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Abstract
Objectives To estimate and compare incidence/prevalence of rheumatoid arthritis (RA) in different geographic health regions and
between urban/rural locations of residence within the province of Saskatchewan.
Methods Saskatchewan Provincial Administrative Health Databases (2001–2014) were utilized as data sources. Two RA case-
definitions were employed: (1) three physician billing diagnoses, at least one of which was submitted by a specialist (rheuma-
tologist, general internist, or orthopedic surgeon) within 2 years; (2) one hospitalization diagnosis (ICD-9-CM code-714 and
ICD-10-CA codes-M05, M06). Data from these definitions were combined to estimate annual RA incidence and prevalence.
Annual incidence and prevalence rates across geographic regions and between rural and urban residences were examined.
Results An increasing RA prevalence gradient was observed in a south to north direction within the province. In the 2014–2015
Fiscal Year, the southern region of Sun Country had a 0.57% RA prevalence and the Northern Health Regions a prevalence of
1.15%. Incidence rates fluctuated over time in all regions but tended to be higher in Northern Health Regions. A higher RA
prevalence trend was observed in rural residents over the study period.
Conclusions Higher prevalence rates were observed for RA in Northern Health Regions than elsewhere in the province. Rural
prevalence rates were higher than for urban residents. Healthcare delivery strategic planning will need to ensure appropriate
access for RA patients throughout the province.

Résumé
Objectifs Estimer et comparer l’incidence et la prévalence de la polyarthrite rhumatoïde (PR) entre différentes régions sanitaires
et entre les lieux de résidence urbains et ruraux de la province de la Saskatchewan.
Méthode Nos données sont extraites des bases de données administratives sur la santé de la Saskatchewan (2001–2014). Nous
avons employé deux définitions de cas pour la PR: 1) > trois factures de diagnostic médical, dont au moins une soumise par une
ou un spécialiste (rhumatologue, interniste général(e) ou chirurgien(ne) orthopédiste) en l’espace de deux ans; 2) > un diagnostic
d’hospitalisation (code CIM-9-MC 714 et codes CIM-10-CAM05 et M06). Nous avons combiné les données de ces définitions
pour estimer l’incidence et la prévalence annuelles de la PR. Nous avons ensuite examiné les taux d’incidence et de prévalence
annuels d’une région géographique à l’autre et entre les lieux de résidence urbains et ruraux.
Résultats Un gradient de prévalence de la PR croissant du sud vers le nord a été observé dans la province. Durant l’exercice
2014–2015, le taux de prévalence de la PR était de 0,57% dans la région sanitaire de Sun Country, dans le sud de la
Saskatchewan, et de 1,15% dans les régions sanitaires du nord. Les taux d’incidence ont fluctué dans le temps dans toutes les
régions, mais ont eu tendance à être plus élevés dans les régions sanitaires du nord. Une prévalence supérieure de la PR a été
observée chez les résidents des milieux ruraux au cours de la période de l’étude.
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Conclusions Les taux de prévalence observés pour la PR dans les régions sanitaires du nord étaient plus élevés qu’ailleurs dans la
province. Les taux de prévalence des résidents des milieux ruraux étaient supérieurs à ceux des résidents des milieux urbains.
Dans la planification stratégique, il faudra donc veiller à ce que les patients atteints de PR aient accès aux soins de santé
appropriés dans toute la province.
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Introduction

Geography has been recognized as a determinant of health in
the 2002 Commission on Future of Health Care in Canada
Report (Romanow 2002). In the care of people with rheuma-
toid arthritis (RA), those who live in rural and remote loca-
tions may face greater challenges in accessing specialty care
(Nair et al. 2016). As access to specialty care has been asso-
ciated with improved outcomes and reduced healthcare over-
all costs for RA, limitations in access for segments of the
provincial population may represent an important inequity
(Ruderman et al. 2012; Singh et al. 2016). Timely diagnosis
and treatment are becoming increasingly crucial with the re-
cent advances in therapeutic interventions and amelioration of
joint destruction in this disease (Singh et al. 2016).
Understanding the incidence and prevalence of RA in geo-
graphically more remote areas may inform future healthcare
service delivery planning.

Saskatchewan is a Canadian province with a land area
of 588,239.21 km (Statistics Canada 2011a). Two thirds
of the population reside in urban areas, and the majority
of people live in the southern half of the province.
Saskatoon and Regina are the two cities where the tertiary
medical care centres for the province are located as well
as where all the province’s subspecialist rheumatologists
practice. Saskatchewan is divided into 12 regional health
authorities and one health authority (Athabasca Health
Authority) funded jointly by the provincial and federal
governments. The rural population is distributed in small-
er communities, some quite isolated and, depending on
weather and season, may not be accessible by road.
Delivery of healthcare services to rural and remote resi-
dents will pose a particular challenge to ensure equitable
access, availability, and affordability compared to their
urban counterparts.

The objectives of this study were to:

1. Estimate and compare the incidence/prevalence of RA in
different geographic regions in the province.

2. Compare annual incidence/prevalence of RA between
those who reside in a rural location and those in an urban
location.

Methods

Setting and Design

Saskatchewan is one of Canada’s three prairie provinces and
as of January 2015 had a population of 1,129,061 (Statistics
Canada 2015). The majority of Saskatchewan residents are
recipients of provincial healthcare benefits. Exceptions (<
1%) would include federally insured persons such as federal
prison inmates, Royal Canadian Mounted Police, and military
personnel. These federally insured groups would have infor-
mation captured in data collected around hospital use but not
other data sources employed in this study. Additionally, First
Nations peoples who have treaty relationships with the feder-
al government, termed BRegistered Indians^ (RI), and who
comprise 15.6% (2011 Statistics Canada: National Household
Survey data) of the provincial population receive some of
their health benefits from the Federal Government. Relevant
data from these populations with Federal treaty relationships
were incorporated within the data sources employed in this
study (Statistics Canada 2011b).

A Saskatchewan provincial population-based cohort study
was undertaken to evaluate incidence and prevalence rates of
RA between fiscal year 2001 and 2002 (FY0102) overall, by
gender, by location of residence (rural/urban), and by geo-
graphic health region.

Subjects and Data Sources

This retrospective, population-based cohort study was per-
formed employing Saskatchewan Provincial Health
Administrative Databases organized by fiscal year (FY), for
the periods of April 1, 2001 up until March 31, 2015.
Provincial Health Administrative Databases utilized for this
study included the Discharge Abstract Database, the physi-
cian Medical Services Database, the Person Health
Registration System, and the Vital Statistics Registry. These
various data sources can be linked anonymously through
unique personal health insurance numbers.

The Discharge Abstract Database incorporates detailed
hospitalization-related data. Until March 31, 2001, prior to
the study time period, diagnoses were recorded in compliance
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with the International Classification of Diseases 9th revision
(ICD-9). Subsequently, the International Classification of
Diseases, 10th revision, Canadian Version (ICD-10-CA) was
introduced. During the 12-month period from April 1, 2001
until March 31, 2002, approximately 90% of ICD codes re-
corded are ICD-10-CAwith the remaining 10% being ICD-9.
Subsequent to April 1, 2003, virtually all codes were recorded
in the ICD-10-CA format. Between 3 and 16 diagnoses are
captured in each record prior to the introduction of ICD-10-
CA, and up to 25 diagnoses are captured subsequently. The
database provides detailed diagnostic information, including
the primary admission diagnosis as well as co-morbidity di-
agnoses and diagnoses related to complications arising during
the hospitalization.

TheMedical Services Database provides data on physician
services. Physicians who are paid on a fee-for-service basis
submit billing claims to the provincial health ministry. A sin-
gle diagnosis using three-digit ICD-9 codes is recorded on
each claim. Physicians who are salaried are generally required
to submit billing claims for administrative purposes, a practice
known as shadow billing.

The Person Health Registration System captures character-
istics of each insured individual, including their age, sex, loca-
tion of residence, and dates of coverage within the provincial
health insurance plan.

The Vital Statistics Registry holds information on all births
and deaths within the province.

Cohort Case Definition

Rheumatoid Arthritis A previously validated algorithm for
administrative data was employed in the identification of peo-
ple with RA for this cohort (Widdifield et al. 2013).
Individuals were identified as having RA if they had three or
more physician services claims for RA (ICD-9 code 714), at
least one of which was submitted by a specialist (rheumatol-
ogist, general internist, or orthopedic surgeon) within a 2-year
period or if they had one or more hospitalizations with a di-
agnosis of RA (ICD-9 code 714, ICD-10 codes:M05,M06) in
any of the up to 25 diagnosis fields. When an individual met
both the physician visit and hospitalization criteria, the earliest
occurrence was taken as the index date of diagnosis. For in-
clusion in this cohort, individuals were required to be age 18
or older on the index date of their RA diagnosis and have
uninterrupted health insurance coverage (i.e., a gap of nomore
than three consecutive days in coverage) from the date of their
diagnosis until March 31, 2015 or their exit from the cohort.

To distinguish incident from prevalent RA, a lead time of
2 years was used based on the clinical judgement that a person
is unlikely to go more than 2 years without seeking medical
attention for their newly developing RA. Individuals having 2
or more years of insurance coverage prior to their diagnosis of
RAwere identified as having incident RA. Anyone with less

than 2 years of health insurance prior to their diagnosis with
RAwas included in the cohort to ensure prevalence estimates
in subsequent years were accurate. They were included in
incidence estimates, although they were flagged to determine
the potential overestimation of the incidence of RA.

DeathThe date of death was identified from the Vital Statistics
Registry. An individual who died between April 1 and
March 31 of the following year was described as having died
in that fiscal year.

Covariates

Descriptive variables were identified for each member of the
cohort. All variables were determined on the day of RA diag-
nosis. These included age (categories 18– < 45, 45– < 55, 55–
< 65, 65– < 75, 75+ years), sex (male, female), insurance cov-
erage (< 2 years, 2+ years), location of residence (urban, rural,
missing), and regional health authority (RHA) of residence.
Age, sex, and insurance coverage were obtained from the
Person Health Registration System. Designation of location
of residence as urban or rural was determined using Statistics
Canada categorizations (Statistics Canada 2016). An individ-
ual was identified as living in an urban area if their postal code
was for a CensusMetropolitan Area or Census Agglomeration
Area with a population of 10,000 or more. Due to low popu-
lation numbers in the three most northern health regions
(Athabasca Health Authority, Keewatin Yatthé and
Mamawetan Churchill River Regional Health Authorities),
the data for these regions were collapsed into a single category
labeled BNorthern Saskatchewan.^

Statistical Analysis

Demographic characteristics of the cohort were described for
each fiscal year of the cohort. The bivariate associations of
these characteristics when a person was first diagnosed with
RAwere tested using analysis of variance (ANOVA) for one
categorical and one continuous variable and the chi-square test
for two categorical variables. Statistical significance was set at
p < 0.05.

The incidence rate of RA per 100,000 population at risk
(PAR) was calculated for each fiscal year. As an example, in
FY0102, the numerator is the number of people alive on April
1, 2001 who were diagnosed with RA between April 1, 2001
and March 31, 2002, inclusive. The denominator (i.e., the
population at risk to develop RA) includes all individuals aged
18 years or older on April 1, 2001 with at least 1 day of health
insurance coverage within the fiscal year after removing indi-
viduals with prevalent RA. The FY0102 population data was
used as the reference for directing standardization of subse-
quent years.
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The prevalence rate of RA per 100,000 PARwas calculated
for each fiscal year. As an example, in FY0102, the numerator
is the number of people alive on April 1, 2001 who were
diagnosed with RA prior to April 1, 2001. Prevalence for this
time-point was traced back to April 1, 1996. The denominator
includes all individuals aged 18 years or older on April 1,
2001 with at least 1 day of health insurance coverage within
the fiscal year in order to ensure maximal sensitivity in iden-
tification of the general population denominator. Prevalent
cases were carried forward each year unless they died or had
a gap in their health coverage longer than 3 days. This crite-
rion was selected as people in SK retain uninterrupted cover-
age with gaps of a day or two in their provincial health insur-
ance. However, employing a greater than 3-day exclusion cri-
terion minimized risk of inaccuracies in cohort integrity
through re-issuing of inactive health card numbers for new
provincial residents.

Crude and adjusted incidence, prevalence rates, and
95% confidence intervals (95% CIs) were calculated for
FY0102 to FY1415. Rates were stratified by sex (male,
female), location of residence (urban, rural), and health
region. Rates were adjusted to the age and sex distribu-
tion of the Saskatchewan population standard from fis-
cal year 2001/2002. Sex-stratified rates were also adjust-
ed for age. The FY0102 population data was used as
the reference for directing standardization of subsequent
years.

All analyses were performed at the Saskatchewan
Health Quality Council using SAS© statistical software,
version 9.3 (SAS Institute Inc. SAS. Cary, NC: SAS
Institute Inc.; 2007).

This study complies with the Declaration of Helsinki and
was approved by the University of Saskatchewan Biomedical
Research Ethics Board.

Fig. 1 Incidence rates (age and
sex adjusted) for RA in
Saskatchewan health regions
between FY0102 and FY1415

Fig. 2 Prevalence rates (age and
sex adjusted) for RA in
Saskatchewan health regions
between FY0102 and FY1415
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Results

The cohort comprised 5757 people diagnosed with RA be-
tween April 1, 2001 and March 31, 2015. There were 3731
people diagnosed with RA between April 1, 1996 and
March 31, 2001 and these were identified as having prevalent
RA in FY0102.

Demographic characteristics were relatively stable over the
15-year period. In each fiscal year, women comprised roughly
two thirds of incident cases, as did people living in an urban
centre. The two largest RHAs—Saskatoon and Regina
Qu’Appelle—together accounted for approximately half of
incident RA cases. The proportion of incident RA cases with
less than 2 years of health insurance prior to their diagnosis in
each fiscal year ranged from 3.3 to 8.2%, with a mean of
5.9%.

Bivariate analyses (data not shown) revealed that women
were, on average, younger thanmen when diagnosed with RA
(58.6 vs 60.7 years) (p < 0.0001), as were individuals with <

2 years of prior insurance compared to those with 2+ years
(48.8 vs 59.8 years) (p < 0.0001). Women were also more
likely than men to live in an urban area (61.8 vs 57.5%)
(p = 0.0004) and have < 2 years of insurance coverage prior
to their diagnosis (74.2 vs 69.9%) (p < 0.0001). No other bi-
variate associations were statistically significant.

Incidence rates for RA fluctuated from year to year for the
province and individual health regions but appeared generally
to be higher in the Northern Saskatchewan health regions (Fig.
1). The female-to-male incidence ratio was approximately 2:1
in both urban and rural residential areas.

There is a trend towards increased RA prevalence over the
time period studied for the province as a whole and in each
health region (Fig. 2). For FY0102, the adjusted prevalence
rate for Saskatchewan was 482.0 per 100,000 PAR (95%CI
466.7–497.7); this steadily increased each year to an adjusted
prevalence rate of 683.4 (95% CI 666.6–700.6) in FY1415
(Table 1). There was variation in prevalence between health
regions, with the Northern Saskatchewan health regions
(Athabasca, Keewatin Yatthe, and Mamawetan Churchill
River) having the highest rates and the three Southern
Health Regions (Sun Country, Five Hills, and Regina
Qu’Appelle) having the lowest prevalence rates (Fig. 3).

When examining the trends over time, it appears there is a
small but consistently higher prevalence of RA in rural resi-
dents compared to urban over the time period examined. This
is apparent for both genders but is greater for women, with no
overlap in prevalence rate confidence intervals between rural
and urban women from FY0506 onwards (Fig. 4). Higher
prevalence rates were observed in the older age categories.

Discussion

Overall, for the province as a whole, our incidence and prev-
alence rates for RA are consistent with ranges reported from
other jurisdictions both within Canada and the USA
(Bernatsky et al. 2014; Widdifield et al. 2014; Myasoedova
et al. 2010). However, in this geographic study of RA in
Saskatchewan, we have found a general increase in prevalence
rates moving north through the province. A similar trend for
higher prevalence rates in the north has also been reported by
Vieira for American RA patients (Vieira et al. 2010). An in-
creased prevalence trend in rural over urban Saskatchewan
populations was observed, which is consistent with the overall
geographic regional findings within the province. This is in
contrast to the recent findings of lower prevalence in rural
compared to urban Quebec populations (Bernatsky et al.
2014). There are a number of potential geographically linked
influences of particular relevance that may contribute to this
observed prevalence gradient in the Saskatchewan environ-
mental context.

Fig. 3 FY1415 prevalence (age and sex adjusted) of rheumatoid arthritis
per 100,000 population, in Saskatchewan health regions
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Saskatchewan has substantial agricultural and mining ac-
tivities. Regional variation in agricultural practices with crop/
livestock farming and possibly varying intensities of pesticide/
herbicide utilization have been postulated to have some asso-
ciation with RA prevalence (Taylor-Gjevre et al. 2015;
Khuder et al. 2002; Parks et al. 2016). Mining activities in
the province, including hard rock mining, may also contribute
to a provocative environment for development of autoimmune
disease (Klockars et al. 1987; Yahya et al. 2014). In other
settings, air pollution and traffic pollution have been linked
to increased risk of RA development (Hart et al. 2009).
Prevalence of cigarette smoking exposure in the Northern re-
gions of the province may possibly contribute to increased
risk. There is some information to suggest cigarette smoking
is more widespread in Northern Canada than in more south-
erly regions (Deering et al. 2009). Cigarette smoking exposure
has been well recognized to play a causal role in development
of RA (Di Giuseppe et al. 2014). There has been some evi-
dence that tuberculosis exposure, which has been higher in the
North, has also been linked to RA incidence (Shen et al. 2015;
Long et al. 2013).

Genetic predisposition towards RA expression and ethnic
variation between health regions may also contribute to vari-
ation in prevalence between areas. Some of this variation may
relate to familial clustering related to settler patterns or to
Indigenous communities within the province. There have been

higher incidence/prevalence RA rates identified in some
Indigenous populations in Canada (Barnabe et al. 2008).
Greater proportions of Indigenous residents in Northern re-
gions may contribute to some of the higher prevalence trends
we observed.

Lower socio-economic conditions, including during child-
hood, have also been associated with higher risk for develop-
ment of RA in adulthood (Parks et al. 2013). It is likely that
one or more of these exposures or circumstances associated
with risk of RA may be contributing to the variation in geo-
graphic prevalence that is described in this study. Evaluation
of the relative contributions of these environmental and expo-
sure factors towards the prevalence of RA in different geo-
graphic regions was beyond the scope of this current study.

Although the results from this study are in general agree-
ment with incidence and prevalence data from other locations
in North America derived from administrative data sources, it
should be acknowledged that this study relies on the case
definition for RA without capacity for clinical or serologic
verification. This may result in under- or overestimation of
disease. Our case definition included not only rheumatologist
diagnosis of RA but also orthopedist and internal medicine
specialist. This definition varied from the required rheumatol-
ogist diagnosis definition employed in some other studies
(Bernatsky et al. 2014; Widdifield et al. 2014; Myasoedova
et al. 2010; Lix et al. 2006). This variation was primarily

Fig. 4 Sex- and rural/urban-
stratified prevalence rates (age
adjusted) for RA in Saskatchewan
between FY0102 and FY1415
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selected due to a unique administrative coding environment
during the study period in Saskatchewan, where many rheuma-
tologists would not be distinguished within the database from
internal medicine specialists. Additionally, given the relatively
small populations in some health regions, the rate determina-
tions as suggested by the wider 95%CIs seen for some regional
rates may be potentially less reliable.

We observed gender differences in incidence/prevalence
rate, as expected based on other epidemiologic studies
(Bernatsky et al. 2014; Widdifield et al. 2014; Myasoedova
et al. 2010). The increased incidence and prevalence rates in
the older age categories are also consistent with findings from
other investigators (Widdifield et al. 2014; Doran et al. 2002).

The data gathered on prevalence within provincial geo-
graphic jurisdictions will assist with planning future
healthcare service delivery and access for people with RA
living in more remote or rural locations in Saskatchewan.
Further exploration of exposures or conditions contributing
to variation in incidence/prevalence of RA may provide in-
sight into modifiable influences impacting development of
autoimmune disease in these regions.
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