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Abstract

Introduction

The validity of chronic disease case definitions for administrative health data may change over time
due to changes in data quality. Trend control charts to identify out-of-control (OOC; i.e., unexpected)
observations in a time series may indicate where disease estimates are influenced by changes in data
quality.

Objective
Apply and compare trend control charts methods for multiple sclerosis (MS) incidence and prevalence
estimates using previously-validated case definitions for Manitoba, Canada.

Methods

Eight case definitions were identified from published literature and applied to Manitoba administrative
health data from January 1, 1972 to December 31, 2018. Incidence and prevalence trends
were modeled using negative binomial and generalized estimating equation models, respectively.
Trend control charts were used to plot predicted case counts against observed case counts.
Control limits to identify OOC observations were calculated using two methods: predicted case
count £0.8*standard deviation (0.8*SD) and predicted case count £2*standard deviation (2*SD).
Differences in proportion of OOC observations across case definitions was assessed using McNemar's
test.

Results

The proportion of OOC observations ranged from 0.71 to 0.90 for incidence and 0.72 to 0.98 for
prevalence when using the 0.8*SD control limits. A lower proportion of OOC observations (0.46 to
0.74 for incidence; 0.30 to 0.74 for prevalence) was observed for the 2*SD control limits. Neither
method resulted in significant differences in OOC observations across case definitions.

Conclusions

The proportion of OOC observations in trend control charts varied with the control limit method
adopted, but statistical significance did not. Trend control charts are a potentially useful tool for
developing surveillance methods, but may benefit from disease-specific calibrated control limits.
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Introduction

Administrative health data are widely used for chronic disease
research and surveillance due to their population and temporal
coverage, objective measurement of health conditions, and
low cost to access. However, these data were not originally
collected for research or surveillance; there are multiple
challenges associated with using administrative health data
for chronic disease research and surveillance. Changes in
the coding systems used to ascertain health conditions (i.e.
changes to International Classification of Disease [ICD] codes)
[1, 2], as well as the processes used to generate those
codes (i.e., clinical guidelines, coding practices, diagnostic
criteria, and healthcare processes) [3], may be problematic
when estimating incidence and prevalence trends. For example,
ICD codes are updated periodically by the World Health
Organization to reflect changes in the medical field; codes
from different versions do not always map directly to one
another [4]. Compared to the ninth revision (i.e., ICD-9), the
tenth revision (i.e., ICD-10) has almost twice the number of
codes and some conditions have been grouped into different
chapters [5]. These changes in the ICD coding system can
impact population health measurement over time [1-3].

Case definitions, which are rules or algorithms based
on ICD «codes, are used to obtain disease estimates
from population-based administrative health data [6, 7].
Constructing case definitions involves careful consideration
of the disease criteria (i.e., disease treatment duration and
frequency, screening and diagnostic procedures, and time
between disease onset and diagnosis) and how they map
onto the available data elements (i.e., ICD codes) [8, 9.
Often, multiple case definitions are built and validated within
the same study. Validation involves comparing case definition
results to information from external data sources. This is
usually done at a single point in time and rarely re-visited
over time. It may not be reasonable to assume that validity
measures, such as sensitivity or specificity, remain constant
over time [10]. In addition, measure that are influenced
by disease prevalence, such as positive predictive value and
negative predictive value, are likely to change as population
health changes. This, along with changes in data quality for
disease identification due to changes in coding systems [4] or
other data generation processes, may influence case definition
performance. Therefore, changes in disease trend estimates
produced using validated case definitions may reflect changes
in data quality for disease case identification rather than true
changes in population health [11, 12].

Control charts are a statistical approach to monitor
processes over time and distinguish between random and
non-random sources of error [13]. Control limits are set
around a centre (i.e., average) line, and observations outside
the control limits are deemed ‘out-of-control’ (OOC). These
OOC observations suggest non-random sources of variation
have influenced the process of interest [13]. By flagging
(i.e., identifying) OOC observations, control charts can
indicate where non-random influences, such as a change in
policy/procedure, intervention, or unexpected factors (e.g.,
COVID-19 pandemic), may impacted the process of interest.
Choice of control limits to identify OOC observations may
vary based on the process of interest [14] and can be
determined based on a clinical or statistical criteria (e.g.,

percent increase/reduction of relative risk or log-likelihood
ratio), or both types of criteria [14, 15]. There is no
single method to calculate control limits, and the choice of
methods can influence the observations identified as OOC
observations [14].

Control charts have been applied in various health settings
to monitor the quality of healthcare delivery, assess population
health trends, and monitor public health surveillance programs
[14, 16-19]. For disease trends obtained from administrative
health data, potential contributors to non-random error
include changes in case definition performance due to
variations in data quality over time. Therefore, researchers
and epidemiologists can use trend control charts as a tool to
inform how and where changes in data quality may affect case
definition validity. Previously, we applied trend control charts
to administrative health data for juvenile diabetes to describe
trend stability for several validated case definitions [12].

Multiple sclerosis (MS) is a complex disease to diagnose,
often requiring multiple healthcare provider visits [20]. At
onset, MS is an episodic disease in about 85% of affected
individuals, characterized by periods of relapse and remission
[21]. Over time, many individuals develop gradually worsening
disease symptoms even in the absence of relapse [21].
MS diagnostic criteria have changed over time as new
technologies, such as magnetic resonance imaging (MRI),
have become available [21]. The control chart methodology
and control limits previously applied to trend estimates from
juvenile diabetes case definitions may not be the best choice
for all diseases. Differences in the shape of the trend, case
ascertainment method, and magnitude of prevalence and
incidence estimates may affect this choice. Therefore, this
study applied trend control chart methods using different
control limits to MS incidence and prevalence trends for
previously published, validated MS case definitions. OOC
observations from two different control limit calculations were
identified and compared over time across case definitions.

Methods

Study data

Administrative health data from January 1, 1972 to December
31, 2018 were obtained from the Manitoba Population
Research Data Repository housed at the Manitoba Centre for
Health Policy. Manitoba has a universal healthcare system;
therefore, this data repository contains all healthcare contacts
covered by provincial healthcare insurance for Manitoba's 1.3
million residents (estimated 99% of population) [22]. Hospital
records, contained in the Hospital Discharge Abstracts
database, are coded using ICDA-8 (from January 1, 1972 to
March 31, 1979), ICD-9-Clinical Modifications (CM) (from
April 1, 1979 to March 31, 2004), and ICD-10-Canadian
version (CA) (April 1, 2004 onwards). Physician records,
contained in the Medical claims/Medical services database
are coded using ICDA-8 (from January 1, 1972 to March 31,
1979) and ICD-9-CM (April 1, 1979 onwards). Hospital and
physician records were originally coded in the seventh revision
of ICD codes from 1972 to 1974 and later converted to ICD-
8 by the data provider. We had no information about the
conversion methods used by the data provider and therefore
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excluded these years from the analysis. However, these data
were used in the lookback period to ascertain incident cases
(see Study Cohort). Health insurance coverage dates, sex,
and date of birth were obtained from the Manitoba Health
Insurance Registry.

Case definitions

Previously-validated case definitions for MS were identified
from published literature. PubMed, Google Scholar, and
Embase were searched up to December 1, 2020 using the
search string “(((Multiple Sclerosis) AND (administrative
health data OR claims data)) AND (case definition)) AND
(incidence)". Case definitions were selected if they used
hospital and/or physician records and if at least one measure
of validity (e.g., sensitivity) was reported. A total of eight
validated case definitions were identified [23-29].

Study cohort

A separate cohort was created for each case definition. For case
definitions with an observation window (i.e., the time period
in which a specific type and number of ICD codes must occur
in the data for an individual to be considered a disease case),
individuals required healthcare insurance coverage during the
entire observation window to be retained in the cohort. For
case definitions without an observation window, individuals
required at least one day of health insurance coverage to be
retained in the cohort. Individuals were classified as cases if
they met the case definition criteria. A 5-year look back period
was used to ascertain incident cases [24], where an individual
had to have no MS ICD codes within the last 5 years to
be considered incident. Incident and prevalent counts were
aggregated by sex and age group (20 to 29 years; 30 to 39
years; 40 to 49 years; 50 to 59 years; 60 to 69 years; 70 to 79
years; 80+ years).

Statistical analysis

Statistical methods followed those previously reported [12].
Briefly, incident case counts were modelled using negative
binomial regression; prevalent case counts were modelled using
generalized estimating equations (GEEs) regression with a
Poisson distribution and a first order autoregressive correlation
structure. Age group (reference group: 20 to 29 years), sex,
and year were covariates. The model offset was the natural
logarithm of the cohort size. Where trends were determined to
be non-linear, a restricted cubic spline [30] was used.
Incidence and prevalence trends for each case definition
were graphed by year using observed-expected trend control
charts, where the observed value was the annual estimated
case count, and the expected value was the model-predicted
count summed across age groups and sexes. Control limits
were calculated using two different methods. The first method
identified OOC observations when there were large differences
between model-predicted and observed counts. The size of
the difference was defined using Cohen's effect size [31],
where a large effect size is observed when the difference
between two means divided by their pooled standard deviation
is 0.8 or greater. Accordingly, control limits were calculated
as the summed model-predicted count 4+0.8*pooled standard

deviation of the model-predicted counts. The second method
identified OOC observations based on traditional control chart
methods where control limits are based on 95% or 99%
confidence intervals. Specifically, control limits were calculated
as the summed model-predicted count +2*pooled standard
deviation of the model-predicted count (approximately equal
to the 95% confidence interval). For both methods, annual
case counts were classified as OOC if they fell outside the
calculated control limits. To compare trend stability over
time, case counts from the years 1975 to 2017 were used
for prevalence and 1977 to 2017 for incidence. Data after
2017 were truncated as the case definition with a two-year
observation window did not have case counts beyond 2017.
For incidence, data before 1977 were used in the 5-year look
back period.

McNemar's test [32] was used to test for differences in the
frequency of OOC observations for case definitions. Differences
were tested across all years, by ICD version, and by years
surrounding transitions from one ICD version to another. If
the number of observations was less than 10, McNemar's exact
test was used. The case definition of three or more hospital or
physician MS diagnosis codes (ICD-9-CM: 340; ICD-10-CA:
G35) was selected as the reference case definition to compare
to all other case definitions as this was the most frequently
identified case definition used in previous research. A Holm-
Bonferroni adjustment [33] was used to control the overall
probability of a Type | error. OOC proportion, calculated as
the number of OOC years for a case definition divided by the
number of study years (43 for prevalence; 41 for incidence),
was also compared across case definitions.

All data analyses were performed using R version 4.1.0.
The MASS package [34] was used to fit the negative binomial
models and the geepack package [35] was used to fit the GEE
models.

Results

Details on the case definitions, including their ICD codes
and regions they have been validated in, can be found
in Table 1. Most identified validation studies applied case
definitions in Canadian regions. Case definitions applied in
Sweden, Germany, and Hungary were identified as well. Only 2
of the 8 identified case definitions used observation windows.
Three case definitions used 3 or more hospital or physician
codes; however, there were variations on the ICD codes used
for case identification.

Trend control charts for incidence and prevalence using
both control limit calculations can be found in the
supplemental material (Supplementary Figures 1-4). Incidence
did not consistently increase or decrease for the case
definitions. Prevalence increased relatively consistently over
time across all case definitions.

The frequency and proportion of OOC annual counts
obtained when using the 0.8*%SD control limits are reported
in Table 2, along with results from McNemar's test.
For incidence, the proportion of OOC observations ranged
from 0.71 to 0.90, with a mean of 0.84 across all
case definitions. For prevalence, the proportion of OOC
observations ranged from 0.72 to 0.98 with a mean value
of 0.83 across all case definitions. McNemar's test with a
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Table 1: Description of identified validated multiple sclerosis case definitions

Country/region of

Case definition name Description ICD-codes validation study
3+ (A) 3 or more hospital or physician ICD-9-CM: 340 Canadian provinces: British
codes ICD-10-CA: G35 Columbia, Manitoba, Quebec,
and Nova Scotia, Saskatchewan
Sweden
3+ (B) 3 or more hospital or physician ICD-9-CM: 340 Canadian province: Nova Scotia
codes ICD-10-CA: G35
Incidence date determined
using:
ICD-9-CM: 341.0, 341.9, 323,
377.3, 323.82
ICD-10-CA: G36, G36.0,
G37.9, G36.9, H46, G37
3+ (O) 3 or more hospital or physician ICD-9-CM: 340 Hungary
codes ICD-10: G35
Note: at least one MS must be
submitted by neurologist. MS
code had to occur in at least 2
different calendar years (not
consecutive)
7+ 7 or more hospital or physician ICD-9-CM: 340 Canadian province: Nova Scotia
codes ICD-10-CA: G35
Incidence date determined
using:
ICD-9-CM: 377.3, 323.82, 323,
341.9, 341.0

7+ or 3+ (coverage) 7 or more hospital or physician
codes if 3+ years of coverage
3 or more hospital or physician

codes if <3 years of coverage

7+ or 3+ (date) 7 or more hospital or physician
codes up to and including Dec
31, 1997

3 or more hospital or physician

codes after Dec 31, 1997

14 hosp or 2+ phys 1 or more hospital or 2 or more
physician codes in 1 year
1 or more hospital or 5 or more

physician codes in 2 years

1+ hosp or 5+ phys

ICD-10-CA: H46, G37, G36.9,
G37.8, G36, G36.0
ICD-9-CM: 340

ICD-10-CA: G35

Incidence date determined
using:

ICD-9-CM: 377.3, 323.82, 323,
341.9, 341.0

ICD-10-CA: H46, G37, G36.9,
G37.8, G36, G36.0
ICD-9-CM: 340

ICD-10-CA: G35

Incidence date determined
using:

ICD-9-CM: 377.3, 323.82, 323,
341.9, 340, 341.0

ICD-10-CA: H46, G37, G36.9,
G37.8, G36, G35, G36.0
ICD-9-CM: 340

ICD-10-CA: G35

ICD-9-CM: 340

ICD-10-CA: G35

Canadian province: Nova Scotia

Canadian province: Manitoba

Germany

Canadian province:
Saskatchewan

Holm-Bonferroni adjustment revealed no statically significant
differences between the reference case definition and the
remaining case definitions for both incident and prevalent case
counts.

The proportion of OOC observations obtained when using
2*SD control limits and results from the McNemar's tests
are reported in Table 3. Using these control limits, a lower

proportion of observations were flagged as OOC (0.46-0.74
with a mean of 0.58 for incidence; 0.30-0.74 with a mean
of 0.55 for prevalence across all case definitions). Similar to
the 0.8*SD control limits, no statically significant differences
between the reference case definition and the remaining case
definitions were found for both incident and prevalent case
counts.
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Discussion

MS case definitions applied to Manitoba's administrative
health data produced variable incidence trends and increasing
prevalence trends. The proportion of OOC observations
detected via trend control charts for incidence and prevalence
ranged from 0.78 to 0.90 and 0.72 to 0.98, respectively
when using 0.8*SD control limits. Wider control limits (2*SD)
produced a lower proportion of OOC observations ranging from
0.46 to 0.71 for incidence and 0.30 to 0.74 for prevalence. No
significant differences in the frequency of OOC observations
were seen across case definitions for either methods of control
limit calculation.

Changes in the quality of administrative health data for
chronic disease research and surveillance can impact case
definition performance over time. Trend control charts provide
a means of identifying where changes in disease trends are
potentially reflective of changes in data quality, rather than
changes in population health. By applying trend control
charts to MS incidence and prevalence trends and comparing
results across different case definitions, this study showed no
statistically significant difference in case definition robustness
to changes in data quality, regardless of the control limit
calculations used (i.e., performance of all case definitions were
affected similarly). The moderate to high proportion of OOC
observations (proportions >0.30) suggests that there may be

variability in the data quality for identifying MS cases; this
should be considered when using longitudinal data for MS
research and surveillance.

Our previous study on juvenile diabetes that applied 0.8*
SD control limits found the proportion of OOC observations
for incidence and prevalence trends ranged from 0.57 to
0.76 and 0.45 to 0.83, respectively [12]. For MS, the
proportions of OOC observations for both incidence and
prevalence were considerably higher when using the same
method. The wider control limits of 2*SD resulted in a
proportion of OOC observations similar to the proportion
obtained for juvenile diabetes. This suggests the wider,
traditional methods of calculating control limits may be
appropriate for differentiating between random and non-
random error when identifying MS cases in administrative
health data. MS presents differently than juvenile diabetes,
and this is reflected in the healthcare encounters identified
from administrative health data. Prevalence rates are also
different for both diseases: in the 2019-2020 vyear, the
Public Health Agency of Canada's Canadian Chronic Disease
Surveillance System reported a prevalence of 75 per 100,000
for juvenile diabetes versus 13 per 100,000 for MS [36].
Similar to the construction of case definitions, construction
of control charts to assess data quality for ascertaining
different disease should carefully consider disease presentation
and clinical management (i.e., the disease criteria) as well

Table 2: Comparisons of out-of-control incidence and prevalence observations for multiple sclerosis case definitions using 0.8*SD

control limits

Incidence

ICD-8
(1977-1979)

All years
(1977-2017)

ICD-9
(1980-2004)

ICD-8 to ICD-9 ICD-9 to ICD-9/10
(1977-1981) (2002-2006)

ICD-9/10
(2005-2017)

McNemar’s McNemar’s

Case definition

McNemar’s McNemar’s McNemar’s McNemar’s

00cC frequency test test test test test test
(Proportion) | adj. I adj. | adj. | ad;j. | adj. | adj.
p-value , value2 PVaIUE _yalyea PVAUE | yalyea PVAIUE o yalyea PTVAUE o yalyea P-VAUE 5 yalue
3+ (A) 32 (0.78) REF REF REF REF REF REF REF REF REF REF REF REF
3+ (B) 37 (0.90) 0.18 1.00 1.00 1.00 0.45 1.00 0.48 1.00 1.00 1.00 0.50 1.00
3+ (0) 29 (0.71) 0.55 1.00 1.00 1.00 1.00 1.00 0.48 1.00 1.00 1.00 1.00 1.00
7+ 36 (0.88) 0.29 1.00 1.00 1.00 0.62 1.00 0.48 1.00 1.00 1.00 1.00 1.00
7+ or 3+ (coverage) 36 (0.88) 0.29 1.00 1.00 1.00 0.62 1.00 0.48 1.00 1.00 1.00 1.00 1.00
7+ or 3+ (date) 37 (0.90) 027 1.00 100 100 013 091 100 100 1.00 1.00  0.50 1.00
1+ hosp or 2+ phys 32 (0.78) 1.00 1.00 1.00 1.00 0.50 1.00 0.22 1.00 1.00 1.00 0.50 1.00
1+ hosp or 5+ phys 35 (0.85) 0.55 1.00 1.00 1.00 0.72 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Prevalence
All years ICD-8 ICD-9 1ICD-9/10 ICD-8 to ICD-9 ICD-9 to ICD-9/10

(1975-2017) (1975-1979)

(1980-2004)  (2005-2017)  (1975-1981) (2002-2006)

McNemar’s McNemar’s
0O0C frequency test test

Case definition

McNemar’s McNemar’s McNemar's McNemar’s

(Proportion)

3+ (A) 32 (0.74) REF REF REF  REF
3+ (B) 34 (0.79) 072 100 1.00  1.00
3+ (Q) 31 (0.72) 1.00  1.00 1.00  1.00
7+ 36 (0.84) 045 1.00 1.00  1.00
7+ or 3+ (coverage) 36 (0.84) 0.45 1.00 1.00 1.00

7+ or 3+ (date)
1+ hosp or 2+ phys
1+ hosp or 5+ phys

38 (0.88) 018 1.00 100 1.00
42 (0.98) 0.01 007 1.00 1.00
37 (0.86) 027 1.00 100 1.00

test test test test
p-value p_::ltea p-value p_:ac:Juea p-value p_:jjuea p-value p-::IJuea p-value p-::ljuea p-value p-::ljuea
REF REF REF REF REF REF REF REF
0.13 1.00 1.00 1.00 1.00 1.00 0.50 1.00
0.34 1.00 0.75 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00
0.50 1.00 0.50 1.00 1.00 1.00 1.00 1.00
0.29 1.00 0.22 1.00 1.00 1.00 1.00 1.00

OOC: out-of-control; SD: standard deviation.
& p-values adjusted with Holm-Bonferroni procedure.
p-values <0.05 are in boldface font.
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as how the disease criteria are represented in the available
data.

Previous applications of control charts in the healthcare
setting have focused on monitoring healthcare delivery and
population health [14, 17, 18, 37]. Trend analysis has
previously been used to assess administrative health data
quality for research and surveillance [11, 38-40]. Studies
that used control charts to assess data quality include an
applied study about juvenile diabetes case definitions [12]
and a methodological study [41]. Both studies demonstrate
that control charts can be used to gain insights on data
quality changes over time and its impact on case definition
performance. As more research is being reported about
the changes in healthcare delivery due to the COVID-19
pandemic [42—44], control charts offer a potentially promising
method for future work exploring the impact of COVID-19 on
administrative health data quality for chronic disease research
and surveillance.

The case definition of three or more hospital or physician
codes, where at least one MS code must be submitted by a
neurologist had the lowest proportion of OOC observations
for both incidence and prevalence trends in the main and
sensitivity analyses. Of note, shadow billing claims from the
Manitoba MS clinic were not available between the years from
2000 to 2010, limiting the use of MS codes from neurologists
during this period. Only two of eight case definitions used

observation windows; these case definitions had among the
highest proportions of OOC years for prevalence. This may
suggest that accounting for physician speciality in MS
case definitions reduces OOC observations and including an
observation window increases OOC observations; however, it
is unclear, as no statistically significant differences in OOC
observations between case definitions and the reference case
definition were detected. It is possible that the statistical test
(McNemar's test) chosen to compare OOC observations across
case definitions may not be sufficiently sensitive to detect any
differences.

Patterns in OOC observations across case definitions seen
in Supplementary Figures 3, 4 provide some insight on the
relationship between the data quality for identifying MS
cases and the observed trends. The cyclical pattern seen in
panels (g) and (h) in Supplementary Figure 4 (prevalence
trends) suggest that case definitions that use observation
windows may be influenced by external factors. Most case
definitions in Supplementary Figure 3 (incidence) have an
increase in incident cases (OOC outside upper control limit)
around the year 2000; in 2001 the first diagnostic criteria
that incorporated MRI as a means of accelerating time to
diagnosis were introduced. The decrease in incident cases
during 2006-2009, as seen in panels (a)—(f) could be due to
missed cases from the Manitoba MS clinic when there was no
shadow billing. Other potential explanations for the proportion

Table 3: Comparisons of out-of-control incidence and prevalence observations across multiple sclerosis case definitions when using

2*SD control limits

Incidence

iCD-8
(1977-1979)

All years
(1977-2017)

iCD-9
(1980-2004)

ICD-8 to ICD-9 ICD-9 to ICD-9/10
(1977-1981) (2002-2006)

ICD-9/10
(2005-2017)

McNemar’s McNemar’s

Case definition

McNemar’s McNemar’s McNemar's McNemar’s

00cC frequency test test test test test test
(Proportion) adj. adj. adj. ad;j. ad;j. adj.
p-value p-value® p-value p-value? p-value p-value? p-value p-value? p-value p-value? p-value p-value?
3+ (A) 23 (0.56) REF REF REF REF REF REF REF REF REF REF REF REF
3+ (B) 22 (0.54) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 0.5 1.0
3+ (0) 19 (0.46) 0.4 1.0 1.0 1.0 0.4 1.0 1.0 1.0 0.6 1.0 1.0 1.0
7+ 24 (0.59) 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0 1.0 1.0
7+ or 3+ (coverage) 24 (0.59) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
7+ or 3+ (date) 27 (0.66) 0.5 1.0 0.5 1.0 0.2 1.0 0.6 1.0 0.5 1.0 1.0 1.0
14 hosp or 24 phys 22 (0.54) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0
1+ hosp or 5+ phys 29 (0.71) 0.3 1.0 1.0 1.0 0.4 1.0 0.7 1.0 1.0 1.0 1.0 1.0
Prevalence
All years ICD-8 ICD-9 ICD-9/10 ICD-8 to ICD-9 ICD-9 to ICD-9/10

(1975-2017) (1975-1979)

(1980-2004)  (2005-2017)  (1975-1981) (2002-2006)

McNemar’s McNemar’s
test test

Case definition
0OOC frequency

McNemar’s McNemar’s McNemar’s McNemar’s
test test test test

(Proportion) adj. adj. adj. ad;j. adj. adj.
p-value p-value® p-value p-value® p-value p-value® p-value p-value® p-value p-value® p-value p-value®

3+ (A) 21 (0.49) REF REF REF REF REF REF REF REF REF REF REF REF
3+ (B) 21 (0.49) 1.00 1.00 1.00 100 100 100 1.00 1.00 1.00 1.00  1.00 1.00
3+ (C) 13 (0.30) 0.06 0.37 0.50 1.00 0.34 1.00 0.48 1.00 0.50 1.00 1.00 1.00
7+ 23 (0.53) 0.77 1.00 1.00 1.00 1.00 1.00 0.45 1.00 1.00 1.00 0.50 1.00
7+ or 3+ (coverage) 22 (0.51) 1.00 1.00 1.00 1.00 1.00 1.00 0.68 1.00 1.00 1.00 0.50 1.00
7+ or 3+ (date) 27 (0.63) 0.26 1.00 1.00 1.00 0.61 1.00 0.37 1.00 0.13 0.88 1.00 1.00
1+ hosp or 2+ phys 32 (0.74) 0.04 0.26 1.00 1.00 0.12 0.73 0.07 0.52 0.25 1.00 0.63 1.00
1+ hosp or 5+ phys 30 (0.70) 0.08 0.40 0.50 1.00 0.06 0.43 0.37 1.00 0.50 1.00 0.25 1.00

OOC: out-of-control; SD: standard deviation.
& p-values adjusted with Holm-Bonferroni procedure.
p-values <0.05 are in boldface font.
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of OOC observations include changes in ICD versions that
are used to code administrative data (see panels (a)—(c)
after switch to ICD-10-CA codes in hospital records) and
the 74+ or 34 (date) case definition having different criteria
pre and post 1997. Moreover, disease-modifying therapy for
MS became available in Manitoba in 1997/1998 and the
pilot for the Manitoba MS clinic started in 1997/1998, which
could have further contributed to the extreme values seen in
panel (f).

Trend control charts differentiate random and non-random
process variation (e.g. changes in coding practices) [13]. Trend
control charts may identify where case definition validity varies,
by indicating where observations are potentially influenced
by changes in data quality (i.e., non-random error). The
high proportion of OOC observations when using 0.8*SD
control limits demonstrates greater variance in MS trends
than in juvenile diabetes trends estimated from administrative
health data. Wider control limits (i.e., 2¥SD) may help to
highlight variation due to the challenges of diagnosing of
MS and variation due to other factors such as policy/coding
practice changes. Future work applying trend control charts
to disease estimates obtained from administrative health data
may benefit from the adoption of disease-specific calibrated
control limits.
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Supplementary Figure 1: Observed-expected control charts for incidence trends across multiple sclerosis case definitions using

0.8*SD control limits. (a) 3+ (A); (b) 3+ (B); (c) 3+ (C); (d) 7+; (e) 7+ or 3+ (coverage); (f) 7+ or 3+ (date); (g) 1+ hosp or

2+ phys; (h) 1+ hosp or 5+ phys. Vertical lines indicate years where a change in ICD version occurred; SD = standard deviation.
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Supplementary Figure 2: Observed-expected control charts for prevalence trends for multiple sclerosis case definitions using 0.8*SD
control limits. (a) 3+ (A); (b) 3+ (B); (c) 3+ (C); (d) 7+; (e) 7+ or 3+ (coverage); (f) 7+ or 3+ (date); (g) 1+ hosp or 2+
phys; (h) 1+ hosp or 5+ phys. Vertical lines indicate years where a change in ICD version occurred; SD = standard deviation.
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Supplementary Figure 3: Observed-expected control charts for incidence trends across multiple sclerosis case definitions using 2*SD
control limits. (a) 3+ (A); (b) 3+ (B); (c) 3+ (C); (d) 7+; (e) 7+ or 3+ (coverage); (f) 7+ or 3+ (date); (g) 1+ hosp or 2+
phys; (h) 1+ hosp or 5+ phys. Vertical lines indicate years where a change in ICD version occurred; SD = standard deviation.

400 400- 400
300- 300~ 300-
& .

- 0 - 7 ]
S ] E
3 3 S
rd 200 Py ® 200 -~ Expected
a8 a8 8 ~e- Observed
S o ¢

100~ 100~ 100-

.
0 0- o
400 400~ 400
300 300~ 300~
.

€ € €
5 S S
8 8 8
Py 200- ® 200- ® 200 -+ Expected
8 8 2 = Observed
[} ¢ ¢

100- 704> s 100~ % <

1977-
1978-
1977-
1978-

o
NS
55

400- 400-
300~ 300~ .
.
.
.
.
.

€ oo o . €

3 3

o o

S S 20 - Expected
& a -~ Observed
o o

.
100-e

12



Hamm NC et al. International Journal of Population Data Science (2024) 9:1:13

Supplementary Figure 4: Observed-expected control charts for prevalence trends across multiple sclerosis case definitions using
2*SD control limits. (a) 3+ (A); (b) 3+ (B); (c) 3+ (C); (d) 7+; () 7+ or 3+ (coverage); (f) 7+ or 3+ (date); (g) 1+ hosp or
2+ phys; (h) 1+ hosp or 5+ phys. Vertical lines indicate years where a change in ICD version occurred; SD = standard deviation.
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