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Abstract
Background: Administrative data lack health behavior information.
Methods: We developed an administrative case definition for past or current (‘ever smoking’) in 1320
individuals with MS from Manitoba, Canada. Candidate indicators for ‘ever smoked’ included smoking
cessation medications, and diagnosis codes for tobacco use and chronic obstructive pulmonary disease,
using variable lookback periods.
Results: When compared to self-reported smoking status, the case definition incorporating all indicators
over a lifetime lookback period had a sensitivity of 31.98%, and positive predictive value of 78.26%.
Conclusion: This smoking status definition could only partially control for confounding due to smoking
because of the low sensitivity.
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Introduction
Administrative (health) claims data are frequently
used to study epidemiology and health services use
in multiple sclerosis (MS). Although administrative
data have several strengths, they usually lack informa-
tion about health behaviors such as smoking. Prior
studies that have tested the validity of claims-based
determination of smoking status using American
data sources have suggested limited sensitivity but
high specificity.1,2 However, variations in health
system structure, billing and diagnostic coding prac-
tices mean that case definitions from one health
system may perform differently in another system.
Performance of case definitions may also vary from
one clinical population to another. We tested an
administrative case definition for ‘ever smoked’
status in an MS population, in Manitoba, Canada, a
region with a universal, publicly funded health
system.

Methods
As described elsewhere,3 we used administrative
databases held in the Manitoba Population Data
Repository at the Manitoba Centre for Health
Policy. Databases used included the Population

Registry (date of birth, sex, health care coverage,
postal code of residence); Discharge Abstract
Database (hospitalizations including dates and diag-
noses recorded using International Classification of
Disease [ICD]-9th edition-clinical modification/10th
edition-Canadian adaptation); Medical Services (phy-
sician visits, ICD-9-CM coded diagnosis); and Drug
Program Information Network (DPIN, community-
dispensed prescriptions including name, drug identifi-
cation number (DIN), dispensation date). Linkage of
postal code to census data provided area-level socio-
economic status based on annual household income.

We applied a validated case definition to identify
Manitobans with MS from April 1, 1984-March 31,
2017. This definition required ≥3 health care contacts
(hospitalizations, physician visits, prescription claims
in any combination) and has a high sensitivity
(99.5%), specificity (98.5%) and positive predictive
value (PPV, 99.5%). The date of the first demyelinat-
ing disease claim (e.g. optic neuritis) was designated
as the index (diagnosis) date. These data were
linked to linked to smoking status information
(dichotomized as ever versus never) obtained via
questionnaire during clinic visits from consenting
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participants from the sole MS Clinic in Manitoba
during the period April 1, 2016 to March 31, 2017.
This constituted our linked cohort for further study.

Ethics approval was provided by the Health Research
Ethics Board of the University of Manitoba.
Approvals for data access were granted by the
Health Information Privacy Committee and the
Winnipeg Regional Health Authority.

We created candidate indicators for ‘ever smoked’.
These included ≥1 dispensation of a therapy used
for smoking cessation (varenicycline, nicotine pro-
ducts, bupropion) captured using DINs; any diagnosis
code for tobacco use;4 and any diagnosis code for
chronic obstructive pulmonary disease (COPD)
(Table e1). For COPD we tested a narrow definition
limited to individuals aged ≥35 years (indicator 1),
and two broader indicator without age limits which
added the less specific ICD-9-CM/ICD-10-CA 490,
493/J40, J45 diagnosis codes (Table e1).5 For each
indicator we tested one-year, two-year, five-year and
lifetime lookback periods. We compared smoking
status based on these indicators, or combinations of
those indicators (hereafter ‘definitions’), to smoking
status from the MS Clinic questionnaires (gold stan-
dard) using two by two contingency tables to estimate
sensitivity, specificity, PPV and negative predictive
value (NPV). Statistical analyses used SAS V9.4
(SAS Institute Inc., Cary, NC).

Results
After linkage of administrative and smoking status
data for the period April 1, 2016 to March 31, 2017,
we included 1,320 individuals with MS, of mean
age at diagnosis 36.5 (10.4) years. Overall, 788
(59.7%) of individuals had ever smoked (Table e2).

The sensitivity of most candidate indicators and defi-
nitions was low (<32%) although it reached 74.5% for
the lifetime definitions with broad COPD indicators
(Table 1); nicotine products were not detected likely
because these are available over the counter. All of
the indicators except the two definitions that included
the broad COPD indicators had a high specificity,
ranging from 86.8–99.8%, and PPV ranging from
58.33% to 98.86%.

Discussion
We tested individual indicators and their combina-
tions to determine ‘ever smoking’ status using admin-
istrative data. The PPVs for most combinations were
high, exceeding the recommended threshold of 70%,6

but sensitivities were low; suggesting that while we

can be confident that individuals classified by these
indicators have ever smoked, we will have a high fre-
quency of false negatives. The more sensitive, broad
definitions had lower specificities and PPVs <70%.
An Australian study compared smoking status
among hospitalized patients identified based on
ICD-10-Australian modification codes as compared
to self-report, and found that sensitivities ranged
from 45–74%, and specificities ranged from 94–98%
depending on the algorithms used. Sensitivity
improved and specificity decreased as they moved
from including the most recent hospitalization to a five-
year lookback period.4 A study in the United States
using Medicare data in an rheumatoid arthritis popula-
tion found that an algorithm employing only diagnosis
and procedure codes (e.g. smoking cessation counsel-
ing) over a one-year lookback period had a sensitivity
of only 9.8% when compared to self-reported smoking
status.1 Incorporating prescription claims and any
available data (like a lifetime lookback period)
improved sensitivity to 27.9%, with a specificity and
PPV of 100%. Notably, smokers identified using the
claims-based approach had a longer smoking history
than those who were not. A second American study
which compared performance of ICD-9 tobacco use
codes recorded in an electronic medical record to
smoking status based on medical records review
found a sensitivity of 32% and specificity of 100%.2

This study has limitations. Several of the tobacco
diagnosis codes used required 4 or 5 digits in
ICD-9-CM; they were too non-specific for use at the
3-digit level as used in Manitoba’s physician claims.
It is possible that if we had access to 4- or 5-digit
ICD codes in physician claims we could have
improved the sensitivity of our case definition while
retaining specificity. We also lacked another popula-
tion for external validation of our findings.

We showed that ever smokers can be identified with a
high degree of specificity, supporting studies focused
specifically on examining outcomes in smokers with
MS, although some individuals would be missed.
Our smoking status definitions would only partially
control for confounding due to smoking because of
the low sensitivity. Additional strategies to capture
health behaviors in administrative data are needed.
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