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Abstract
Purpose  An individual’s location of residence may impact health, however, health services and outcomes research 
generally use a single point in time to define where an individual resides. While this estimate of residence becomes 
inaccurate when the study subject moves, the impact on observed associations is not known. This study quantifies 
the impact of different methods to define residence (rural, urban, metropolitan) on the association with all-cause 
mortality.

Methods  A diabetes cohort of new metformin users was identified from administrative data in Alberta, Canada 
between 2008 and 2019. An individual’s residence (rural/urban/metropolitan) was defined from postal codes using 4 
different methods: residence defined at 1-year before first metformin (this served as the reference model), comparison 
1- stable residence for 3 years before first metformin, comparison 2– residence as time-varying (during the outcome 
observation window), and comparison 3 - nested case control (residence closest to the index date after identifying 
cases and controls). Multivariable Cox proportional hazard and logistic regression models were constructed to 
examine the association between residence definitions and all-cause mortality.

Results  We identified 157,146 new metformin users (mean age of 55 years and 57% male) and 8,444 (5%) deaths 
occurred during the mean follow up of 4.7 (SD 2.3) years. There were few instances of moving after first metformin; 
2.6% of individuals moved to a smaller centre (metropolitan to urban or rural, or urban to rural) and 3.1% moved to a 
larger centre (rural to urban or metropolitan, or urban to metropolitan). The association between rural residence and 
all-cause mortality was consistent (aHR:1.18; 95%CI:1.12–1.24), regardless of the method used to define residence.

Conclusions  The method used to define residence in a population of adults newly treated with metformin for type 2 
diabetes has minimal impact on measures of all-cause mortality, possibly due to infrequent migration. The observed 
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Introduction
Across various disease states, there is mounting evidence 
of the impact of an individual’s residence on their health 
[1–22]. In Canada, it is reported that rural dwellers with 
diabetes are up to 50% more likely to experience a dia-
betes-related avoidable hospitalization than urban dwell-
ers [1, 5]. Similar findings of increased diabetes-related 
morbidity and mortality are reported in rural areas of the 
United States as well [6, 7]. Rural-urban disparities have 
also been described with respect to barriers to participat-
ing in physical activity, treatment outcomes for obstruc-
tive sleep apnea, access to pediatric trauma centres, the 
epidemiology of different cancers, the prevalence of 
osteoarthritis-related comorbidities, and gradients in 
perinatal health.11–14,16−20,22 Even mainstream media has 
reported place of residence as an important social deter-
minant of health, suggesting an individual’s “ZIP code is 
as important as their genetic code.” [23].

From an epidemiologic perspective, there are several 
ways to classify where an individual lives. In the United 
States, some measures of residence are based off of 
census-derived data and reported at the state or county 
level [10, 24, 25]. The United States also has rural-urban 
commuting area codes to classify census tracts as met-
ropolitan, micropolitan, small town, and rural commut-
ing areas based on population density, urbanization, 
and daily commuting [26]. In Canada, census-derived 
measures of residence are also used, however, provincial 
jurisdictions, responsible for the delivery of healthcare, 
developed their own definitions of residence for health-
care reporting and surveillance [27–29]. Provincial juris-
dictions base their residence boundaries off of population 
density, local industry, travel patterns, infrastructure, and 

more, and are reported at the individual-level in adminis-
trative datasets used for research [28, 30, 31]. 

There have been several studies comparing the geo-
graphic accuracy of different residence definitions and 
the impact on the prevalence of different diseases and 
disease-related morbidity and mortality [10, 17, 19, 
20, 25, 27, 32–39]. However, most identify residence 
at cohort entry or cross-sectionally at a single point in 
time and fail to consider the impact of migration which 
may lead to error [40, 41]. Another limitation of health 
mobility research is the assumption that time has a “con-
stant and uniform effect” which does not consider criti-
cal periods around when a move occurs, but rather only 
if a move occurs [41]. The purpose of this study was 
therefore to use methods to define residence that would 
address these limitations and determine if these differ-
ent methods would affect the association with all-cause 
mortality. A population of individuals with type 2 diabe-
tes was selected for this study based on the availability of 
the data, duration of follow up in which migration could 
be observed, and previously reported disparities in this 
population according to residence across the rural-urban 
continuum [1–7]. Given the chronic and progressive 
nature of type 2 diabetes, it is plausible that these individ-
uals over time would choose to move to a metropolitan 
or urban area with more specialized healthcare facilities 
and resources. The current interprovincial migration of 
individuals with type 2 diabetes in Alberta is unknown, 
yet integral to health system planning, allocation of 
resources, and future interventional studies.

association between residence and mortality is compelling but requires further investigation and more robust 
analysis.

Plain language summary
There is growing evidence describing the impact of where an individual lives on their health. However, most of 
these studies identify place of residence at a single point in time and do not consider when a person moves. This 
could result in misclassification, which could over- or underestimate the influence of residence on health outcomes. 
In this study, residence was defined with 4 different methods: at 1-year before starting metformin for type 2 
diabetes; stable residence for 3-years before starting metformin; accounting for changes in residence after being 
newly treated with metformin for type 2 diabetes; and near the end of the study at death or the end of follow up. 
The results of this study describe that individuals rarely move after treatment initiation with metformin for type 2 
diabetes and that living in a rural area has a higher risk of death from any cause, further investigation into the latter 
is required.

Keypoints
	• Individuals rarely move after treatment initiation with metformin for type 2 diabetes.
	• In population-based cohort studies of adults with type 2 diabetes, classifying place of residence at baseline, 

1-year prior to the index date is reasonable.
	• The increased mortality of rural residents requires further investigation.

Keywords  Rural-urban continuum, Migration, Type 2 diabetes, Time-fixed, Time-varying, Nested case-control
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Methods
Data source and study population
We conducted a retrospective cohort study between 1 
April 2008 and 31 March 2019 using linkable adminis-
trative datasets from Alberta Health including popula-
tion registry, ambulatory care, inpatient, pharmaceutical 
information network, practitioner claims, and vital statis-
tics [42]. To be eligible for cohort entry, individuals were 
required to be an adult, eligible for healthcare benefits in 
Alberta, and have at least 1 dispensation for any antihy-
perglycemic drug therapy between the above dates, from 
which new metformin users were identified. A new user 
design was then employed which was defined as having 
no history of any antihyperglycemic drug therapy dispen-
sation for at least 12 months prior to the first metformin 
dispensation [43]. Individuals were excluded for the fol-
lowing reasons: ICD-9 code 256.4 or ICD-10 code E28.2 
(polycystic ovarian syndrome) at any time, ICD-10 code 
O24.x (gestational diabetes) 9 months before first met-
formin to the end of follow up, less than 1 year of follow 
up after first metformin dispensation, and age less than 
18 years at the time of first metformin dispensation (see 

Fig.  1). The study index date was defined as the date of 
the first metformin dispensation.

Exposure definitions: location of residence
For all exposure definitions, residence was categorized as 
rural, urban, or metropolitan using an individual’s postal 
code. The residence categories were based on Alberta 
Health Services and Alberta Health’s standard geographic 
areas for health system planning and surveillance; resi-
dence boundaries are set according to population den-
sity, local industry, travel patterns, infrastructure, and 
more [28, 30, 31]. Metropolitan areas are defined by 
populations greater than 500,000 people (Edmonton and 
Calgary) and surrounding areas that are commuter com-
munities. Urban refers to populations between 25,000 
and 500,000 people. Rural areas have smaller population 
sizes, unique industries, and increased distances from 
a metropolitan or urban centre [28]. It should be noted 
that residence could be identified from the administrative 
data at each fiscal year end (March 31 of each year).

Methods that are commonly used to identify drug 
exposures in pharmacoepidemiology (time-fixed, 

Fig. 1  Population Flow Diagram: Defining Population of Interest. Note. * Alberta residents with ≥ 1 dispensation of antihyperglycemic drug therapy 
between 1 April 2008 and 31 March 2019; ICD = World Health Organization International Classification of Diseases
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time-varying, and nested case-control) were used to 
define how and when residence as an exposure was 
operationalized (Fig. 2) [44–48]. In the reference model, 
residence was defined using the closest fiscal year end 

at least 1-year prior to the first metformin dispensation. 
This time-fixed approach is commonly used in current 
literature but has the potential for misclassification if an 
individual has moved before or after this date [40, 41]. 

Fig. 2  Population Flow Diagram: Approaches to Defining Residence. Note. *Refer to Fig. 1 for identification of population of interest
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Comparison 1 mitigates misclassification by excluding 
movers within 3-years before the first metformin dispen-
sation. For example, if 1 year prior to first metformin, an 
individual was reported to be living in a rural area, but 
the year prior to that (2 years before metformin) the indi-
vidual was reported to be living in an urban area, they 
would be included in the reference model as living in a 
rural area, but excluded in comparison 1 as their resi-
dence changed within the 3 years prior to metformin.

Comparison 2 mitigates misclassification of residence 
by allowing residence to be time-dependent. In this 
model, residence was initially defined at 1-year prior to 
first metformin then, at each subsequent fiscal year end 
during the observation window, the residence category 
was reviewed and reclassified if the individual moved 
(Fig. 2). This continued for each fiscal year end until the 
end of follow up or death occurred.

Comparison 3 considers whether residence closest to 
the event date impacts the outcome. Comparison 3 uti-
lized a nested case-control approach whereby after iden-
tifying new metformin users and applying the exclusion 
criteria described in Fig. 1, each individual was classified 
as a case (having died within the observation window) or 
control (follow up ending before death occurred) (Fig. 2). 
For cases, residence was defined at the fiscal year end 
when death occurred. Similarly, for controls, residence 
was defined at the fiscal year end when follow up ceased.

Outcome: All-cause mortality
While the objective of this study was not to determine 
whether an association exists between residence and all-
cause mortality, the outcome of all-cause mortality was 
chosen for being broad (not specifically attributable to a 
medication exposure, comorbidities, etc.) and therefore 
all individuals in the cohort would be at risk of the out-
come. Date of death was recorded in the vital statistics 
dataset, provided by Service Alberta (who issues death 
certificates in the province of Alberta) [42]. 

Covariates
Each of the 4 models were adjusted for the same covari-
ates to ensure that the only difference between the mod-
els was the exposure definition. Additionally, covariate 
adjustment was limited as the models were not intended 
to predict causality; only healthcare utilization metrics 
known to differ according to residence and complications 
known to impact diabetes-related morbidity and mortal-
ity were included. Healthcare utilization covariates were 
identified at baseline, in the 1-year prior to first metfor-
min dispensation, as follows: a count of the number of 
physician claims (categorized as 0–6, 7–12, 13–24, and 
≥ 25), whether at least 1 hospitalization occurred, and 
the number of unique physicians visited (categorized as 
0–2, 3–4, 5–8, and ≥ 9). Cut points for categorization 

were chosen to be clinically meaningful and that best 
fit the data to address skewness. This has been further 
described elsewhere [2, 3]. Age at first metformin dispen-
sation and sex assigned at birth were also controlled for 
in the analysis.

An adapted Diabetes Complications Severity Index 
(aDCSI) score was calculated for each individual as a sum 
of the severity of 7 diabetes complications (retinopathy, 
nephropathy, neuropathy, cerebrovascular, cardiovas-
cular, peripheral vascular disease, and metabolic) [49]. 
Grading of severity for each complication is either 0, 1, 
or 2 based on the presence of ICD-9 and ICD-10 codes 
and does not use laboratory data [49–51]. Complications 
were identified at baseline, any time prior to first metfor-
min dispensation.

Statistical analysis
For both the reference model and comparisons 1 and 2, 
Cox proportional hazard modelling was conducted, and 
individuals were followed until they experienced the 
outcome or follow up ceased due to the end of the study 
data or end of healthcare enrolment (Fig. 2). Specific to 
comparison 2 where residence was time-dependent, if an 
individual moved (defined as a change in residence clas-
sification) during the observation window, the time at 
risk was accounted for in each residence location [52]. A 
multivariable logistic regression analysis was performed 
for comparison 3 (the nested case control approach). 
All covariates previously mentioned were adjusted for 
in each of the 4 models; the reference group used for all 
models was metropolitan residence. Stata version 16.1 
was used for all analyses.

Results
Baseline population characteristics
Of 350,506 Alberta residents with at least 1 dispensation 
of antihyperglycemic drug therapy between April 1, 2008 
and March 31, 2019, 157,146 met the inclusion criteria 
and were identified as new metformin users (Fig. 1). Pop-
ulations were further defined based on meeting different 
exposure definitions for residence. In the reference model 
and comparison 2, the populations were further reduced 
to 137,526 after excluding those with less than 1 year of 
residence data. Comparison 1 and 3 resulted in popula-
tions of 108,046 and 157,143, respectively (Fig. 2).

Residence was distributed as 26% rural, 10% urban, 
and 64% metropolitan for all exposure definitions. In the 
population defined using the time-fixed, 1-year lookback 
approach, the mean age was 55 years, 57% were male, and 
the mean follow up time was 4.7 years (Table 1). The larg-
est differences in baseline characteristics were between 
metropolitan and rural populations in the number of 
physician claims in the year prior to first metformin and 
the number of unique physicians visited in the same time 
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period, standardized difference 0.20 and 0.34, respec-
tively (Table 1). Baseline population characteristics were 
similar for the other cohorts identified (Supplementary 
Tables 1 and Supplementary Table 2).

Moving after first Metformin using the time-varying exposure 
definition
When considering residence as a time-varying exposure, 
7,864 out of 137,526 people (5.7%) had at least 1 record 
of moving (a change in residence category) after their 
first metformin dispensation. Of these individuals, 3,599 
people (2.6%) moved to a smaller area (metropolitan to 
urban, metropolitan to rural, or urban to rural) and 4,265 
people (3.1%) moved to a larger area (rural to urban, rural 
to metropolitan, or urban to metropolitan). The largest 
number of moves a single person experienced was 6.

All-cause mortality
Table 2 shows that the number of events by residence cat-
egory was similar across all models and demonstrates a 
geographic gradient. Metropolitan had the fewest deaths 
in all models with incidence rates ranging from 11.4 to 
12.1 per 1000 person years, followed by urban (11.6 to 
12.8 per 1000 person years), and then rural (14.7 to 15.5 
per 1000 person years).

The effect of each residence exposure definition on 
all-cause mortality was similar across models and rural 
residence was associated with increased mortality in all 
models (Table 2). The adjusted hazard ratio for all-cause 
mortality among rural residents was 1.18; 95% CI:1.12–
1.24 in the reference model and 1.17; 95% CI:1.10–1.24 
in comparison 1 when misclassification was mitigated 
by excluding movers in the 3 years prior to first metfor-
min. When allowing residence to be time-dependent 

Table 1  Baseline demographics by place of residence at 1-year lookback from first Metformin dispensation
Metropolitan 
(n = 87,778)

Urban (n = 13,945) Rural (n = 35,803) Maximum 
Absolute 
Standardized 
Difference

Age (years), mean (SD) 55 (13.6) 54 (13.6) 56 (13.8) 0.19 (U-R)
Male, n (%) 49,654 (56.6) 8,135 (58.3) 20,456 (57.1) 0.04 (M-U)
Number of physician claims, n (%) 0.20 (M-R)
0–6 23,714 (27.0) 4,769 (34.2) 12,836 (35.9)
7–12 22,482 (25.6) 3,590 (25.7) 8,907 (24.9)
13–24 22,528 (25.7) 3,184 (22.8) 8,001 (22.3)
≥ 25 19,054 (21.7) 2,402 (17.2) 6,059 (16.9)
Number of unique physicians visited, n (%) 0.34 (M-R)
0–2 16,341 (18.6) 3,682 (26.4) 11,151 (31.1)
3–4 22,548 (25.7) 3,894 (27.9) 9,943 (27.8)
5–8 28,904 (32.9) 4,012 (28.8) 9,483 (26.5)
≥ 9 19,985 (22.8) 2,357 (16.9) 5,226 (14.6)
Hospitalization, n (%) 9,401 (10.7) 1,714 (12.3) 5,267 (14.7) 0.12 (M-R)
aDCSI Score, mean (SD) 0.8 (1.3) 0.8 (1.3) 0.9 (1.4) 0.09 (M-R)
Note. SD = standard deviation, M-U = metropolitan-urban comparator, U-R = Urban-rural comparator, M-R = metropolitan-rural comparator, aDCSI = adapted 
Diabetes Complications Severity Index Score as described in Chang HY, Weiner JP, Richards TM, et al. Validating the adapted Diabetes Complications Severity Index 
in claims data. Am J Manag Care 2012;18(11):721-6

Table 2  Effect of residence on all-cause mortality using different exposure definitions
Deaths, n (%) [Incidence rate per 1000 person 
years]

Measure of Association* (95% Confi-
dence Interval)

Rural Urban Metropolitan Rural vs. Metropolitan Urban vs. 
Metropolitan

Residence 
Exposure 
Definition

Reference Model:
Time-fixed
1-yr lookback

2,671 (7.5) [15.5] 809 (5.8) [12.3] 4,964 (5.7) [12.0] aHR: 1.18 (1.12–1.24) aHR: 1.14 
(1.06–1.23)

Comparison 1:
3 years of stable residence

1,861 (6.4) [14.7] 524 (4.9) [11.6] 3,275 (4.8) [11.4] aHR: 1.17 (1.10–1.24) aHR: 1.08 
(0.99–1.19)

Comparison 2: Time-varying 2,623 (7.4) [15.3] 835 (6.0) [12.8] 4,986 (5.7) [12.1] aHR: 1.17 (1.12–1.23) aHR: 1.17 
(1.08–1.25)

Comparison 3: Nested Case 
Control

3,405 (8.4) 1,083 (14.5) 6,890 (6.8) aOR: 1.17 (1.12–1.23) aOR: 1.12 
(1.04–1.20)

Note. * Metropolitan as reference in all models and adjusted for age, sex, number of physician claims 1-year prior to first metformin, number of unique physicians 
visited 1-year prior to first metformin, hospitalization within 1-year prior to first metformin, and adapted Diabetes Complications Severity Index score
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(comparison 2) the adjusted hazard ratio for all-cause 
mortality was 1.17; 95% CI:1.12–1.23 for rural residents. 
Considering where an individual resided at the time of 
death or end of follow up (comparison 3) resulted in an 
adjusted odds ratio of 1.17; 95% CI:1.12–1.23 for rural 
residents.

Discussion
This study describes the migration of adult new metfor-
min users across the rural-urban continuum in Alberta, 
Canada and quantifies the impact of different methods 
to define residence on measures of all-cause mortality. 
The results of this study demonstrate that individuals 
rarely move between residence categories (rural, urban, 
metropolitan) after becoming new metformin users and 
of those who do move, the proportion of those moving 
to a larger or smaller area are similar. The primary impli-
cation of this study is that the method used to define 
residence, for use in statistical modelling, does not sub-
stantially impact the measure of association. In situations 
with minimal migration, using residence as a time-vary-
ing exposure or covariate appears to be unnecessary. 
Rather, classifying residence at baseline, at 1-year before 
the index date in populations of adults newly treated with 
metformin for type 2 diabetes, is acceptable.

There is little else described in the literature on migra-
tion patterns of individuals with type 2 diabetes in 
Canada or the United States. The limited migration 
uncovered in this study is however, supported by litera-
ture in other disease states and Canadian provinces. In a 
population of Albertans with Parkinson’s disease or mul-
tiple sclerosis, migration within the province following 
disease onset was minimal and moving within the same 
municipality accounted for most (80%) of the observed 
migration [32]. Similarly, in a population of individu-
als with rheumatoid arthritis in the province of Quebec, 
most migration following diagnosis was inter-urban, not 
as a result of rural-to-urban migration [53]. In general, 
following a new diagnosis or disease onset, Canadians 
continue to live in the same places as before, making resi-
dence a stable metric over time.

The incidental finding of increased mortality in people 
residing in rural areas, compared to metropolitan Alberta 
is concerning. While the statistical models presented in 
this study were not intended to describe a causal relation-
ship, this is an important signal which requires further 
investigation. We have previously described differential 
management strategies undertaken for type 2 diabetes in 
rural Alberta, which we hypothesize may impact morbid-
ity and mortality [2–4]. Similarly, others have described 
a substantially higher burden of diabetes-related mor-
tality in rural areas of the United States [6, 7]. However, 
despite the consideration of multiple factors such as 
diet, lifestyle, exposure to environmental pesticides and 

fertilizers, comorbidities, and healthcare infrastructure, 
the authors conclude that the reasons for rural-urban 
disparities in type 2 diabetes are still incompletely under-
stood and further studies are required [7]. Given this evi-
dence, more robust analyses are planned to measure the 
impact of residence as an exposure on mortality related 
to type 2 diabetes.

Strengths and limitations
This study is strengthened by the use of individual-level 
residence data which was linked to individual-level health 
data. This provides a unique perspective and deeper 
insight into the impact of residence on health outcomes, 
considering that many studies conducted elsewhere such 
as in the United States, may utilize census-derived resi-
dence data which is reported at the state or county-level 
[7, 10, 24]. That being said, we did not classify residence 
by city or town, to maintain patient confidentiality and 
anonymity, and therefore we did not account for whether 
an individual moved within residence categories, for 
example, from one rural town to another rural town. 
Additionally, the results of this study may not be gener-
alizable to other populations, especially given the numer-
ous ways to define residence. While the results of this 
study are geographically specific to Alberta, Canada, it 
does generate further testable hypotheses to other places 
and populations.

The approaches used in this study also only consider 
immediate effects, however, lagged effects of past expo-
sure, such as place of birth or residence during formative 
years of development, could also impact the outcome. A 
longitudinal birth cohort would be required to determine 
these effects. Additionally, residual confounding is pres-
ent in the estimates of all-cause mortality, given the lim-
ited adjustment in each model. However, these models 
were not intended to be causal but rather, quantify dif-
ferences in the measures of association given changes to 
the exposure definition of residence alone. More robust 
models are required to determine whether there is a 
causal link between residence along the rural-urban con-
tinuum and mortality.

Conclusion
The method used to define residence in a population of 
new metformin users had minimal impact on measures 
of all-cause mortality, possibly owing to the infrequency 
with which people move within the province of Alberta. 
This study provides reasonable justification for classify-
ing place of residence in population-based cohort studies 
at baseline and at 1-year before the index date, compared 
to other methods, provided that migration within the 
cohort is minimal. Incidental findings of increased mor-
tality in rural areas are being further explored to discern 
whether there is a causal relationship.
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