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Abstract
Objectives To estimate provincial all-cause mortality rates of Saskatchewan people with rheumatoid arthritis (RA) for compar-
ison with the general population over time and between different geographic regions.
Methods Saskatchewan provincial administrative health databases (2001–2019) were utilized as data sources. Two RA case
definitions were employed: (1) ≥ 3 physician billing diagnoses, at least 1 from a specialist (rheumatologist, general internist or
orthopaedic surgeon) within 2 years; (2) ≥ 1 hospitalization diagnosis (ICD-9 code 714, and ICD-10-CA codes M05, M06). Data
from these definitions were combined to create an administrative data RA cohort. All-cause mortality rates across geographic
regions, between rural/urban residences and between sexes were examined.
Results Over an 18-year span, between fiscal-year 2001–2002 and fiscal-year 2018–2019, age- and sex-adjusted mor-
tality rates ranged from 17.10 to 21.04 (95% CI 14.77, 19.44; 18.03, 24.05)/1000 RA person-years, compared with
mortality rates for the general Saskatchewan population without RA, which ranged from 9.37 to 10.88 (95% CI 9.23,
9.51; 10.72, 11.05)/1000 person-years. Fiscal-year mortality rate ratios ranged from 1.82 to 2.13 (95% CI 1.56, 2.13;
1.83, 2.46). Provincial mortality rates were higher in men than in women for both general and RA populations. Northern
Saskatchewan mortality rates were significantly higher in the general population but did not achieve significance
compared with other provincial regions for the RA population. Regression analysis identified age, male sex, RA and
geographic region as factors contributing to increased mortality. A trend towards lower mortality rates over time was
observed.
Conclusion Highermortality rates were observed in the RA population overall. Men had higher mortality rates, as did residents of
Northern Saskatchewan compared with residents of other regions for the general population.

Résumé
Objectifs Estimer les taux de mortalité provinciaux, toutes causes confondues, des habitants de la Saskatchewan atteints de
polyarthrite rhumatoïde (PR) pour les comparer aux taux dans la population générale au fil du temps et entre différentes régions
géographiques.
Méthode Nos données sont extraites des bases de données administratives sur la santé de la Saskatchewan (2001–2019). Deux
définitions de cas ont été employées pour la PR : 1) ≥ 3 factures de diagnostic médical, dont au moins une d’un(e) spécialiste
(rhumatologue, interniste général[e] ou chirurgien[ne] orthopédiste) en l’espace de deux ans; 2) ≥ 1 diagnostic d’hospitalisation
(code CIM-9 714 et codes CIM-10-CAM05 etM06). Les données de ces définitions ont été combinées pour créer une cohorte de
personnes atteintes de PR dans les données administratives. Les taux de mortalité toutes causes confondues entre les régions
géographiques, entre les lieux de résidence urbains et ruraux et entre les sexes ont été examinés.
Résultats En l’espace de 18 ans, entre les exercices 2001-2002 et 2018-2019, les taux de mortalité rajustés selon l’âge et le sexe
ont varié entre 17,10 et 21,04 (IC de 95% : 14,77-19,44; 18,03-24,05)/1000 personnes-années pour les personnes atteintes de PR,
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tandis que les taux de mortalité de la population générale de la Saskatchewan non atteinte de PR se sont situés entre 9,37 et 10,88
(IC de 95 % : 9,23-9,51; 10,72-11,05)/1000 personnes-années. Les rapports de taux de mortalité par exercice ont varié entre 1,82
et 2,13 (IC de 95% : 1,56-2,13; 1,83-2,46). Les taux de mortalité provinciaux des hommes étaient supérieurs à ceux des femmes,
tant dans la population générale que chez les personnes atteintes de PR. Les taux de mortalité dans le Nord de la Saskatchewan
étaient sensiblement plus élevés que dans les autres régions de la province pour la population générale, mais pas sensiblement
plus élevés pour la population atteinte de PR. Selon les analyses de régression, l’âge, le sexe masculin, la PR et la région
géographique étaient des facteurs contribuant à une mortalité accrue. Une tendance à la baisse des taux de mortalité au fil du
temps a été observée.
Conclusion Dans la population atteinte de PR, des taux de mortalité plus élevés ont été observés globalement. Dans la population
générale, les taux de mortalité des hommes et ceux des résidents du Nord de la Saskatchewan étaient plus élevés que ceux des
résidents des autres régions.
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Introduction

Rheumatoid arthritis (RA) is the most common of the
chronic autoimmune inflammatory arthropathies having
approximate prevalence of 0.7% in the Saskatchewan pro-
vincial population among people aged 18 and older (Nair
et al. 2019). Saskatchewan is a geographically diverse
province, with nearly half of the population located in the
more southern and central urban centres, Saskatoon and
Regina. A higher prevalence of RA has been observed in
the northern areas of the province (Taylor-Gjevre et al.
2018). Concerningly, inequities in access to healthcare
have been perceived by northern and rural Saskatchewan
people with RA (Nair et al. 2016). In terms of health-
related outcomes, premature and increased mortality has
been associated with RA in other jurisdictions (Ogdie
et al. 2017; van den Hoek et al. 2017; Jean et al. 2017;
Widdifield et al. 2015). Mortality within the general popu-
lation of Saskatchewan is in keeping with that seen in many
Canadian provinces (Statistics Canada 2017); however,
provincial mortality rates within the RA population based
on administrative provincial population health data have
not been previously studied. One clinical practice-based
incidence cohort estimate of mortality rates was reported
in 1994 and found to be higher than the general population
at that time (Wolfe et al. 1994).

The objectives of this study were to estimate Saskatchewan
provincial all-cause mortality rates among people with RA
and determine how mortality rates compared with the general
provincial population without RA and additionally whether
rates varied over the study time period or among geographic
regions. Consideration of mortality and any associated geo-
graphic variation may influence further healthcare initiatives
towards early diagnosis and treatment of both RA and associ-
ated co-morbidities.

Methods

This study complies with the Declaration of Helsinki and was
approved by the University of Saskatchewan Biomedical
Research Ethics Board (BIO-REB 13-336).

This epidemiologic study of Saskatchewan RA populations
is the third in a series utilizing similar methodologic and ad-
ministrative data resources. Earlier studies include examina-
tion of incidence and prevalence both over time (Nair et al.
2019) and by geographic region within the province (Taylor-
Gjevre et al. 2018).

Setting and design

Saskatchewan had a total population of approximately 1.18
million in 2019 (Statistics Canada 2020). A 2016 population
estimate suggests half of provincial residents live outside the
cities of Regina or Saskatoon (Canada: Metropolitan Areas
(Population Estimates) 2020). All Saskatchewan residents
are eligible for provincial insurance benefits with the excep-
tion of those who receive these benefits from the federal gov-
ernment (i.e., military personnel, federal penitentiary inmates
and, until April 1, 2013, members of the Royal Canadian
Mounted Police). All Saskatchewan health insurance benefi-
ciaries are eligible for provincial prescription drug benefits
except those who receive prescription drug benefits from the
federal government (e.g., First Nations people who have a
treaty relationship with the federal government, certain drugs
for veterans). Despite the different source of funding, all their
health information is still captured in all the administrative
databases with the one caveat that prescription drug informa-
tion for these groups is not available prior to 2008.

A Saskatchewan provincial population-based RA cohort
study was undertaken to evaluate various epidemiologic
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parameters, including mortality rates between April 1, 2001
and March 31, 2019. Temporal trends for mortality in the RA
cohort were examined for the population overall, as well as
through stratification by sex, by urban versus rural location of
residence, and by geographic region of residence.

Subjects and data sources

This retrospective, population-based cohort study was per-
formed employing Saskatchewan provincial health administra-
tive databases organized by fiscal year, for the periods of
April 1, 2001 up until March 31, 2019. These databases can
be linked through encrypted unique personal health insurance
numbers. Provincial health administrative databases utilized for
this study included the Discharge Abstract Database (DAD),
the physician Medical Services Database (MSD) and the
Person Health Registration System (PHRS).

The DAD incorporates detailed hospitalization data. Until
March 31, 2001, diagnoses were recorded in compliance with
the International Classification of Diseases 9th revision (ICD-
9). The International Classification of Diseases, 10th revision,
Canadian Version (ICD-10-CA) was then introduced. From
April 1, 2001 until March 31, 2002, approximately 70% of
records were coded in ICD-10-CA. After April 1, 2002, vir-
tually all records are recorded in the ICD-10-CA format. The
database contains detailed diagnostic information.

The MSD records physician services data. Physicians paid
on a fee-for-service basis submit billing claims to the provin-
cial health ministry utilizing three-digit ICD-9 codes for each
diagnosis. Salaried physicians often submit ‘shadow’ billing
claims for administrative purposes.

The PHRS captures characteristics of each insured individ-
ual, including their age, sex and the first 3 digits of their postal
code, which is used to determine rural versus urban location of
residence, as well as where in the province the person resides
(i.e., geographic location of residence). The PHRS also con-
tains dates of coverage within the provincial health insurance
plan. Date of death was identified from multiple administra-
tive databases including the PHRS and DAD.

RA 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). This study
did not include further validation of this case definition for
RA; however, utilization of this case definition identified a
0.7% prevalence estimate for RA in Saskatchewan, which
was comparable to that of studies in other jurisdictions (Nair
et al. 2019). These studies in other regions, which did encom-
pass a validation component for this RA case definition, in-
cluded administrative health database studies in Ontario and
Quebec (Jean et al. 2017; Widdifield et al. 2013). Increased

specificity has been associated with a RA case definition with
two or more physician diagnoses and includes at least one
specialist diagnosis (Kroeker et al. 2017) which is a compo-
nent of the RA case definition associated with this study.

RA case definition 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 special-
ist (rheumatologist, general internist or orthopaedic surgeon)
within a 2-year period, or if they had one or more hospitaliza-
tions with a diagnosis 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 inclusion in this cohort, individuals were
required to be aged 18 or older on the index date of their RA
diagnosis and have uninterrupted health insurance coverage
(i.e., a gap of no more than three consecutive days in cover-
age) from the date of their diagnosis until March 31, 2019, or
their exit from the cohort in the form of their loss of health
insurance or death. A 3-day gap was allowed because it is not
uncommon for insured people in Saskatchewan to have a gap
of a day or two in their health insurance, yet still receive
medical services and have that encounter recorded in the ad-
ministrative databases during the gap.

Death The date of death was identified from multiple admin-
istrative databases, including the PHRS and DAD. An indi-
vidual who died between April 1 and March 31 of the follow-
ing year was described as having died in that fiscal year. For
example, a person who died on or between April 1, 2001 and
March 31, 2002 was described as dying in FY 0102.

Co-variates

Descriptive variables were identified for each member of
the cohort. All variables were determined on the day of
RA diagnosis. These included age, sex (male, female),
location of residence (urban, rural, missing) and geograph-
ic region of residence (South Saskatchewan, Regina area,
Cent ra l Saska tchewan, Saska toon area , Nor th
Saskatchewan and Far North Saskatchewan). We com-
bined North and Far North Saskatchewan regions together
because of the relatively small number of residents in the
Far North. Age, sex, and insurance coverage were obtain-
ed from the Person Health Registration System.
Geographic region of residence was identified from the
postal code. Urban versus rural location of residence was
determined using Statistics Canada categorizations
(Statistics Canada 2016). An individual was identified as
living in an urban area if their postal code was for a
census metropolitan area or census agglomeration with a
population of 10,000 or more.
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Statistical analysis

Crude mortality rates and 95% confidence intervals (95% CI)
were calculated in 2-year groupings from FY0102 to FY1819
for both the RA cohort and the Saskatchewan general population
without RA. Rates were age- and sex-adjusted to the structure of
the FY0102 Saskatchewan general population without RA.
Mortality rates were expressed as the number of deaths per
1000 person-years for each 2-year grouping within the study
period. For variables with a small number of deaths in each
strata—specifically geographic region as well as the combination
of sex and urban versus rural location of residence—rates were
calculated within three 5-year groupings and one 3-year group:
(1) FY0102-FY0506 (FY0105), (2) FY0607-FY1112 (FY0610),
(3) FY1112-FY1516 (FY1115), and (4) FY1617-FY1819
(FY1618). The average adjusted mortality rates were calculated
by counting the number of deaths in each 2- or 5-year period and
dividing them by the number of person-years in that same 2- or
5-year period. Mortality rate ratios were calculated by dividing
age- and sex-adjusted mortality rates for the RA cohort by those
of the general population without RA. A ratio value of greater
than 1.0 indicates ‘excess deaths’ in the disease-specific popula-
tion. Multivariable Poisson regression was used to examine the
effects of these variables uponmortality rates over time.We used
the negative binomial distribution to account for overdispersion.

All analyses were performed using SAS© statistical soft-
ware, version 9.4 (SAS Institute Inc., Cary, NC, 2007).

Results

The RA cohort was composed of 9720 people with diagnoses
of RA between April 1, 2001 and March 31, 2019.

Mortality rates in the RA and the general population

The total number of deaths and crude and adjusted mortality
rates in both the RA population and the general population
without RA are reported in 2-year groupings in Table 1. At
this provincial level, adjusted RA mortality rates ranged over
the 18-year span from a low of 17.10 (95%CI 14.77, 19.44) to
a high of 21.04 per 1000 person-years (95% CI 18.03, 24.05).
RAmortality rates were significantly higher than those seen in
the general populationwithout RA (Fig. 1). The higher rates in
the RA population result in elevated standardized mortality
rate ratios (MRRs). The standardized MRRs did not change
significantly over the study period as reflected in Fig. 2.
MRRs ranged from a low of 1.82 (95% CI 1.56, 2.13) to a
high of 2.13 (95% CI 1.83, 2.46).

Impact of sex on mortality rates in the RA and in the
general population

When stratified by sex, men consistently had a higher mortality
rate than women in both the RA cohort and general population
without RA (Fig. 1). Men and women with RA had higher
standardized mortality rates overall compared with their counter-
parts in the general population without RA (Table 2).

Impact of rural versus urban residence on mortality
rates for RA and for general population

Stratification by urban versus rural location of residence re-
vealed no significant difference in mortality rates for those
living in either environment (Table 3). When urban/rural sta-
tus was further substratified by sex, elevated mortality rates
were found for men versus women irrespective of urban/rural
status (Fig. 3).

Table 1 Mortality rates in the Saskatchewan RA and general populations

FY People with RA General population of SK without RA Mortality rate ratio

#
deaths

#
person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

#
deaths

# person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

RR 95%
LCL

95%
UCL

All

FY0102–FY0203 320 8066 39.67 20.23 17.27 23.20 16,978 1,558,872 10.89 10.85 10.69 11.02 1.86 1.61 2.16

FY0304–FY0405 342 9237 37.03 19.85 16.81 22.90 17,307 1,563,084 11.07 10.88 10.72 11.05 1.82 1.56 2.13

FY0506–FY0607 400 10,061 39.76 21.04 18.03 24.05 17,253 1,580,410 10.92 10.58 10.42 10.74 1.99 1.72 2.30

FY0708–FY0809 397 10,654 37.26 19.68 16.80 22.56 17,580 1,632,558 10.77 10.51 10.35 10.66 1.87 1.62 2.17

FY0910–FY1011 450 11,388 39.52 19.51 17.03 22.00 17,498 1,686,126 10.38 10.21 10.06 10.36 1.91 1.68 2.17

FY1112–FY1213 421 12,524 33.62 18.41 15.77 21.05 17,716 1,762,140 10.05 10.02 9.87 10.17 1.84 1.59 2.12

FY1314–FY1415 492 13,790 35.68 20.83 17.79 23.87 17,789 1,834,299 9.70 9.80 9.66 9.95 2.13 1.83 2.46

FY1516–FY1617 560 15,490 36.15 19.47 16.86 22.08 17,860 1,875,539 9.52 9.61 9.46 9.75 2.03 1.77 2.32

FY1718–FY1819 544 17,541 31.01 17.10 14.77 19.44 17,891 1,899,643 9.42 9.37 9.23 9.51 1.83 1.59 2.10

FY, fiscal year; RA, rheumatoid arthritis; SK, Saskatchewan; LCL, lower confidence limit; UCL, upper confidence limit; RR, rate ratio
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Impact of geographic region of residence onmortality
rates for RA and for general population

Stratification by geographic region of residence (Table 4)
found that among people with RA, those living in South
Saskatchewan had the lowest rates, ranging from 11.91

(95% CI 9.56, 14.25) to 15.92 (95% CI 13.41, 18.43) deaths
per 1000 person-years in the 4 study periods, while those in
the North and Far North of the province had the highest, rang-
ing from 20.71 (95% CI 17.14, 24.27) to 23.14 (95% CI
19.68–26.60) deaths per 1000 person-years. In the general
population without RA, a decreasing mortality rate over time

Table 2 Mortality rates in RA and general populations stratified by sex

FY People with RA General population of SK without RA Mortality rate ratio

#
deaths

#
person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

#
deaths

#
person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

RR 95%
LCL

95%
UCL

Male
FY0102–FY0203 114 2246 50.76 24.10 18.63 29.58 8905 771,324 11.55 13.63 13.34 13.92 1.77 1.41 2.22
FY0304–FY0405 128 2584 49.54 25.50 19.71 31.28 8955 773,068 11.58 13.56 13.27 13.84 1.88 1.50 2.36
FY0506–FY0607 131 2797 46.84 23.82 18.44 29.19 8808 782,812 11.25 13.06 12.78 13.33 1.82 1.45 2.29
FY0708–FY0809 132 2964 44.53 22.64 17.38 27.90 8969 812,513 11.04 12.85 12.58 13.12 1.76 1.39 2.22
FY0910–FY1011 145 3191 45.44 21.49 17.16 25.83 8921 842,554 10.59 12.37 12.11 12.64 1.74 1.42 2.13
FY1112–FY1213 142 3540 40.11 19.99 15.52 24.46 8987 886,725 10.14 12.05 11.80 12.31 1.66 1.32 2.08
FY1314–FY1415 192 3939 48.74 26.43 20.85 32.01 9051 927,279 9.76 11.67 11.42 11.91 2.27 1.83 2.80
FY1516–FY1617 207 4437 46.65 24.04 19.16 28.91 9144 948,786 9.64 11.38 11.14 11.62 2.11 1.72 2.59
FY1718–FY1819 191 5109 37.39 19.57 15.35 23.80 9320 962,014 9.69 11.14 10.91 11.37 1.76 1.41 2.18

Female
FY0102–FY0203 206 5820 35.40 17.12 14.30 19.94 8073 787,548 10.25 8.73 8.54 8.92 1.96 1.66 2.31
FY0304–FY0405 214 6653 32.17 14.64 12.37 16.91 8352 790,016 10.57 8.87 8.68 9.07 1.65 1.41 1.93
FY0506–FY0607 269 7264 37.03 18.94 15.87 22.01 8445 797,598 10.59 8.73 8.54 8.92 2.17 1.84 2.55
FY0708–FY0809 265 7690 34.46 17.37 14.72 20.02 8611 820,045 10.50 8.72 8.53 8.91 1.99 1.71 2.32
FY0910–FY1011 305 8197 37.21 18.06 15.31 20.80 8577 843,572 10.17 8.55 8.37 8.74 2.11 1.81 2.46
FY1112–FY1213 279 8984 31.06 17.20 14.20 20.21 8729 875,415 9.97 8.48 8.30 8.67 2.03 1.70 2.42
FY1314–FY1415 300 9851 30.45 16.24 13.64 18.84 8738 907,020 9.63 8.37 8.19 8.54 1.94 1.65 2.28
FY1516–FY1617 353 11,053 31.94 15.48 13.45 17.50 8716 926,753 9.40 8.25 8.07 8.42 1.88 1.64 2.14
FY1718–FY1819 353 12,432 28.39 14.95 12.85 17.05 8571 937,629 9.14 8.00 7.83 8.18 1.87 1.62 2.15

Table 3 Mortality rates for Saskatchewan RA and general populations stratified by urban/rural residence

FY People with RA General population of SK without RA Mortality rate ratio

#
deaths

#
person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

#
deaths

# person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

RR 95%
LCL

95%
UCL

Urban
FY0102–FY0203 196 4940 39.68 21.58 17.24 25.93 10,613 981,447 10.81 11.20 10.98 11.41 1.93 1.58 2.36
FY0304–FY0405 223 5688 39.21 20.08 16.39 23.76 11,003 989,437 11.12 11.26 11.05 11.47 1.78 1.48 2.15
FY0506–FY0607 259 6183 41.89 20.93 17.36 24.51 10,934 1,006,410 10.86 10.82 10.61 11.02 1.94 1.63 2.30
FY0708–FY0809 263 6597 39.87 20.86 17.29 24.42 11,235 1,049,290 10.71 10.69 10.49 10.89 1.95 1.64 2.32
FY0910–FY1011 278 6953 39.98 18.92 16.24 21.61 11,172 1,093,072 10.22 10.26 10.07 10.45 1.84 1.60 2.13
FY1112–FY1213 254 7712 32.94 16.30 13.80 18.80 11,426 1,150,001 9.94 10.08 9.90 10.27 1.62 1.39 1.89
FY1314–FY1415 299 8603 34.76 19.88 16.24 23.52 11,553 1,212,658 9.53 9.84 9.65 10.02 2.02 1.68 2.43
FY1516–FY1617 341 9729 35.05 19.09 15.58 22.60 11,655 1,247,852 9.34 9.62 9.44 9.80 1.98 1.65 2.39
FY1718–FY1819 367 11,129 32.98 17.20 14.54 19.86 11,633 1,271,172 9.15 9.35 9.18 9.52 1.84 1.57 2.15

Rural
FY0102–FY0203 122 3016 40.45 19.00 15.36 22.65 6246 530,736 11.77 10.52 10.25 10.78 1.81 1.49 2.19
FY0304–FY0405 113 3445 32.80 19.71 13.98 25.45 6195 528,029 11.73 10.48 10.21 10.74 1.88 1.41 2.52
FY0506–FY0607 139 3765 36.92 21.72 15.83 27.60 6199 522,362 11.87 10.43 10.17 10.69 2.08 1.59 2.73
FY0708–FY0809 131 3953 33.14 18.38 12.98 23.79 6185 526,443 11.75 10.41 10.14 10.67 1.77 1.32 2.37
FY0910–FY1011 168 4279 39.26 22.06 16.31 27.82 6123 530,584 11.54 10.34 10.07 10.60 2.13 1.64 2.77
FY1112–FY1213 162 4588 35.31 23.06 16.25 29.87 6093 537,516 11.34 10.22 9.96 10.48 2.26 1.68 3.03
FY1314–FY1415 190 4916 38.65 23.75 17.88 29.61 5997 546,811 10.97 9.99 9.74 10.25 2.38 1.85 3.05
FY1516–FY1617 209 5398 38.72 19.26 16.29 22.22 5940 548,872 10.82 9.82 9.56 10.08 1.96 1.68 2.29
FY1718–FY1819 166 5971 27.80 17.66 12.22 23.11 5910 551,403 10.72 9.55 9.30 9.80 1.85 1.36 2.52
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was found in all regions (Fig. 4). Saskatoon area had the
lowest adjusted mortality rates in FY1618 (9.05 deaths per
1000 person-years; 95% CI 8.84, 9.26) while the North and
Far North had the highest (10.24 deaths per 1000 person-
years; 95% CI 9.97, 10.52). The standardized mortality rate
ratios over time for men and women combined and separately
remained stable.

Regression analysis

Negative binomial regression of the number of deaths found
the presence of RA, age, sex, region of residence and time had
a statistically significant association (Table 5). Increased mor-
tality was statistically significantly associated with the pres-
ence of RA (80% increase; 95% CI 1.73, 1.87), increasing
age, male sex (49% increase; 95% CI 1.45, 1.53) and geo-
graphic region. Compared with the Saskatoon area, the largest
urban centre in the province, mortality was higher in Central
Saskatchewan (5% increase; 95% CI 1.01, 1.09), Regina area
(7% increase; 95% CI 1.03, 1.11) and North and Far North
Saskatchewan (18% increase; 95% CI 1.13, 1.23). After ad-
justment for RA, age, sex and geographic region, mortality
showed a statistically significant progressive decrease over
the study period (13% decrease in FY1618; 95% CI 0.83,
0.90).

When stratified by sex, the variables associated with mor-
tality and their magnitude were similar between men and

women (Table 6). Both men and women showed a statistically
significant decrease in mortality over time, but the decrease
was greater by FY1619 among men (17% decrease; 95% CI
0.79, 0.86) than among women (9% decrease; 95% CI 0.87,
0.95).

Discussion

In this administrative data study of the Saskatchewan popula-
tion, people with RA had significantly higher mortality rates
than observed in the general population. Increasedmortality in
RA has been reported internationally. Dadoun et al. in a meta-
analysis of mortality studies determined a meta-standardized
mortality ratio (SMR) of 1.47 for RA populations (Dadoun
et al. 2013). In a North American (USA) Olmstead County
RA inception cohort, Gonzalez et al. reported a SMR of 1.27
(Gonzalez et al. 2007).

Within the Canadian environment, standardized mortality
rates in RA populations in Ontario (1996–2009) were reported
at between 9.2 and 13 deaths/1000 RA cases per year
(Widdifield et al. 2015). Similar standardized rates were ob-
served in Quebec (2001–2015), ranging between 8.3 and 11.8
deaths/1000 RA cases/year (Jean et al. 2017). In British
Columbia (1996–2006), all-cause mortality rates of 24.43
deaths/1000 person-years and a mortality rate ratio of 1.18
were identified (Lacaille et al. 2017). The Saskatchewan
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adjusted RA mortality rates identified in this 18-year study
were generally comparable, although higher MRRs were
observed.

There were some differences between the four provincial
Canadian studies, including variations in the case definitions,
in the reference populations for standardization of rates, and in
the age restrictions for inclusion (Jean et al. 2017; Widdifield
et al. 2015; Lacaille et al. 2017). These variations may con-
tribute to some of the differences observed between the
jurisdictions.

Within this study, regression analysis indicated 80% in-
crease in mortality associated with RA diagnosis in the
Saskatchewan population. The reasons for the increased mor-
tality observed in RA populations have been identified in part
and at various points as relating to cardiovascular disease,
respiratory disorders, infection and neoplastic disease (Ogdie
et al. 2017; Wolfe et al. 1994; Lacaille et al. 2017; Maradit-
Kremers et al. 2005). There is some evidence, perhaps related
to advances in RA therapy, that mortality rates may be im-
proving for more recent RA inception cohorts (Lacaille et al.
2017).

Men, in both the general population and the RA popula-
tion, were found to have higher mortality rates than their fe-
male counterparts. No significant difference in mortality rate
based on broad categorization of urban versus rural residence
was observed for either men or women. This was consistent
between both the general population and the RA population
and may be influenced by the population density or distribu-
tionwithin the provincial regions. Considering provincial geo-
graphic regions separately, it was observed that the northern
regions had significantly higher general population mortality
rates than the central and southern regions. Within the RA
population, the adjusted mortality rates were also higher in
the northern regions; however, in keeping with the smaller
population size, the confidence intervals were wider and the
difference between regions did not achieve significance.
Regression analysis indicated, compared with the Saskatoon
area, a 5% increase in mortality in central Saskatchewan, a 7%
increase in the Regina area and an 18% increase in the north-
ern regions.

Geography was noted as a determinant of health status in
the 2002 Commission on the Future of Health Care in Canada.

Table 4 Mortality rates for Saskatchewan RA and general population stratified by geographic regions

FY People with RA General population of SK without RA Mortality rate ratio

#
deaths

#
person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

#
deaths

# person-
years

Crude
rate

Adjusted
rate

95%
LCL

95%
UCL

RR 95%
LCL

95%
UCL

All
FY0102–FY0506 853 22,262 38.32 20.20 18.30 22.11 42,820 3,913,146 10.94 10.80 10.70 10.90 1.87 1.70 2.06
FY0607–FY1011 1056 27,144 38.90 19.97 18.23 21.72 43,796 4,107,904 10.66 10.41 10.31 10.51 1.92 1.76 2.09
FY1112–FY1516 1165 33,784 34.48 19.57 17.74 21.41 44,342 4,526,476 9.80 9.84 9.75 9.93 1.99 1.81 2.18
FY1617–FY1819 852 25,561 33.33 17.90 16.03 19.77 26,914 2,845,145 9.46 9.45 9.34 9.57 1.89 1.70 2.10

South Saskatchewan
FY0102–FY0506 149 3524 42.28 15.58 12.87 18.30 7907 599,411 13.19 10.61 10.37 10.84 1.47 1.23 1.75
FY0607–FY1011 171 4095 41.76 15.92 13.41 18.43 7814 607,160 12.87 10.22 9.99 10.44 1.56 1.33 1.83
FY1112–FY1516 176 4775 36.86 15.82 11.94 19.69 7591 642,364 11.82 9.75 9.53 9.97 1.62 1.27 2.07
FY1617–FY1819 110 3301 33.32 11.91 9.56 14.25 4576 393,496 11.63 9.66 9.37 9.95 1.23 1.01 1.50

Regina
FY0102–FY0506 171 4218 40.54 19.63 15.96 23.29 9579 940,579 10.18 10.94 10.72 11.16 1.79 1.49 2.16
FY0607–FY1011 215 4968 43.28 19.93 16.59 23.27 10,223 998,731 10.24 10.71 10.50 10.92 1.86 1.57 2.20
FY1112–FY1516 218 6823 31.95 17.35 14.19 20.50 10,553 1,129,029 9.35 10.11 9.92 10.31 1.72 1.43 2.06
FY1617–FY1819 165 5066 32.57 18.48 14.18 22.78 6365 728,096 8.74 9.45 9.22 9.69 1.95 1.55 2.47

Central Saskatchewan
FY0102–FY0506 116 2740 42.34 16.12 13.01 19.24 6120 409,969 14.93 10.82 10.55 11.10 1.49 1.23 1.81
FY0607–FY1011 162 3399 47.66 19.62 15.23 24.01 5739 407,889 14.07 10.19 9.92 10.46 1.92 1.54 2.41
FY1112–FY1516 179 4231 42.31 17.05 12.95 21.15 5701 422,832 13.48 10.13 9.86 10.40 1.68 1.32 2.14
FY1617–FY1819 115 2849 40.37 16.88 11.83 21.93 3194 256,290 12.46 9.48 9.14 9.82 1.78 1.32 2.41

Saskatoon
FY0102–FY0506 235 6277 37.44 18.72 15.82 21.61 10,496 1,081,358 9.71 10.46 10.26 10.66 1.79 1.53 2.09
FY0607–FY1011 278 7805 35.62 18.24 15.47 21.02 11,064 1,171,027 9.45 10.05 9.86 10.24 1.82 1.56 2.12
FY1112–FY1516 303 9661 31.36 16.56 14.04 19.08 11,436 1,342,778 8.52 9.32 9.15 9.49 1.78 1.52 2.07
FY1617–FY1819 255 8140 31.33 15.60 13.24 17.95 7240 870,204 8.32 9.05 8.84 9.26 1.72 1.48 2.01

North and Far North Saskatchewan
FY0102–FY0506 181 5360 33.77 20.90 17.33 24.47 8633 801,150 10.78 11.53 11.29 11.78 1.81 1.53 2.15
FY0607–FY1011 227 6758 33.59 21.05 17.70 24.40 8860 836,221 10.60 11.27 11.03 11.50 1.87 1.59 2.19
FY1112–FY1516 288 8148 35.35 23.14 19.68 26.60 8997 903,029 9.96 10.72 10.50 10.95 2.16 1.86 2.51
FY1617–FY1819 203 6115 33.20 20.71 17.14 24.27 5465 561,279 9.74 10.24 9.97 10.52 2.02 1.70 2.41
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Within that report, there was recognition at the time of a wid-
ening inequality in health and healthcare access in rural areas
(Romanow 2002). Barriers in access to healthcare have been
previously described by rural Saskatchewan people with RA
(Nair et al. 2016). Lower socio-economic affluence and higher
smoking prevalence may also be implicated in the observa-
tions of higher regional mortality (Law and Morris 1998;
Population Health Unit 2020). Northern Saskatchewan has

been observed to have approximately half the median house-
hold income compared with the provincial median
(Population Health Unit 2020). The smoking rate for men
and women in Northern Saskatchewan is approximately dou-
ble the rate for the province overall (Population Health Unit
2020). It should also be noted that the proportional population
of Indigenous peoples is higher in the northern regions. A
Northern Saskatchewan Population Health Unit Report from
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Table 5 Results of multivariable Poisson regression in the entire study population

Variable Description Mean
estimate

95%
LCL

95%
UCL

L’Beta L’Beta
95% LCL

L’Beta
95% UCL

p value

RA (REF=No) Yes 1.80 1.73 1.87 0.588 0.549 0.628 < 0.0001

Age
(REF=18–<45)

55–<65 4.29 4.09 4.49 1.455 1.409 1.501 < 0.0001

65–<75 10.81 10.34 11.30 2.381 2.336 2.425 < 0.0001

75–<85 27.28 26.11 28.50 3.306 3.262 3.350 < 0.0001

85+ 79.91 76.40 83.58 4.381 4.336 4.426 < 0.0001

Sex (REF=Female) Male 1.49 1.45 1.53 0.400 0.374 0.426 < 0.0001

Region
(REF=Saskatoon)

South SK 1.02 0.98 1.06 0.019 − 0.022 0.060 0.357

Regina 1.07 1.03 1.11 0.068 0.028 0.108 0.0008

Central SK 1.05 1.01 1.09 0.049 0.008 0.091 0.0208

North and Far North SK 1.18 1.13 1.23 0.163 0.123 0.203 < 0.0001

Time
(REF=FY0102–FY0506)

FY0607–FY1011 0.97 0.93 1.01 − 0.032 − 0.068 0.005 0.0905

FY1112–FY1516 0.90 0.87 0.94 − 0.103 − 0.140 − 0.067 < 0.0001

FY1617–FY1819 0.87 0.83 0.90 − 0.144 − 0.182 − 0.107 < 0.0001
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2011 indicated 85% of peoples identified as Indigenous and
less than 15% as non-Indigenous (Population Health Unit
2020). The health/healthcare inequities which have been rec-
ognized for Indigenous populations may be contributing to
observed differences in regional mortality (Population
Health Unit 2020; Tjepkema et al. 2019). The inability to
stratify these study results based on Indigeneity is an unfortu-
nate limitation in more fulsome interpretation of these
findings.

The secondary use of administrative data in this study may
create a limitation in the interpretation of the findings as the
data were originally collected for a purpose other than this
research. The completeness of the database may be impacted
by missing data through incomplete shadow-billing by any
salaried provincial physicians. It is also possible that some
people may not have been referred to a specialist and thereby
may not be identified by the case definition through either not
receiving care from an orthopaedic/rheumatology/general in-
ternal medicine practitioner for RA or not requiring hospital-
ization where RA diagnosis was recorded during the study
period.

The case definition used in this study is based on three
physician diagnoses with at least one specialist diagnosis
which has been shown to increase specificity (Kroeker et al.
2017). Our case definition for RA, in accommodating the
physician landscape in SK during the study period, also in-
cludes non-rheumatologist specialist diagnoses. Although
comparable to the case definitions used and validated in other
provinces, this variation could impede comparison with sim-
ilar studies (Jean et al. 2017; Widdifield et al. 2015). This case
definition was not validated within the Saskatchewan

population as part of this study and this may represent a lim-
itation in the interpretation of the findings. However, it is
reassuring that the RA prevalence of 0.7% in Saskatchewan,
identified through this case definition, is in keeping with the
prevalence reported in other jurisdictions (Taylor-Gjevre et al.
2018; Bernatsky et al. 2014; Widdifield et al. 2014;
Myasoedova et al. 2010).

Recognizing such potential study limitations, these find-
ings do nonetheless support the need for further verification
and investigation into causes of death, associations with dis-
ease severity, therapeutic regimens, co-morbidities, and po-
tentially also geographic healthcare delivery patterns.
Development of programs for prevention and early diagnosis,
as well as enhanced surveillance, for RA patients may be
required on a province-wide scale. Such healthcare initiatives
would ideally include a patient and community-centred health
promotion approach towards both rheumatoid arthritis and
associated co-morbidities.
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Table 6 Results of multivariable Poisson regression stratified by sex

Variable Description Female Male

Mean
estimate

95%
LCL

95%
UCL

p value Mean
estimate

95%
LCL

95%
UCL

p value

RA (REF=No) YES 1.79 1.70 1.87 < 0.0001 1.74 1.65 1.85 < 0.0001

Age
(REF=18–<45)

55–<65 4.26 4.03 4.51 < 0.0001 4.34 4.13 4.56 < 0.0001

65–<75 10.83 10.27 11.43 < 0.0001 10.95 10.44 11.49 < 0.0001

75–<85 28.22 26.78 29.73 < 0.0001 27.31 26.06 28.63 < 0.0001

85+ 90.62 85.67 95.86 < 0.0001 73.57 70.14 77.16 < 0.0001

Sex (REF=Female) Male

Region
(REF=Saskatoon)

South SK 1.04 0.99 1.09 0.09 1.01 0.97 1.06 0.62

Regina 1.09 1.05 1.15 0.0001 1.05 1.00 1.09 0.043

Central SK 1.05 1.00 1.10 0.046 1.05 1.00 1.10 0.033

North and Far North SK 1.19 1.13 1.24 < 0.0001 1.16 1.11 1.21 < 0.0001

Time (REF=FY0102–FY0506) FY0607–FY1011 0.99 0.95 1.04 0.78 0.94 0.91 0.98 0.0045

FY1112–FY1516 0.94 0.90 0.98 0.0036 0.87 0.83 0.90 < 0.0001

FY1617–FY1819 0.91 0.87 0.95 < 0.0001 0.83 0.79 0.86 < 0.0001
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