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Abstract
Access to care andmanagement of Rheumatoid Arthritis (RA) patients may differ based on residential area. We described differences
in the profile of patients initiating their first biologic disease modifying antirheumatic drug (bDMARD) based on their residential area
type.
Cross-sectional analysis of 793 adult RA patients in the longitudinal Ontario Best Practices Research Initiative (OBRI) registry

initiating their first bDMARD <30 days prior to or anytime post-enrolment. Patient residential and clinic areas (rural vs. urban) were
classified using 2 methods: postal codes and Statistics Canada population centres. Sociodemographics, disease characteristics,
and RA medications (tumor necrosis factor inhibitor [TNFi] vs. non-TNFi, concurrent use of conventional synthetic DMARDs
[csDMARDs], and intravenous [IV] vs. subcutaneous [SC] bDMARD) at initiation of first bDMARDwere contrasted between residential
area types.
Other than marital status, first language, and race (higher proportion of married, English speaking, Caucasian patients in

rural areas), no significant differences were observed in the demographic and disease characteristics of patients living in rural
and urban areas. In multivariate analysis, there was no association between residential area type and type of bDMARD use,
concurrent csDMARD(s) use or route of bDMARD. However, patients living farther from their treating clinic were significantly less
likely to initiate IV bDMARD. Female rheumatologist and rural clinic location were independently associated with lower odds of IV
bDMARD use.
The use of SC vs. IV bDMARD was associated with being seen in a clinic located in a rural area, being treated by a female

rheumatologist, and living farther from treating clinic. These results suggest possible prescription bias in bDMARD selection and/or
patient preferences due to convenience.
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Abbreviations: adjOR = adjusted odds ratio, bDMARD = biologic disease modifying antirheumatic drug, csDMARDs =
conventional synthetic DMARDs, FSA= forward sortation area, HAQ-DI=Health Assessment Questionnaire Disability Index, HAQ-PI
= Health Assessment Questionnaire Pain Index, IV = intravenous, NSAIDs = nonsteroidal anti-inflammatory drugs, OBRI = Ontario
Best Practices Research Initiative, PhGA = physician global assessment, PtGA = patient global assessment, RA = rheumatoid
arthritis, RF = rheumatoid factor, SC = subcutaneous, SJC-28 = 28-swollen joint count, TJC-28 = 28-tender joint count, TNFi =
tumor necrosis factor inhibitor.
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1. Introduction

The introduction of biologic disease modifying antirheumatic
drugs (bDMARDs) over the past 2 decades has improved RA
outcomes. However, access to care and the management of
rheumatoid arthritis (RA) patients may differ based on residential
area which, in turn, can affect the evaluation of real-world
effectiveness of antirheumatic medications.
Studies from different countries have shown that disease

outcomes, burden of disease, and even disease prevalence may be
associated with socioeconomic status, race/ethnicity, and geo-
graphic region.[1–8] These differences may reflect limited access to
care, services, and medications such as biologic treatments for
populations within specific socioeconomic, regional, and ethnici-
ty/race groups. There is a knowledge gap of understanding for
this disparity.
In the present study, we aimed to describe differences in the

profile of patients initiating their first bDMARD based on their
residence in urban versus rural areas. We were also interested in
investigating the association between residential area type and
patient management in terms of type of first bDMARD selected,
concurrent use of conventional synthetic disease modifying
antirheumatic drugs csDMARD(s), and administration route of
bDMARD.
Figure 1. Cohort selection flow chart. bDMARD:

2

2. Methods

2.1. Data source and patients

The Ontario Best Practices Research Initiative (OBRI) is a
provincial registry that prospectively gathers long-term informa-
tion on patients with RA followed in routine care. It incorporates
rheumatologist assessments from approximately one-third of
rheumatologists in the province of Ontario and a unique method
of collecting data from the patients directly using telephone
interviewers. Patients are eligible if they were ≥ 16 years of age at
the time of diagnosis ≥ 18 years of age at enrolment, have a
rheumatologist confirmed RA diagnosis, and have at least one
swollen joint. Patients are recruited at any stage of disease and are
managed as per the medical judgment of their rheumatologist.
Institutional research ethics approval was obtained prior to

recruitment (REB#: 07–0729 AE).

2.2. Inclusion and exclusion criteria

Patients were included in the analysis if they had a clinical
diagnosis of RA and had initiated treatment with a bDMARD
within 30 days prior to enrolment in the OBRI registry or at any
time following enrolment. Patients were excluded if they had
biologics previously (Fig. 1).
biologic disease modifying antirheumatic drug.
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2.3. Clinical and patient reported data

The clinical data collected during rheumatologist visits included:
rheumatoid factor (RF) status, patient global assessment (PtGA),
physician global assessment (PhGA), 28-tender joint count (TJC-
28), 28-swollen joint count (SJC-28), the presence of erosion, and
RA medication use including csDMARD(s), bDMARD(s),
nonsteroidal anti-inflammatory drugs (NSAIDs), and oral
steroids. Patient reported data collected by interviewers included:
sociodemographic characteristics including residential address,
health assessment questionnaire disability index (HAQ-DI),
health assessment questionnaire pain index (HAQ-PI), fatigue
score, and comorbidity profile.
2.4. Residential area definition

Patient residential area type (rural vs. urban) was classified using
2 methods: Based on the forward sortation area (FSA) digit of the
postal code of patients’ residence;[9] Based on population centres
as classified by Statistics Canada (2016) (Fig. 2).[10]

Additionally, we calculated the distance (in kilometres)
between postal codes of patients’ residence and the treating clinic.
2.5. Outcome definition

Three different outcomes were assessed and their association with
residential area type was examined: type of first bDMARD,
according to the mechanism of action, defined as tumor necrosis
factor inhibitors (TNFi) versus non-TNFi; concurrent use of
csDMARD(s) at bDMARD initiation; typeof administration route
of first bDMARD, intravenous (IV) versus subcutaneous (SC).

2.5.1. Statistical analysis. Descriptive statistics including the
mean and standard deviation for continuous variables and counts
and proportions for categorical variables were produced. The t-
test or Wilcoxon rank test, as appropriate, were used for the
comparison of residential area groups for continuous variables
and the chi-square or the Fisher’s exact test, as appropriate, for
categorical variables.
To examine the independent association of patient residential

area type and of the distance between patient residence and the
treating clinic with the 3 different outcomes, a 2-step approach
was followed where potential confounders were first identified
based on whether they reached significance (P< .05) in the
univariate logistic regression analysis. These potential confound-
ers, along with age and gender, were then adjusted for in
multivariate logistic regression analysis.
Figure 2. Population ce
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2.5.2. Sensitivity analyses. To deal with missing data in the
multivariate analyses, multiple imputations by chained equations
was performed for missing variables and analyses were repeated
for the full dataset as a sensitivity analysis. All variables in the
final models were included in the imputation model. Twenty
datasets were imputed and results were combined using Rubin’s
rules.[11,12] In addition, the impact of clustering effect within
clinical sites was examined by including site as a covariate in the
regression models.
All statistical analyses were conducted using SAS 9.4 (SAS

Institute, Cary, NC).
3. Results

A total of 793 biologic naïve RA patients were included in the
analysis, of whom 128 (16.1%) resided in rural areas (based on
the postal code method). The proportion of patients living in
rural areas was higher when population centres were used (264
out of 761; 34.7%). Overall, the study cohort was comparable to
the overall OBRI registry in terms of baseline characteristics
(Table A1; Appendix, http://links.lww.com/MD/C972).
Using bothmethods to classify rural/urban areas, there were no

significant differences between residential area types in baseline
sociodemographics except higher frequencies of married status
(P< .001), Caucasian race (P< .001), and English spoken
language (P< .001) in rural areas. Concurrent use of oral
steroids was significantly lower in patients from urban areas
based on postal code classification (20.0% vs. 27.3%, P= .04)
(Table 1).
3.1. Impact of residential area on type of first biologic
used by mechanism of action

Table 2 shows the results for the impact of residential area type
on type of first bDMARD (TNFi vs. non-TNFi) using univariate
and multivariate logistic regression models. Neither longer
distance between patient residence and treating clinic address
(model 1; adjOR [95%CI]: 1.01 [0.98–1.02], P= .80) nor living in
a rural area (model 2; adjOR [95%CI]: 1.04 [0.50–2.16], P= .91
and model 3; adjOR [95%CI]: 0.68 [0.38–1.22], P= .20) had a
significant impact on the type of bDMARD used. However,
patients with a longer duration of RA disease, higher HAQ-DI
and being initiated bDMARD in time period of 2012 to 2016
were significantly less likely to be initiated TNFi compared to
non-TNFi. In contrast, patients on NSAID(s) and being treated
by a clinical site located in rural area (based on population
ntre size categories.

http://links.lww.com/MD/C972
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Table 1

Baseline characteristics of biologic naïve patients according to residential area type as defined by postal code and population centre.

Residential area (urban vs. rural)

Based on postal code (N=793) Based on population centre (N=761)

Urban (N=665) Rural (N=128) P-value Urban (N=497) Rural (N=264) P-value

Sociodemographic
Age, mean (SD) 55.3 (12.9) 56.2 (12.4) .50 56.7 (12.7) 56.1 (12.6) .48
Female, n (%) 537 (80.8) 97 (75.8) .20 404 (81.3) 203 (76.9) .53
RA duration, years, mean (SD) 8.4 (9.2) 7.9 (7.6) .53 8.6 (9.4) 8.1 (8.4) .47
Early RA (duration <=1 year), n (%) 107 (16.1) 19 (14.8) .72 86 (17.3) 34 (12.9) .31
Post-secondary education, n (%)
Yes 367 (55.2) 72 (56.3) .88 282 (56.7) 141 (53.4) .40
No 278 (41.8) 53 (41.4) 207 (41.6) 118 (44.7)
Missing 20 (3.0) 3 (2.3) 8 (1.6) 5 (1.9)

Smoking status, n (%)
Never 306 (46.0) 52 (40.6) 241 (48.5) 108 (40.9)
Past 229 (34.4) 45 (35.2) .31 169 (34.0) 96 (36.4) .10
Current 111 (16.7) 28 (21.9) 80 (16.1) 55 (20.8)
Missing 19 (2.9) 3 (2.3) 7 (1.4) 5 (1.9)

Marital status, n (%)
Married 426 (64.1) 107 (83.6) < .001 314 (63.2) 204 (77.3) <.001
Single/divorced/widowed 239 (35.9) 21 (16.4) 183 (36.8) 60 (22.7)

Spoken language, n (%)
English 575 (86.5) 125 (97.7) <.001 428 (86.1) 252 (95.5) <.001
Not English 69 (10.4) 0 (0) 60 (12.1) 7 (2.7)
Missing 21 (3.2) 3 (2.3) 9 (1.8) 5 (1.9)

Race, n (%)
Caucasian 512 (77.0) 122 (95.3) <.001 372 (74.8) 246 (93.2) <.001
Not Caucasian 92 (13.8) 2 (1.6) 81 (16.3) 8 (3.0)
Missing 61 (9.2) 4 (3.1) 44 (8.9) 10 (3.8)

Household annual income, n (%)
>=50000 CAD 285 (42.9) 60 (46.9) 202 (40.6) 135 (51.1)
< 50,000 CAD 218 (32.8) 49 (38.3) .76 177 (35.6) 81 (30.7) .03
Missing 162 (24.4) 19 (14.8) 118 (23.7) 48 (18.2)

Health insurance status, n (%)
OHIP plus (private or ODB program) 542 (81.5) 103 (80.5) 406 (81.7) 220 (83.3)
Public 108 (16.2) 22 (17.2) .79 84 (16.9) 41 (15.5) .62
Missing 15 (2.3) 3 (2.3) 7 (1.4) 3 (1.1)

Disease characteristics
DAS28-ESR (0–9.4), mean (SD) 4.7 (1.4) 4.7 (1.3) .79 4.7 (1.4) 4.8 (1.4) .45
Missing, n (%) 173 (26.0) 33 (25.8) 128 (25.8) 69 (26.1)
TJC-28, mean (SD) 7.2 (6.6) 7.2 (5.8) .90 7.1 (6.6) 7.7 (6.4) .27
Missing, n (%) 122 (18.3) 27 (21.1) 89 (17.9) 53 (20.1)
SJC-28, mean (SD) 6.7 (4.9) 7.0 (4.5) .54 6.6 (4.9) 7.2 (4.8) .11
Missing, n (%) 110 (16.5) 27 (21.1) 79 (15.9) 51 (19.3)
PtGA (0–10), mean (SD) 5.5 (2.7) 5.2 (2.9) .44 5.4 (2.7) 5.5 (2.7) .59
Missing, n (%) 163 (24.5) 36 (28.1) 120 (24.1) 69 (26.1)
PhGA (0–10), mean (SD) 5.1 (2.3) 4.8 (2.2) .32 5.0 (2.4) 5.1 (2.1) .80
Missing, n (%) 203 (30.5) 37 (28.9) 150 (30.2) 77 (29.2)
CDAI (0–76), mean (SD) 24.9 (13.0) 24.4 (12.2) .75 24.4 (12.8) 25.8 (12.8) .21
Missing, n (%) 174 (26.2) 32 (25.0) 129 (26.0) 68 (25.8)
HAQ–DI (0–3), mean (SD) 1.3 (0.8) 1.3 (0.8) .86 1.3 (0.8) 1.3 (0.8) .83
Missing, n (%) 206 (31.0) 39 (30.5) 149 (30.0) 78 (29.5)
HAQ–PI (0–10), mean (SD) 1.7 (0.8) 1.6 (0.8) .52 1.7 (0.8) 1.6 (0.8) .97
Missing, n (%) 206 (31.0) 39 (30.5) 149 (30.0) 78 (29.5)
Presence of erosion, n (%)
Erosion at X-ray 290 (43.6) 63 (49.2) .13 222 (44.7) 119 (45.1) .91
No erosion at X-ray 257 (38.6) 40 (31.3) 185 (37.2) 101 (38.3)
Missing 118 (17.7) 25 (19.5) 90 (18.1) 44 (16.7)

RF status, n (%)
Positive 460 (69.2) 87 (68.0) .95 347 (69.8) 184 (69.7) .71
Negative 161 (24.2) 30 (23.4) 121 (24.3) 60 (22.7)
Missing 44 (6.6) 11 (8.6) 29 (5.8) 20 (7.6)

Number of comorbidities, mean (SD) 3.6 (2.7) 3.8 (2.8) .67 3.5 (2.8) 3.7 (2.6) .86
Missing, n (%) 19 (2.9) 3 (2.3) 7 (1.4) 5 (1.9)

(continued )
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Table 1

(continued).

Residential area (urban vs. rural)

Based on postal code (N=793) Based on population centre (N=761)

Urban (N=665) Rural (N=128) P-value Urban (N=497) Rural (N=264) P-value

Fatigue score, mean (SD) 5.6 (3.0) 5.3 (2.9) .50 5.4 (3.0) 5.8 (2.9) .27
Missing, n (%) 282 (42.4) 51 (39.8) 206 (41.4) 106 (40.2)
Medication profile
Time period for first biologic initiation, n (%)
2008–2011 242 (36.5) 54 (42.2) .22 191 (38.4) 96 (36.4) .56
2012–2016 422 (63.5) 74 (57.8) 306 (61.6) 168 (63.6)

Prior use of csDMARD(s), n (%)
Yes 586 (88.1) 114 (89.1) .65 441 (88.7) 230 (87.1) .50
No 77 (11.6) 13 (10.2) 54 (10.9) 33 (12.5)
Missing 2 (0.3) 1 (0.8) 2 (0.4) 1 (0.4)

Concurrent use of csDMARD(s), n (%)
Yes 568 (85.4) 105 (82.0) .81 420 (88.7) 228 (86.4) .13
No 91 (13.7) 18 (14.1) 74 (14.9) 28 (10.6)
Missing 6 (0.9) 5 (3.9) 3 (0.6) 8 (3.0)

Concurrent use of oral steroids, n (%)
Yes 133 (20.0) 35 (27.3) .04 97 (19.5) 65 (24.6) .07
No 526 (79.1) 88 (68.8) 397 (79.9) 191 (72.3)
Missing 6 (0.9) 5 (3.9) 3 (0.6) 8 (3.0)

Concurrent use of NSAID(s), n (%)
Yes 127 (19.1) 27 (21.1) .49 100 (20.1) 49 (18.6) .72
No 532 (80.0) 96 (75.0) 394 (79.3) 207 (78.4)
Missing 6 (0.9) 5 (3.9) 3 (0.6) 8 (3.0)

First bDMARD administration route, n (%)
SC 533 (80.2) 111 (86.7) 391 (78.7) 225 (85.2)
IV 132 (19.8) 17 (13.3) .08 106 (21.3) 39 (14.8) .03

First bDMARD type, n (%)
TNFi 570 (85.7) 110 (85.9) .95 425 (85.5) 225 (85.2) .92
Non-TNFi 95 (14.3) 18 (14.1) 72 (14.5) 39 (14.8)

Treating Clinic information
Female rheumatologist, n (%) 284 (42.7) 54 (42.2) .91 215 (43.3) 104 (39.4) .30
Rheumatologist academic affiliation, n (%) 222 (33.4) 51 (39.8) .16 179 (36.0) 82 (31.1) .17
Distance between patient residence and

treating clinic (km), mean (SD)
47.9 (185.5) 133.1 (286.1) <.001 26.4 (38.2) 101.3 (132.0) <.001

Treating clinic area type based on
population centres, n (%)
Urban 605 (91.0) 112 (87.5) .22 478 (96.2) 208 (78.8) <.001
Rural 60 (9.0) 16 (12.5) 19 (3.8) 56 (21.2)

Treating clinic area type based on postal codes, n (%)
Urban 665 (100) 128 (100) – 497 (100) 267 (100) –

Rural 0 (0) 0 (0) 0 (0) 0 (0)

bDMARD=biologic disease modifying antirheumatic drug, CAD=Canadian Dollar, CDAI= clinical disease activity index, csDMARD(s)= conventional synthetic disease modifying antirheumatic drugs, DAS28-
ESR=28-joint disease activity score, HAQ-DI=health assessment questionnaire disability index, HAQ-PI=health assessment questionnaire pain index, km= kilometer, NSAID(s)=non-steroidal anti-
inflammatory drugs, ODB=Ontario Drug Benefit program, OHIP=Ontario Health Insurance Plan, PhGA=physician global assessment, PtGA=patient global assessment, RA= rheumatoid arthritis, Ref=
reference category, RF= rheumatoid factor, SC= subcutaneous, SD= standard deviation, SDAI= simplified disease activity index, SJC-28=28-joint swollen count, TCJ-28=28-joint tender count, TNFi=
Tumor necrosis factor inhibitors.

Movahedi et al. Medicine (2019) 98:20 www.md-journal.com
centres) were significantly more likely to start TNFi than non-
TNFi (Table 2).
3.2. Impact of residential area type on concurrent use of
csDMARD(s) with first bDMARD

Table 3 shows the results for the impact of residential area type
on concurrent use of csDMARD(s) with the first bDMARD
(combination therapy vs. bDMARD monotherapy). Neither
longer distance between patient residence and treating clinic
address nor living in a rural area had a significant impact on
concurrent use of csDMARD(s). In all 3 models, higher number
of comorbidities were significantly associated with a lower
5

likelihood of concurrent csDMARD(s) use with the first
bDMARD. In contrast, use of concurrent NSAID(s) was
significantly associated with a higher likelihood of concurrent
csDMARD(s) use.
3.3. Impact of residential area on administration route of
first biologic

Table 4 summarizes the results of the univariate and multivariate
logistic regression analyses assessing the impact of residential
area type on administration route of first bDMARD. Patients
living farther from their treating clinic (adjOR: 0.96; 0.93–0.99,
P= .03) and in rural areas (model 2: adjOR: 0.64; 0.35–1.16,

http://www.md-journal.com


Table 3

Impact of residential area type on concurrent use of csDMARD(s) with first bDMARD; univariate and multivariate logistic regression
analysis.

Odds ratio (95% confidence interval), p-value
Concurrent csDMARD(s) use vs. Monotherapy

Multivariate analysis
Univariate analysis Model 1

∗
Model 2† Model 3‡

Distance between patient residence and treating clinic (per 10 km) 0.99 (0.98–1.01), .15 1.00 (0.99–1.01), .26 n/a n/a
Residential area type based on postal codes

Rural vs. Urban 0.94 (0.54–1.62), .81 n/a 0.95 (0.54–1.65), .85 n/a
Residential area type based on population centre

Rural vs. Urban 1.44 (0.90–2.28), .56 n/a n/a 1.32 (0.81–2.16), .26
Age, years 0.99 (0.98–1.01), .14 0.99 (0.98–1.02), .98 0.99 (0.98–1.02), .93 0.99 (0.98–1.02), .78
Patient gender (female) 1.31 (0.81–2.12), .27 1.27 (0.77–2.11), .36 1.27 (0.76–2.10), .36 1.32 (0.78–2.22), .30
Number of comorbidities 0.90 (0.83–0.98), .02 0.91 (0.85–0.98), .02 0.91 (0.84–0.98), .01 0.91 (0.84–0.98), .01
Concurrent use of NSAID(s) 2.78 (1.31–5.91), .01 2.44 (1.23–4.82), .01 2.49 (1.26–4.92), .01 3.06 (1.44–6.48), .004
Time period of first bDMARD initiation

2008–2011 Ref Ref Ref Ref
2012–2016 1.23 (0.82–1.86), .32 1.23 (0.80–1.89), .35 1.25 (0.82–1.92), .31 1.37 (0.90–2.78), .11

Treating clinical area type based on population centres
Rural vs. Urban 2.19 (0.86–5.62), .10 n/a n/a 1.67 (0.68–4.09), .26

∗
Model 1: association between distance from patient residence to treating clinic, per 10 km, and concurrent use of csDMARD(s) adjusting for patient gender and age, time period of first bDMARD initiation,

concurrent use of NSAID (s), and number of comorbidities.
†Model 2: association between patient residential area (based on postal codes) and concurrent use of csDMARD(s) adjusting for relevant covariates.
‡Model 3: association between patient residential area (based on population centres) and concurrent use of csDMARD(s) adjusting for adjusted for relevant covariates plus treating clinic area type (based on
population centres).
Bold represents significant P-values.
bDMARD=biologic disease modifying antirheumatic drug, csDMARDs=conventional synthetic disease modifying antirheumatic drugs, km= kilometer, n/a=not applicable, NSAID(s)=nonsteroidal anti-
inflammatory drugs, Ref= reference category, TNFi= tumor necrosis factor inhibitors.

Table 2

Impact of residential area type on type of first bDMARD; univariate and multivariate logistic regression analysis.

Odds ratio (95% confidence interval), p-value
TNFi vs. non-TNFi

Multivariate analysis

Univariate analysis Model 1
∗

Model 2† Model 3‡

Distance between patient residence and treating
clinic (per 10 km)

1.01 (0.99–1.03), .48 1.01 (0.98–1.02), .80 n/a n/a

Residential area type based on postal codes
Rural vs. Urban 1.02 (0.59–1.75), .95 n/a 1.04 (0.50–2.16), .91 n/a

Residential area type based on Population centres
Rural vs. Urban 0.98 (0.64–1.49), .92 n/a n/a 0.68 (0.38–1.22), .20

Age, years 0.98 (0.97–1.00), .05 1.02 (0.99–1.05), .07 1.02 (0.99–1.05), .07 1.02 (1.00–1.05), .09
Patient gender (female) 1.16 (0.71–1.88), .55 1.45 (0.74–2.81), .28 1.45 (0.75–2.82), .27 1.37 (0.69–2.72), .37
Smoking status
Never Ref Ref Ref Ref
Past 0.65 (0.44–0.98), .04 0.65 (0.36–1.16), .15 0.65 (0.37–1.17), .28 0.70 (0.39–1.26), .23
Current 1.97 (1.05–3.69), .04 1.67 (0.73–3.81), .23 1.67 (0.73–3.83), .51 1.80 (0.78–4.18), .17

RA disease duration (years) 0.98 (0.96–0.99), .02 0.96 (0.94–0.99), .005 0.96 (0.94–0.99), .005 0.96 (0.94–0.99), .005
Number of comorbidities 0.87 (0.82–0.93), <.001 0.91 (0.82–1.01), .06 0.91 (0.82–1.01), .06 0.92 (0.82–1.02), .11
HAQ –DI 0.70 (0.50–0.97), .03 0.66 (0.45–0.96), .03 0.66 (0.45–0.96), .03 0.63 (0.43–0.92), .02
Concurrent use of NSAID(s) 2.16 (1.15–4.05), .02 2.75 (1.18–6.41), .02 2.74 (1.17–6.39), .02 2.56 (1.09–5.99), .03
Academic affiliated site
Yes vs. No 0.67 (0.45–1.00), .05 0.77 (0.44–1.33), .35 0.77 (0.45–1.34), .36 0.75 (0.43–1.31), .31

Time period of first bDMARD initiation
2008–2011 Ref Ref Ref Ref
2012–2016 0.60 (0.39–0.93), .02 0.36 (0.19–0.67), .001 0.35 (0.19–0.66), 0.001 0.35 (0.19–0.67), .001

Treating clinic area type based on population centres
Rural vs. Urban 3.28 (1.17–9.17), .02 n/a n/a 3.79 (1.06–13.5), .04

∗
Model 1: association between distance per 10km of treating clinic and use of TNFi adjusting for patient gender, age, smoking history, RA disease duration, HAQ-DI, concurrent use of NSAIDs, academic affiliated

site, time period for first biologic, and number of comorbidities.
†Model 2: association between residential area based on postal codes and TNFi use adjusting for relevant co-variates.
‡Model 3: association between residential area based on population centres and TNFi use adjusting for relevant co-variates plus clinical site area type (based on population centres).
Bold represents significant P-values.
bDMARD=biologic disease modifying antirheumatic drug, HAQ-DI=health assessment questionnaire disability index, km= kilometer, n/a=not applicable, NSAID(s)=nonsteroidal anti-inflammatory drugs,
Ref= reference category, TNFi= tumor necrosis factor inhibitors.
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Table 4

Impact of patient residential area type on administration route of first bDMARD; univariate and multivariate logistic regression analysis.

Odds ratio (95% confidence interval), p-value
IV vs SC

Multivariate analysis

Univariate analysis Model 1
∗

Model 2† Model 3‡

Distance between patient residence and treating clinic (per 10 km) 0.97 (0.94–0.99), .02 0.96 (0.93–0.99), .03 n/a n/a
Residential area type based on postal codes
Rural vs. Urban 0.62 (0.36–1.07), .08 n/a 0.64 (0.35–1.16), .14 n/a

Residential area type based on population centres
Rural vs. Urban 0.64 (0.43–0.96), .03 n/a n/a 0.88 (0.56–1.39), .58

Age, years 1.01 (0.99–1.02), .34 1.00 (0.98–1.01), .67 1.00 (0.98–1.02), .84 1.00 (0.98–1.02), .72
Patient gender (female) 0.99 (0.64–1.55), .98 1.08 (0.64–1.80), .78 1.07 (0.64–1.79), .79 1.14 (0.67–1.94), .62
Patient race (Caucasian) 0.56 (0.34–0.92), .02 0.64 (0.37–1.11), .11 0.63 (0.36–1.08), .09 0.64 (0.36–1.13), .13
Smoking history (current) 0.50 (0.29–0.88), .02 0.58 (0.32–1.06), .07 0.56 (0.31–1.01), .05 0.55 (0.30–1.00), .05
Rheumatologist gender (female) 0.54 (0.37–0.79), .001 0.60 (0.39–0.90), .01 0.59 (0.39–0.90), .01 0.56 (0.37–0.86), .01
RA disease duration (years) 1.03 (1.01–1.05), .002 1.02 (1.00–1.05), .02 1.02 (1.00–1.05), .02 1.03 (1.00–1.05), .02
Number of comorbidities 1.08 (1.02–1.15), .01 1.06 (0.98–1.14), .12 1.06 (0.98–1.14), .13 1.06 (0.98–1.14), .17
Prior use of csDMARD(s) 3.02 (1.37–6.67), .01 2.39 (1.04–5.49), .04 2.31 (1.01–5.29), .04 2.11 (0.85–5.24), .11
Concurrent use of NSAID(s) 0.56 (0.33–0.94), .03 0.46 (0.27–0.81), .01 0.48 (0.28–0.84), .01 0.44 (0.25–0.78), .005
Time period of first bDMARD initiation
2008–2011 Ref Ref Ref Ref
2012–2016 1.32 (0.91–1.93), .15 1.51 (0.99–2.31), .06 1.55 (1.02–2.36), .04 1.58 (1.02–2.44), .04

Treating clinical area type based on population centres
Rural vs. Urban 0.05 (0.01–0.37), .003 n/a n/a 0.06 (0.01–0.41), .005

∗
Model 1: association between distance per 10 of treating clinic km and administration route of bDMARD adjusting for patient gender, age, race, smoking history, RA disease duration, number of comorbidities,

rheumatologist gender, prior use of csDMARD(s), concurrent use of NSAIDs, and time period for first biologic initiation.
†Model 2: association between residential area based on postal codes and administration route of bDMARD adjusting for adjusted for relevant co-variates.
‡Model 3: association between residential area based on population centre classification and administration route of bDMARD adjusting for adjusted for relevant co-variates plus clinical site area type (based on
population centres).
Bold represents significant P-values.
bDMARD=biologic disease modifying antirheumatic drug, csDMARDs= conventional synthetic disease modifying antirheumatic drugs, IV= intravenous, km= kilometer, n/a=not applicable, NSAID(s)=
nonsteroidal anti-inflammatory drugs, Ref= reference category, SC= subcutaneous.
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P= .14 and model 3: adjOR: 0.88; 0.56–1.39, P= .58) were less
likely to be treated with IV bDMARD; however, for the
residential area type the difference did not reach statistical
significance. Treating clinics located in rural areas (based on
population centres) (model 3: adjOR: 0.06; 0.01–0.41, P= .005),
concurrent use of NSAID(s), female rheumatologists (all 3
models) and patient being a current smoker (model 2 and model
3) were associated with significantly lower odds of prescribing IV
bDMARD compared to SC bDMARD. In contrast, patients with
longer disease duration (all 3 models) and being initiated
bDMARD in time period of 2012–2016 (model 2 and model 3)
were significantly more likely to be prescribed a biologic agent
that required infusion (Table 4).

3.4. Sensitivity analyses

Repeating all analyses with a full dataset using multiple
imputation, as sensitivity analysis, did not change the estimates
for the impact of patient residential area or of the distance
between the patient residence and the treating clinic on the type of
bDMARD used, concurrent use of csDMARD(s), of the use of IV
vs. SC bDMARD (Tables A2–A4; Appendix, http://links.lww.
com/MD/C972). Accounting for the cluster effect within each site
also did not have an impact on the observed results.

4. Discussion

In the current study, we have explored whether patient residence
in rural versus urban areas, as well as living distance from the
treating clinic, had an impact on patient management among
patients initiating their first bDMARD.
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In addition to differences in sociodemographic character-
istics, a higher RA disease activity as measured by swollen joint
counts, although not statistically different, was observed in
patients living in rural areas. Iltchev et al[4] showed that RA
morbidity in rural inhabitants of Poland was higher than in
urban inhabitants. Bernatsky et al[2] and Neovius et al[5]

compared the prevalence of RA between rural and urban
areas. Hurd et al,[8] in a systematic review, found most studies
showed that indigenous patients with RA had higher disease
activity and reported more significant impact on patient-
reported outcomes and quality of life than non-Indigenous
patients. Brekke et al[3] found no significant differences in joint
count scores and patient or rheumatologist evaluation of
disease severity when comparing RA patients living in an
affluent versus a less affluent area in the same city. However, to
our knowledge, neither study directly compared sociodemo-
graphic and disease characteristics between patients residing in
urban versus rural areas.
In terms of selection of bDMARD type or use of concurrent

csDMARD(s), no differences were observed between patients
living in rural and urban residential areas. Even though
such decisions regarding patient management were not
studied previously, Desai et al[13] did show that initiation of
TNFi (compared with not starting TNFi) differed
significantly by geographic region in the United States. In
contrast, Saag et al[14] reported that there was no significant
impact of urban/rural residence on physician visits for arthritis
care.
We found that patients living farther from their treating

rheumatologist’s practice were more likely to be treated with SC

http://links.lww.com/MD/C972
http://links.lww.com/MD/C972
http://www.md-journal.com
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as opposed to intravenous bDMARD which may be related to
patient preferences and convenience. Furthermore, lower odds of
treatment with intravenous bDMARD were observed in clinical
sites located in rural areas; these results are expected as such sites
may not have the required facilities and supporting healthcare
staff for delivering infusions. Finally, female rheumatologists
were less likely than males to prescribe intravenous bDMARDs
over SC; although the exact reason behind this finding cannot be
assessed one could speculate that it may relate to general factors
influencing rheumatologists’ prescription such as subjective
judgment and experience of the drugs, age and years in practice,
or more consideration to patients’ preferences, among others.[15]

The fact that most patients in our study were assessed and
treated at sites defined as urban and that, their care is provided
mostly by trained/certified rheumatologists, may contribute to
the relative homogeneity of results. Strengths of the current study
include examining a large real-world RA patient population
without strict inclusion criteria and no requirements for high
disease activity which make it generalizable to routine clinical
practice. In terms of limitations, there may be other unmeasured
confounders which may have not been accounted for.
In summary, the use of SC versus IV medication was

significantly associated with being seen in a clinic located in a
rural area, being treated by a female rheumatologist, and living
farther from treating clinic possibly reflecting prescription bias
and patient preferences due to convenience, respectively. No
other significant differences in the profile of RA patients or in
patient management, in terms of bDMARD type and concurrent
csDMARD use, were identified based on residential area type.
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