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areas after RA diagnosis. This is of interest for studies of 
regional environmental effects on chronic disease patterns.
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Introduction

People living with chronic illnesses, such as rheumatoid 
arthritis (RA), might move away from their initial resi-
dence, for several health-related reasons: to live closer to 
supportive family members, to obtain specialized care, or 
if the current residence poses difficulties, such as a two-
floor home for someone with difficulty climbing stairs. 
Alternately, severe illnesses may restrict an individual’s 
ability to relocate. Several authors term this differential 
propensity for migration either as health-related mobility or 
health-selective migration [1, 2]. Studies of health-selective 
migration have used different measures of health ranging 
from general concepts such as self-rated health [3], to more 
specific measures including personal disabilities [4] and 
chronic illnesses [5]. A greater knowledge of the migration 
behaviors of patients may illuminate the factors driving 
regional differences in disease prevalence [6]. For example, 
health-selective migration may explain the higher preva-
lence of RA in urban areas in Québec for some age groups 
[7]. Although several studies suggest that healthier individ-
uals are more likely to migrate, there is also evidence to 
the contrary. This may be due to variations in health-related 
mobility according to age, urban versus rural residence, and 
type of illness. It is clear that further examination of health-
selective migration across a range of settings is required.

Rheumatoid arthritis is a chronic autoimmune disorder 
causing inflammation of the joints [8] that affects almost 
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1 % of adults in the developed world. To date, we are aware 
of only one study that has examined health-selective migra-
tion among those with rheumatic diseases. Moorin et al. [9] 
suggested that individuals with connective tissue diseases 
and rheumatoid disorders migrated from urban areas less 
frequently than the general population. However, poten-
tially important analytic considerations, such as age and 
urban versus rural residence, were not fully explored.

The objective of this cohort study was to estimate 
within-province health-selective migration in RA patients 
identified in Québec administrative databases by com-
paring migration rates before and after RA diagnosis in 
urban and rural areas. Understanding migratory patterns 
in RA patients is important for two reasons. The first is to 
determine whether migration patterns in RA patients may 
explain all or part of the associations previous studies have 
identified between air pollution sources and RA incidence 
or prevalence [7, 10, 11]. Understanding migration rates in 
RA patients is also important because it could indicate the 
presence of unmet needs. For example, increased migration 
may indicate a need to be closer to care or the necessity to 
move to a residence that better accommodates the limited 
mobility of RA patients. Decreased migration may indicate 
that RA may be limiting patients’ physical ability to change 
residences.

Materials and methods

We identified study subjects using provincial medical bill-
ing and hospitalization databases managed by the Régie de 
l’Assurance Maladie du Québec (RAMQ). In the province 
of Québec, all provincially reimbursed medical services are 
recorded in a single physician billing database. The RAMQ 
administrative database provides physician billing code 
information for all patients who had visited a physician, 
while the MED-ÉCHO hospital database (Maintenance et 
exploitation des données pour l’étude de la clientèle hos-
pitalière) provides records for inpatient physician services 
and up to 15 discharge diagnoses per patient.

Only Québec residents diagnosed with RA between 
1999 and 2009 were included in the analysis. The defini-
tion of RA consisted of two or more RA diagnoses (ICD-9 
code 714.X) by any physician occurring at least 8  weeks 
apart but within a 2 year period; at least one RA diagnosis-
related billing by a rheumatologist; or at least one hospital 
discharge diagnosis of RA. For patients with multiple RA-
related records, calculation of the diagnosis date was based 
on the first related ICD code.

Each subject’s forward sortation area (FSA; first three 
letters of the postal code) was available as of July 1 of each 
year they had a medical encounter. Due to confidential-
ity restrictions, we did not have access to a more precise 

residential address. If the FSA changed from 1 year to the 
next, a migration event was said to have occurred in the 
second year. Using these data, we constructed a dataset 
where, for each year between 1998 and 2009, we recorded 
each person’s RA status, whether or not they migrated in 
the previous year as well as a number of covariates. In 
accordance with the current Canada Post classification 
scheme, all FSAs where the second digit was zero were 
considered as rural areas [12]. This dataset allowed us to 
compare the annual migration rate before and after RA 
diagnosis. Although the date of first recorded RA diagnosis 
was known precisely, only the year in which a migration 
took place was available, making it difficult, in some cases, 
to identify the timing of a migration event relative to RA 
diagnosis. We assumed that a migration occurring in the 
same year as an RA diagnosis happened after the diagno-
sis. Individuals who relocated outside of Québec no longer 
appeared in the RAMQ databases making it impossible to 
track their migration. This analysis is therefore limited to 
within-province migration.

FSA-level variables measuring socioeconomic status 
were obtained from the 2001 Census of Canada, as a lim-
ited number of subject-level socioeconomic status (SES) 
measures were available for inclusion as covariates. These 
variables included average family income, prevalence of 
renting, employment rate, and a composite education vari-
able calculated as the proportion of people without a high 
school degree subtracted from the proportion of people 
with any post-secondary education. We used physician 
practice data collected in 2010 to generate a binary indica-
tor of rheumatologist availability in a subject’s FSA [13]. 
All these variables were considered as potential confound-
ers or effect modifiers.

Log-binomial regression was used to model the annual 
risk of migration. Four different types of migration events 
were modeled: migration from a rural FSA to an urban FSA, 
migration from an urban FSA to a rural FSA, migration from 
an urban FSA to another urban FSA, and migration from a 
rural FSA to another rural FSA. We included a product term 
between age and RA status to estimate effect measure modi-
fication by age of the association between RA and migration. 
We fit marginal models to our longitudinal data using gen-
eralized estimating equations (GEE) [14] clustering at the 
level of the individual. Stata was used for all analyses [15], 
except for GEE diagnostics, which we performed in SAS 9.2 
(SAS Institute, Cary, NC, USA). We used empirical stand-
ard errors for statistical inferences from marginal models, 
and evaluated working correlation structures by comparing 
empirical and model-based standard errors while also exam-
ining quasi-likelihood information criterion and correlation 
information criterion values [16, 17].

We controlled for a number of potential confounders. 
Given that children and adolescents are generally unable 
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to move independently of their parents, and as those of 
university age move frequently for reasons unrelated to 
their health, we excluded those younger than 25  years 
of age. As the prevalence of RA is higher in women 
than men, and also increases with age [18], we adjusted 
for both sex and age, since these factors may also affect 
migration. Age was included as a continuous variable, 
mean-centered at 50  years, with a quadratic age term to 
accommodate the nonlinear relationship between age and 
migration [19]. Age was centered to reduce collinear-
ity between main effects, interaction terms and quadratic 
terms in the model [20]. We also included FSA-level SES 
covariates. If removing a covariate resulted in at least a 
10 % change in the estimates of interest, we retained it in 
the model [21].

Results

After merging RAMQ and MED-ÉCHO data sources, the 
initial dataset included 895,405 person-years collected 
from 82,562 subjects with a diagnosis of RA between 1998 
and 2008. Due to missing data on FSA or other covariates, 
we omitted 96,597 person-years. An extensive examination 
of the distribution of covariates within the set of excluded 
observations suggested no obvious similarities between 
these records that might reveal a pattern to the missingness. 
Our analysis is based upon 798,808 observations collected 
from a final study population of 81,181 subjects.

Sixty-nine percent of study subjects were female. The 
mean age at first observation within our data was 57.0 years 
[standard deviation (SD) = 15.5], and the mean age at RA 

diagnosis was 60.7 years (SD = 15.0). Between 1998 and 
2008, 14,183 deaths were recorded. The mean number of 
observations per subject was 9.8 (SD =  2.4). A total of 
1077 subjects had only 1 year of observation, and 58,037 
subjects had complete data for the entire eleven-year period 
of observation.

We identified 45,080 migrations among 396 Québec 
FSAs over the course of the study. Table 1 shows the num-
ber of migration rate by type of move and RA status. The 
annual migration rates by age were roughly equivalent to 
provincial statistics [19]. The crude risk ratio between RA 
and migration was 0.96 (95  % confidence interval: 0.94, 
0.98). One or more migrations were observed for 34.3 % 
of subjects between 1998 and 2008. Only 20.1  % of the 
observed migrations occurred among subjects moving from 
rural-to-urban FSAs or from urban-to-rural FSAs; that is, 
most moves by rural residents were to rural areas and most 
moves by urban residents were to urban areas. Rural-to-
urban moves were slightly more frequent than urban-to-
rural moves.

As the effect of RA on migration changed qualitatively 
with age, we retained an interaction term between RA 
and age in all subsequent models. Removal of the FSA-
level SES variables changed the estimate by, at most, 1 % 
and were therefore not used in the final models. A review 
of diagnostic plots did not suggest any outliers that were 
likely to substantially influence fit of the marginal models 
[22]. The first-order autoregressive correlation structure 
provided the smallest QIC and CIC values and was also 
supported by review of a logit plot and lorelogram [23]. As 
a result, it was our chosen working correlation structure for 
all marginal models.

As can be seen in Table 2, the effect of RA on migration 
varied qualitatively with age and migration type. At age 30, 
RA was associated with increased migration regardless of 
the type of migration. In this age group, the association was 
largest among those moving from an urban-to-rural FSA 
and smallest among those moving within an urban area. At 
age 50, the association differed by migration type. RA was 
associated with increased urban-to-rural or rural-to-urban 
migration but with decreased urban-to-urban or rural-to-
rural migrations. At age 70, RA was once again associated 
with increased migration among all types of migration. 
The models also suggested that in regions with greater 

Table 1   Number of moves and rate (moves per person-year) by type 
of move and RA status

Type of move Pre-RA diagnosis Post-RA diagnosis

Number Rate Number Rate

Total 16,386 0.058 28,694 0.056

Rural to urban 1749 0.017 2693 0.015

Urban to rural 1732 0.010 2874 0.008

Rural to rural 2681 0.027 4447 0.025

Urban to urban 10,224 0.057 18,680 0.056

Table 2   Risk ratios (95 % 
confidence interval) for 
probability of migration 
between Forward Sortation 
Areas by Québec residents 
before and after RA diagnosis

Predictor Urban to rural Rural to urban Urban to urban Rural to rural

Female 0.89 (0.82, 0.96) 1.03 (0.96, 1.12) 0.99 (0.96, 1.02) 1.00 (0.94, 1.07)

RA × age

 30 years 2.18 (1.84, 2.75) 1.08 (0.89, 1.32) 1.05 (0.99, 1.10) 1.12 (0.98, 1.28)

 50 years 1.18 (1.07, 1.30) 1.12 (1.01, 1.24) 0.94 (0.90, 0.98) 0.93 (0.86, 1.01)

 70 years 1.38 (1.21, 1.56) 1.14 (1.02, 1.26) 1.17 (1.12, 1.21) 1.08 (1.00, 1.17)
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proportions of renters, or where there was greater employ-
ment, there was greater migration.

Discussion

The results of these analyses suggest that the association 
between RA and migration varies according to age and 
migration origin and destination. In most demographic 
groups, people with RA were more likely to migrate 
(including changes in urban/rural status) following their 
RA diagnosis. RA was associated with increased migration 
within urban or rural areas, although people with RA around 
age 50 had decreased migration within urban or rural areas.

Our study was intended, in part, to explore the theory 
that people are more likely to move from a rural-to-urban 
area once they are diagnosed with RA. This theory has 
been offered as one potential explanation as to why preva-
lence estimates for RA and similar rheumatic diseases are 
higher in urban versus rural areas [7]. It is important to note 
that we did not see a greater movement from rural-to-urban 
areas after RA diagnosis. The vast majority of moves after 
an RA diagnosis were within urban areas. This is of inter-
est for studies of regional effects (including environmental 
exposures such as pollution) on chronic disease patterns 
using administrative data, particularly because it is gener-
ally difficult to separate incident from prevalent patients. 
Thus, it may be that very strong regional risk factors for 
a given disease are apparent even if the population studied 
is not comprised solely of recently diagnosed cases. Our 
results do not permit strong conclusions in this regard.

In prior studies involving the general population, several 
analyses have reported heterogeneity in health-selective 
migration by age. Halliday and Kimmitt [3] determined that 
patient self-reports of poor health in the USA were associ-
ated with reduced migration among men younger than 60, 
with an inverse relationship among men over age 60. Other 
research also suggests heterogeneity in migratory behav-
iors by age and limiting long-term illness, a different pat-
tern from the relationship we identified among subjects in 
Québec [24, 25]. It is plausible that the relationship is coun-
try dependent. A previous Australian study found a rela-
tionship between poor health and increased migration from 
rural-to-urban areas [26]. A subsequent study of Australians 
with rheumatic disorders determined that individuals were 
less likely to move from an urban area to a rural area [9].

We restricted our analyses to individuals eventually 
diagnosed with RA, which allowed us to compare migra-
tion before and after RA diagnosis. However, individuals 
who develop RA are possibly less healthy than the general 
population even before diagnosis. Therefore, the asso-
ciation between RA and migration would likely have been 

larger had we used the general population as the control 
group. It is also possible that RA symptoms manifest them-
selves prior to RA diagnosis, which would mean that RA 
influences migration patterns before diagnosis as well. This 
would also cause our estimates to be conservative.

To our knowledge, this is the first published assessment 
of health-selective migration among patients with RA. Our 
study’s longitudinal design and the study population of over 
80,000 RA patients are strengths of this analysis. However, 
the use of administrative databases poses challenges. Medi-
cal claims data are intended for billing and hospital admin-
istrative purposes. We attempted to address this limitation 
by using previously validated criteria for identifying cases 
of rheumatoid arthritis [7], and also similar to definitions 
used by the Public Health Agency of Canada. However, 
there is no perfect definition for any chronic disease using 
administrative data [27, 28]. Any misclassification of RA 
in our analysis would lead to an underestimate of the asso-
ciation between migration and RA. Therefore, the estimates 
presented are likely conservative estimates. Our analysis 
was also limited by confidentiality restrictions; we speci-
fied FSA-level rather than individual-level predictors for 
educational level, income, and employment status.

In summary, although we found an important associa-
tion between RA and migration, we did not see a greater 
movement from rural-to-urban areas after RA diagnosis. 
The vast majority of moves after an RA diagnosis were 
within urban areas. This is of interest for studies of regional 
effects, such as pollution, on chronic disease patterns using 
administrative data, particularly because it is generally not 
trivial to separate incident from prevalent patients. Differ-
ences in migration rates before and after RA diagnosis may 
reflect many possible consequences of RA. On one hand 
reduced physical mobility or the desire to be close to a spe-
cialist may favor migration; conversely other reasons (need 
to stay close to existing networks, restricted income) may 
lessen the tendency to migrate. Further work is necessary to 
identify factors contributing to increased migration among 
those with RA.
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