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Abstract
Objective: Several studies suggest an increasing prevalence of multiple sclerosis (MS) in
Canada. We aimed to validate a case definition for MS using administrative health insurance
data, and to describe the incidence and prevalence of MS in Manitoba, Canada.
Methods: We used provincial administrative claims data to identify persons with demyelinating
disease using ICD-9/10 codes and prescription claims. To validate the case definition,
questionnaires were mailed to 2000 randomly selected persons with an encounter for
demyelinating disease, requesting permission for medical records review. We used diagnoses
abstracted from medical records as the gold standard to evaluate candidate case definitions using
administrative data.
Results: From 1984-1997, cases of MS using claims data were defined as persons with ≥7
medical contacts for MS. From 1998 onward cases were defined as persons with ≥3 medical
contacts. As compared to medical records, this definition had a positive predictive value of
80.5% and negative predictive value of 75.5%. From 1998-2006, the average age- and sexadjusted annual incidence of MS per 100,000 population was 13.4 (95% CI: 12.7, 14.1). The
age-adjusted prevalence of MS per 100,000 population increased from 99.3 (95% CI: 93.6,
104.9) in 1984 to 262.4 (95% CI: 253.1, 271.7) in 2006, with the peak prevalence shifting to
older age groups.
Conclusion: The prevalence of MS in Manitoba is among the highest in the world. The rising
prevalence with minimally changing incidence suggests improving survival. This study supports
the use of administrative data to develop case definitions and further define the epidemiology of
MS.
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Introduction
Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system,
affecting more than 1 million persons worldwide.1 MS adversely affects employment, social
relationships, and quality of life.3,4 In 2006, a U.S. study estimated the total (direct and indirect)
mean annual cost per patient at $47,215.

Several studies suggest an increasing prevalence of MS in eastern and western regions of
Canada,5-7 a nation recognized to have a high prevalence of MS.8 The Canadian province of
Manitoba is centrally located, yet the incidence and prevalence of MS have not been estimated
there since 1960.9 The comprehensive Manitoba health insurance databases provide a unique
opportunity to conduct current population-based studies of MS.

We aimed to validate a definition for ascertaining cases of MS using administrative health
insurance data, and to apply this definition to describe the incidence and prevalence of MS in
Manitoba.

Methods
Manitoba is a central Canadian province with a stable population of nearly 1.2 million, 98% of
whom receive health care coverage through the provincial government department, Manitoba
Health and Healthy Living (MHHL).10 Since 1984, all residents have a unique personal health
identification number which is attached to all health services claims submitted to MHHL, who
maintains computerized records of these claims.
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Each physician claim includes the patient's identification number, date of service, and three digit
International Classification of Disease (ICD)-9-CM code for the physician-assigned diagnosis.
Each hospitalization record includes the patient’s identification number, dates of admission and
discharge, and up to 16 diagnostic codes listed on the discharge abstract using ICD-10-CA codes.
Prior to 2004, these diagnoses were recorded using five-digit ICD-9-CM codes. The Drug
Programs Information Network (DPIN) is a pharmaceutical database capturing all outpatient
prescription drug dispensations including the date, drug name, and drug identification number
(DIN) for all residents, regardless of final payor. MHHL also maintains a population registry,
which is updated when an individual moves into or out of Manitoba, changes marital or family
status, or dies.

To identify residents with possible MS, we searched all physician claims and hospital discharge
abstracts from April 1, 1984 through March 31, 2007 for diagnostic codes (ICD-9-CM/ICD-10CA) for demyelinating diseases of the CNS, including MS and important variants of MS. The
diagnostic codes included optic neuritis (377.3/H46), acute transverse myelitis (323.82/G37),
acute disseminated encephalomyelitis (323/G36.9), demyelinating disease of CNS unspecified
(341.9/G37.8), other acute disseminated demyelination (G36), multiple sclerosis (340/G35), and
neuromyelitis optica (341.0/G36.0). We also searched DPIN for MS-specific prescription drugs,
including interferon-beta-1b (Betaseron), interferon-beta-1a (Avonex), interferon-beta-1a
(Rebif), Glatiramer acetate (Copaxone), and Natalizumab (Tysabri).

Using these criteria for physician, hospital and prescription claims, MHHL identified 25736
individuals with possible MS. To generate a list of potential questionnaire respondents, this list
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was restricted to persons who were ≥18 years old as of January 1, 2007, alive and residing in
Manitoba at the time of study initiation, and who had ≥3 separate physician claims,
hospitalizations or prescription claims between 1984 and 2007; or ≥1 claim for persons resident
in 2004 or later; at least one of these claims had to be specifically for MS or neuromyelitis optica
(n = 5247). This effectively enriched the cohort for persons with MS, to ensure enough MS cases
to validate our definition. We mailed a questionnaire to 2000 persons randomly selected from
this list, sending a second mailing to persons who did not respond to the first mailing.

Questionnaire and medical records review
We developed a self-administered questionnaire which captured information regarding the
primary diagnosis, investigations for MS, years of initial MS symptom onset and diagnosis, and
comorbidities. We asked participants for consent to use their questionnaire data, to review their
medical records for diagnostic validation, and to link this information to their administrative
claims data.

Irrespective of self-reported diagnosis, we randomly selected 400 medical charts for a structured
chart review from a list of consenting respondents. One of us (RAM) abstracted charts assisted
by a trained research assistant, blinded to questionnaire responses and claims data. Following
this, one of us (RAM) classified participants as definite MS, possible MS, not MS, according to
the 2005 International Criteria or as neuromyelitis optica.11,12

Administrative case definition of MS
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We developed several administrative case definitions, varying the number of physician, hospital
and prescription claims required to classify a person as having MS. In 1998 a provincial program
was developed for the care of persons with MS; physicians who provide care under this program
do not submit fee-for-service, or “shadow billing” claims. Therefore, we developed one
definition for years 1984-1997, and one definition for years 1998-2006. We compared the
classification of study cases according to the administrative case definitions and to diagnoses
based on self-report and medical records review by computing sensitivity, specificity, and
positive and negative predictive value. For this purpose, possible MS cases were classified as
“not MS”. We did not capture enough cases of neuromyelitis optica to validate a case definition
for that condition.

Incidence and Prevalence
To estimate the incidence of MS, we examined longitudinal records of medical contacts for all
individuals who met the administrative case definition for MS. We considered the date of the
first medical contact for any of the diagnostic codes listed above to be the date of diagnosis.
Because our case definition differed before and after 1998, we calculated incidence rates for the
period 1998-2006 to ensure the use of a consistent case definition throughout. Using the year of
diagnosis of incident cases, we calculated the annual crude and age- and sex-adjusted incidence
rates using the mid-year population figures from the MHHL population registry for denominators
in the calculations. Using the direct method,13 the results were age-adjusted to the 2001 Canadian
population. We calculated 95% confidence intervals assuming a Poisson distribution. We
examined temporal trends in the age-adjusted incidence and prevalence using a linear regression
model.
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Standard Protocol Approvals, Registrations, and Patient Consents
Ethics approval was obtained from the University of Manitoba Health Research Ethics Board.
Approval for data access was obtained from the Manitoba Health Information Privacy
Committee. Written informed consent was obtained from all participants.

Results
After two mailings, 69 questionnaires were returned to MHHL because they were undeliverable
(65), the individual was deceased (3) or resident in a Personal Care Home (1). Several persons
responded to MHHL (5) or the investigators (22) refusing participation, for a response rate of
668/1931 (34.6%). The age and sex distribution of the sample is shown in Table 1. Due to
privacy regulations we had limited ability to compare responders and non-responders.
Responders were more likely to be women (77.7% vs. 72.0%, p<0.007), but the mean (SD) age
did not differ from that of non-responders (50.6 (12.3) vs. 49.4 (13.0) years, p=0.14)). Among
responders, 594 (88.9%) agreed to medical records review and to linkage of their medical
records to claims data.

We tested administrative case definitions of MS in our cohort of responders, all of whom had at
least one medical contact for MS (Table e-1). Based on these findings and to balance competing
needs for sensitivity and specificity of the definition, we classified individuals with a first
medical contact for MS before 1997 as having MS if they had ≥7 separate medical contacts,
including physician, hospital or prescription claims for MS. Using medical records as the gold
standard for a diagnosis of MS, this definition had a positive predictive value of 85.1% and
negative predictive value of 74.4%. Individuals who had an initial medical contact after 1997
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were classified as cases if they had ≥3 separate medical contacts for MS. This definition had a
positive predictive value of 77.0% and negative predictive value of 76.1%. The positive
predictive value of the combined definition was 80.5% while the negative predictive value was
75.5%. Increasing the required number of contacts increased the specificity of the case
definition, while decreasing the number of contacts increased the sensitivity. Using self-reported
diagnoses as the gold standard produced similar results, with seven medical contacts beginning
before 1997 having a sensitivity of 92.4%, specificity of 76.7%, positive predictive value of
91.6% and negative predictive value of 78.6%; and three medical contacts after 1997 having a
sensitivity of 90.2%, specificity of 55.9%, positive predictive value of 74.5% and negative
predictive value of 80.0%. Agreement between medical records and self-reported diagnoses of
MS was substantial (kappa = 0.86; 95% CI: 0.81-0.91).

Incidence
Between 1998 and 2006, applying the administrative case definitions defined above to the entire
administrative dataset, the average annual age-adjusted incidence rate per 100,000 population
was 13.4 (95% CI: 12.7, 14.1). Among women, incidence peaked at age 35 to 39 years, followed
by ages 40 to 44 years, then ages 30 to 34 years (Table 2). Among men, incidence peaked at age
45-49 years, followed by ages 40-44 years. Women had a higher incidence of MS than men (RR
2.96, 95%CI: 2.62-3.34). Between 1998 and 2006, the annual incidence rate was essentially
stable with a change in incidence of -0.67 per 100,000 population per year (95% CI: -1.28, -0.05)
(Figure 1).

Prevalence
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In 2006, the crude prevalence of MS was 260.9 per 100,000 population. The age-adjusted
prevalence was 262.4 (95% CI: 253.1, 271.7), and was higher in women than men (RR 2.80;
95% CI: 2.58, 3.03). Among women, the age-adjusted prevalence was 386.1 (95% CI: 370.4,
401.8). Among men, the age-adjusted prevalence was 136.6 (95% CI: 126.9, 146.3). Among
women, the peak prevalence was observed among persons aged 45 to 59 years, about 10 to 20
years later than the peak incidence. Among men, the peak prevalence was observed among
persons aged 55-69 years (Table e-2). With advancing age beyond these age groups, the
prevalence declined steadily.

Regardless of the case definition used, the prevalence of MS in Manitoba increased steadily from
1984 onward. Using the definition requiring ≥7 hospital, physician or prescription claims for MS
the prevalence of MS increased 4.97 (95% CI: 3.90, 6.03) per 100,000 population per year.
Using the definition which required ≥3 hospital, physician or prescription claims for MS, the
prevalence of MS increased 8.10 (95% CI: 6.97, 9.23) per 100,000 population per year from
1998 to 2006, exceeding the increase in annual incidence (Figure 2).

In later years the peak age-specific prevalence shifted to older age groups (Figure 3). Regardless
of the case definition used, in 1984 the peak prevalence was observed among persons aged 50 to
54 years. Twenty years later, the peak prevalence was observed among persons aged 55 to 59
years. Persons over age 60 years were increasingly represented in later years (Table e-2).

When we compared the year of diagnosis based on medical records to the year of diagnosis from
administrative data, they agreed within three years in 74.2% of cases. The year of diagnosis from
administrative data agreed with the patient-reported year of diagnosis within three years in

Marrie/ 11
2009/300913
76.3% of cases. Based on medical records, we examined the diagnostic delay between the year of
first MS symptom onset and the year of diagnosis. The diagnostic delay decreased with a later
year of symptom onset (r = - 0.47, p<0.0001). Based on medical records review, the mean (SD)
diagnostic delay for persons with onset of MS symptoms between 1969 and 1978 was 12.3
(12.3) years, while the mean delay between 1979 and 1988 was 8.5 (7.6) years, between 1989
and 1998 was 4.0 (4.2) years, and between 2000 and 2008 was 1.5 (1.8) years.

Discussion
Based on patient records and death certificates for 1939 to 1948, the prevalence of MS in
Winnipeg, Manitoba was 39.6 per 100,000.14 In 1960, a follow-up study in Winnipeg reported a
stable prevalence of 35.4 per 100,000.9 We found a steady increase in MS prevalence in
Manitoba from 1998 through 2006; the prevalence in 2006 is several-fold higher than previously
reported. Given the increasing use of costly therapies for MS,15,16 the potential increased burden
on health care services is substantial.

Several studies suggest an increasing prevalence of MS worldwide, including in Canada.5,17,18 In
Newfoundland, the prevalence increased from 55 per 100,000 in 1960-1984, to 94 in 19962003.5,6 In Saskatoon, Saskatchewan the prevalence was 111 per 100,000 in 1997, and 298 in
2005.17,19 In Alberta a study using administrative claims data defined persons with MS as a
person with two or more physician claims for MS or one or more hospital claims for MS; the
prevalence of disease increased from 263 in 1994 to 322 in 2000.7 In 2001 a study in Nova
Scotia using a similar case definition found a prevalence of 218 per 100,000. Applying a case
definition requiring ≥2 hospital or physician claims in Manitoba from 1984 onward, the
prevalence of MS would be 298 in 1994 and 358 in 2000. While we cannot exclude differences
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in health care utilization and billing practices as causes of the differences in these prevalence
estimates, this is consistent with regional variation in disease burden across Canada.8

Prevalence is a function of incidence and disease duration. Overall we observed a stable MS
incidence rate, consistent with reports in other Canadian regions.5,6,17,19 Thus the rising
prevalence of MS in Manitoba implies a longer disease duration, due to earlier age of symptom
onset, earlier diagnosis, or later age of death. Another possibility is that MS incidence increased
in the recent past then stabilized; so that a group of patients is stilling moving through the age
groups and prevalence has not stabilized yet. Our data suggest that both earlier diagnosis and
later age of death may be relevant. The diagnostic delay between the initial onset of MS
symptoms and diagnosis decreased with later year of symptom onset, as observed elsewhere.20
The shift in peak prevalence to older ages and the rise in the prevalence of MS among persons in
older age groups suggest that patients with MS are living longer. Studies in Denmark and
Australia similarly suggest that the age at which death occurs in MS is increasing.21,22 This has
important implications for patients and health care providers. As MS patients age they are at
increased risk for developing comorbidities,23 at a time when they are also likely to be
experiencing increased disability. This is likely to increase the amount and complexity of their
health care needs.24

In Canada and other countries with national payor systems, administrative health care databases
are population-based, accessible and cost-effective for research. Because these data are not
collected for research purposes, however; their validity for research must be assessed.25
Administrative claims data may under-represent chronic diseases as compared to medical
records,26,27 but claims data outperform review of the records of a single provider,28
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circumventing the problems of chart review when patients may have multiple providers. Once
their validity are established for a disease, administrative data may provide a less costly method
of disease surveillance than traditional studies which rely on multiple sources of ascertainment
and medical records review; this approach is being used nationally in Canada to track diabetes
and other diseases.29 Other uses for these databases include studies of etiology, health outcomes,
and health care utilization.

We validated a case definition for MS using administrative claims data. Among the subset of
persons with at least one health care claim for MS, this definition had a positive predictive value
of 80.5% and a negative predictive value of 75.5%. If we assume that persons who never have a
health care claim for any diagnostic code suggesting demyelinating disease have not been
diagnosed with MS, then the specificity of our case definition in Manitoba’s general population
is greater than 99%. For studies where it is critical to include persons highly likely to have MS,
the definition used should maximize specificity by increasing the number of health encounters
required to be classified as MS. For studies where burden of disease and health care utilization
are of greatest interest, a more sensitive case definition which requires fewer health care
encounters may be more appropriate.

Other investigators used Veterans Health Administration claims data to develop a case definition
for MS, with a sensitivity of 93% and specificity of 92%, similar at the population level to our
case definition before 1998,30 but with a higher sensitivity as compared to our definition after
1998. The decrease in the sensitivity of administrative claims data for identifying cases of MS
after 1998 when physicians participating in the provincial program for MS stopped providing
care on a fee-for-service basis and the differences in case definition performance from one health
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care system to another illustrate the potential limitations of such data, and the need to formally
validate administrative case definitions for disease and the need to re-evaluate these changes
when changes in billing practice or health care utilization occur. This change may have lead us to
underestimate the burden of MS in our province; however, the general temporal changes in
disease burden were unaffected by the case definition used.

Other limitations of this study should be noted. Our response rate was less than desired, but
consistent with other studies in MB using a random population-based mailing in which direct
contact between potential participants and the investigators was not permitted.31 Responders
were more likely to be women, but we do not know whether their health care utilization differed;
if non-responders differed from responders with respect to their frequency of utilization then our
case definitions may not have the same predictive values in those individuals, or in men. Patients
who are not followed by physicians or with infrequent medical contacts will be missed using our
method, but an administrative database spanning more than 20 years makes this unlikely to be a
significant source of bias. Further, the mean time between health care contacts for MS was less
than one year.

Our study confirms that Manitoba is a region with a high and rising burden of MS, emphasizing
the need to identify etiologic factors. Administrative claims data can be used for surveillance of
chronic diseases, and our approach could be extended across provinces to develop national
estimates of disease burden.
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Table 2. Average Annual Incidence (Inc) of Multiple Sclerosis in Manitoba per 100,000 Population by Age and Sex, 1998-2006
Females
Age

Males

No. Cases

Women: Men

No. Cases
Inc.

95% CI

Rate
Inc.

95% CI

1998-2006

Both
No. Cases

95% CI

95% CI

(years)

1998-2006

≤24*

96

5.48

4.49, 6.69

17

0.93

0.58, 1.50

5.90

3.52, 9.88

113

3.16

2.62, 3.79

25-29

114

33.6

28.0, 40.4

33

9.73

6.92, 13.7

3.45

2.34, 5.09

147

21.7

18.4, 25.5

30-34

134

38.2

32.2, 45.2

31

8.86

6.23, 12.6

4.31

2.91, 6.37

165

23.6

20.2, 27.4

35-39

186

47.6

41.2, 55.0

43

11.0

8.17, 14.8

4.32

3.10, 6.02

229

29.3

25.8, 33.4

40-44

171

41.5

35.7, 48.2

53

12.8

9.75, 16.7

3.25

2.39, 4.43

224

27.1

23.8, 30.9

45-49

134

34.8

29.4, 41.3

56

14.5

11.2, 18.9

2.40

1.76, 3.28

190

24.7

21.4, 28.4

50-54

89

26.3

21.4, 32.4

41

12.2

8.98, 16.6

2.16

1.49, 3.12

130

19.3

16.2, 22.9

55-59

62

22.6

17.6, 28.9

35

12.8

9.22, 17.9

1.76

1.16, 2.66

97

17.7

14.5, 21.6

60-64

24

11.1

7.41, 16.5

18

8.6

5.39, 13.6

1.29

0.70, 2.38

42

9.82

7.26, 13.3

≥65

37

4.5

3.28, 6.24

17

2.8

1.76, 4.55

1.60

0.90, 2.84

54

3.81

2.91, 4.97

Total

1047

19.8

18.6, 21.1

344

6.7

6.03, 7.45

2.96

2.62, 3.34

1391

13.4

12.7, 14.1

*Age groups collapsed because cell sizes <5 suppressed

Ratio

Inc.
1998-2006
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