 1.44) (258.1, (15.2, (5.84, 8.92) (2.89, (40.6, (1.80, (17.0,
753.2) 2.59) 206.9) 263.0) 30.2) 3.07) 67.4) 4.78) 17.7)

Y2 571.5 239.5 2.39 124.7 1.97 63.2 17.1 6.76 2.53 43.6 2.27 19.2
(532.6, (227.2,252.3) (2.36, (106.7, (1.17,3.11) (61.9, (10.5, (5.51, 8.21) (2.40, (31.9, (1.19, (18.6,
612.4) 2.41) 144.9) 64.2) 26.4) 2.63) 58.1) 3.93) 19.5)

Y3 529.9 251.0 2.11 120.9 2.80 43.2 19.8 3.47 5.69 33.8 1.84 184
(478.2, | (234.4,268.4) | (2.08, (98.9, (1.04, 6.05) (42.0, (12.5, (2.53, 4.64) (5.42, (237, (1.09, (17.4,
585.7) 2.15) 146.4) 43.9) 29.7) 5.97) 46.9) 2.92) 18.9)

Y = Year; RR = Rate Ratio; 95%CI: 95% confidence interval; bold = statistical significance

https://doi.org/10.1371/journal.pone.0218215.t004

PLOS ONE | https://doi.org/10.1371/journal.pone.0218215 June 11, 2019 9/13


https://doi.org/10.1371/journal.pone.0218215.g003
https://doi.org/10.1371/journal.pone.0218215.t004
https://doi.org/10.1371/journal.pone.0218215

@ PLOS | O N E Health care use in pediatric multiple sclerosis

Discussion

In this population-based cohort study, health care utilization was higher in the pediatric MS
population than in a matched population without MS, after accounting for predisposing (age,
sex) and enabling factors (region and SES). Male youth had a lower likelihood of hospitaliza-
tion and lower rates of physician visits than female youth. Older age was associated with an
increased likelihood of hospitalization and higher rates of physician visits. In the three years
after diagnosis, rural residence was associated with lower health care utilization, suggesting
that access to care factors such as distance and transportation costs influence use. Such dispari-
ties could be differentially affected by severity of MS, but we lacked the clinical information to
evaluate this. The increased use of ambulatory physician services by the MS cohort extended to
primary care and specialty care. Consistent with the increased risk of mental health and behav-
ioral concerns in MS,[13] and frequent involvement of the eyes (optic neuritis), and potentially
physically disabling relapses, visits to psychiatry, ophthalmology and physiatry were more fre-
quent. This highlights the importance of multidisciplinary care in pediatric MS. However, our
findings do not indicate whether the needs of children with MS are being fully met.

Rates of health care utilization in the prevalent MS and matched cohorts were largely con-
sistent over calendar time, including hospitalizations, although we observed a transient drop
in hospitalizations in 2010 which was coupled with an increase in ambulatory physician visits.
Previously, we reported that the incidence of pediatric-onset MS increased in Ontario in 2009,
then dropped transiently before stabilizing, which was mirrored in the adult-onset MS popula-
tion.[14] The stability of hospital admission rates over time differs from the adult-onset MS
population in which hospitalization rates have decreased substantially over the last twenty
years,[1, 3] exceeding declines in the general population.[2] This may reflect more frequent
admissions for relapses and treatment in the pediatric population, which is now uncommon in
the adult MS population.[2]

Among incident MS cases, health care utilization was markedly elevated in the “year of
diagnosis”, that is, in the 6-month period before and after the index date, particularly for hos-
pitalizations, reflecting that most children with incident demyelinating events in Canada are
hospitalized.[15] The rate of health care utilization declined following diagnosis but remained
elevated thereafter, consistent with findings in the adult MS population in Manitoba.[2]

Notably, health care use was elevated in the 12-month period before the index date. In the
adult MS population, the rates of hospitalizations, physician visits, and prescription use
increase between one and five years before the first demyelinating disease claim.[16] This has
been interpreted as evidence of a prodromal period, consistent with findings that high school
performance was worse in individuals with MS than in controls on average 13 years before the
onset of MS symptoms.[17] Future studies should further evaluate the possibility of a prodro-
mal period in pediatric-onset MS, as this is important for determining the etiologically-rele-
vant time period for exposure to potential risk factors.

Little comparable work exists regarding health care utilization in the pediatric MS popula-
tion, and it comes from the American health care system, which includes a mixture of public
and private sources of care, unlike the public, universally funded Ontario system. In an Ameri-
can study that used the Pediatric Health Information System database the annual rate of hospi-
tal admissions among persons <19 years old rose 1.5-fold in a decade, from 34.7 per 1,000
population in 2003 to 53.2 in 2013. However, the prevalence of pediatric MS in the surround-
ing regions was unknown, making it uncertain whether this reflects an increase in the number
of children with MS needing care, or changes in care delivery.[5] A study of 57 children with
MS from Utah found that the mean number of hospitalizations was 1.2, and of outpatient visits
was 22.7 over a 10-year period.[4] Neither study reported comparative findings for children
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without MS. In the broader population, American children with a chronic health condition
requiring care and limiting daily function had four times more hospitalizations and twice as
many physician visits as children without such conditions in the year 2000.[18]

This study has some limitations. We lacked population-based data regarding outpatient
prescription medications, and could not determine whether, or how, medication use differed
between the MS and non-MS populations. We employed an area-based measure of SES rather
than an individual-level measure; however, area-based measures of SES are associated with
health status,[19] and produce similar findings as individual-level measures when the geo-
graphic regions used are small.[20] Pediatric specialists at some tertiary care centres participate
in alternative funding plans, and shadow billing may not have fully captured use of their ser-
vices. This would underestimate health services use, and tend to bias RR comparing utilization
in the MS and matched cohorts toward the null, suggesting that the effect of pediatric MS on
health services may be greater than we have reported. The data sources used also do not provide
information regarding the use of non-physician providers such as physiotherapists or psycholo-
gists. We did not investigate the use of diagnostic testing, including laboratory tests and imag-
ing. We lacked clinical measures of health, and future studies should examine what specific
clinical features lead to increased health care use in the pediatric MS population. The study was
limited to one Canadian province; the findings may differ in other jurisdictions as care varies
widely for children with complex health care needs.[21] Strengths of this study include the pop-
ulation-based design, use of a validated case definition to identify youth with MS, use of a
matched cohort from the general population for comparison, and a 10-year study period.

The burden of health care use in the pediatric MS population is high, and substantially
exceeds health care use in an age, sex and geographically-matched pediatric population with-
out MS. Health care use is particularly high during the year of diagnosis, and remains elevated
thereafter.
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