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Objectives: This report examined the impact and extent that spatial access to primary

care physicians (PCPs) and social neighbourhood-/community-level factors have on

diabetes prevalence for Toronto and Chicago. Methods: The two-step floating catch-

ment area method was used to compute spatial access scores. Bivariate correlation and

multivariate linear regression identified the factors that were associated with, and/or

predicted, diabetes prevalence. Results: Potential spatial access to PCPs had no strong

associations with diabetes prevalence. Low socio-economic status factors and certain

ethnic groups were strongly associated with diabetes prevalence for both cities. For

Toronto, South American place of birth, households belowpoverty and high school-level

education predicted diabetes prevalence. African ethnicity and households below pov-

erty predicted diabetes prevalence for Chicago. Conclusion: Although this report

found no strong association between diabetes prevalence and access to PCPs, con-

textual factors significant in past individual-level diabetes studies were associated with

diabetes prevalence at the neighbourhood/community level for Toronto and Chicago.
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Introduction

Diabetes is one of the leading causes of death in
many middle-high income countries; the United
States has among the highest diabetic populations
with 29.1 million (9.3%) in 2014 (Centers for
Disease Control and Prevention, 2014), compared
with 2.4 million diabetics (6.8%) in Canada in 2008
(Public Health Agency of Canada, 2011). Diabetes
may lead to hyperglycaemia, the deterioration of
blood vessel nerves and organs, and increasing
morbidity and mortality rates for the population.
Common risk factors include: physical inactivity,
obesity, hypertension and family history of
diabetes (Forouhi and Wareham, 2010). Diabetes
risk prevention awareness and campaigns can

potentially counteract diabetes development and
subsequent chronic conditions.
Recent studies investigated impacts of contextual

(neighbourhood)-level factors on public health. The
social determinants of health framework empha-
sizes that socio-demographic conditions individuals
collectively experience are key determinants of
health (Diez Roux and Mair, 2010). Place is central
as the health-related resources available and resi-
dential/neighbourhood characteristics contribute to
healthy or unhealthy lifestyles (Diez Roux and
Mair, 2010). Various spatial accessibility measures
were developed to model the relative ease that
populations are able to reach healthcare resources
across areas. Generally, urban centres and certain
inner city neighbourhoods were found to have
greater accessibility compared with their rural and
suburban counterparts (Wang and Hu, 2013).
Despite the extensive literature on diabetes,

there are few studies that examine how potential
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spatial access to physicians and contextual factors
influence population health at the neighbourhood
level (Diez Roux and Mair, 2010; Grigsby-
Toussaint et al., 2010; Harrington et al., 2012).
This study aims to fill this gap by measuring the
impact and extent that spatial (access to physi-
cians) and contextual (neighbourhood/community
level) factors have on diabetes prevalence in
Toronto and Chicago. The contextual-level data
come from the Canadian 2006 Census and
American Community Survey (ACS) 2008–12.
The two-step floating catchment area (2SFCA)
method was used to compute potential spatial
access measures to primary care physicians
(PCPs). Bivariate correlation and multivariate
linear regression models identified the important
contextual factors that were associated with dia-
betes prevalence within Toronto neighbourhoods
and Chicago communities. This study sheds light
on the effect and influence that spatial and con-
textual factors have on neighbourhood health for
two cities under different healthcare systems. It
also aims to demonstrate that spatial and statistical
analyses at the neighbourhood level can help
identify vulnerable neighbourhoods based on
relevant contextual factors.

Methods

Study areas
Toronto and Chicago have comparable popula-

tion densities, are both culturally diverse and have
established neighbourhoods/communities, but are
under contrasting healthcare systems. Toronto,
located in Southern Ontario, has 140 officially
recognized neighbourhoods from six munici-
palities; located in Cook County, Illinois, Chicago
has 77 established communities from nine ‘Sides’.
In 2006, Toronto housed 2 503 280 people, where
59.1% were first generation immigrants. Chicago
had 2 695 598 residents in 2010; 21.2% were
foreign born and 35.8% spoke a language other
than English. There were areas in both cities
where low-income households spatially coincided
with high diabetes prevalence, especially the
U-shaped corridor in Toronto and the South Side
of Chicago. Figure 1 shows the distribution of
median family income and diabetes prevalence for
both cities (Statistics Canada, Census 2006; US
Census Bureau, 2008–12).

Canada is known for its universal healthcare
system where all citizens and permanent residents,
regardless of their medical history, personal
income or standard of living, are covered for
medically necessary preventative care and treat-
ments. Healthcare is funded and administered
by the provinces and territories. The US has a
privatized healthcare system where individuals
must purchase healthcare services from healthcare
providers. Federal and state governments provide
public coverage (Medicare and Medicaid) for
eligible populations; private insurance can be
acquired separately or through employment.
Before Obamacare launched in 2010, nearly
47 million people were uninsured; they had limited
or no access to essential healthcare services, lead-
ing to poor health outcomes (Smith, 2008).

Data
To analyse howPCPs are accessible to residents in

neighbourhoods, physician data sets were acquired.
The 2010 Canadian Medical Directory, acquired
from Scott’s Directories, contained detailed location
information of all PCPs in Canada at the postal code
level. The American Official Physician Compare
Data was retrieved from Centers for Medicare and
Medicaid Services website on 17 April 2014. Both
data sets were geocoded to visualize the location of
PCPs, 2859 in Toronto and 1132 in Chicago. The
Chicago physician data set only included physicians
enroled in Medicare; consequently, there were
about 800 PCPs excluded from the data set
(American Academy of Family Physicians, 2014).
Generally, Medicare provides coverage for those
aged 65 and over, disabled and/or diagnosed with
certain critical conditions (Klees et al., 2011). This
subset of physicians represent those most likely
sought by vulnerable populations, and is the only
publicly available physician data set for Chicago.

Diabetes prevalence data for Toronto neigh-
bourhoods was acquired from Toronto Com-
munity Health Profiles Partnership. It consisted of
age-adjusted rates of physician-diagnosed cases
from registries maintained by the Institute for
Clinical Evaluative Sciences. Individuals were
considered diabetic if they had two physician
claims, or an Ontario Health Insurance Plan claim,
or a hospital admission within two years. Diabetes
data for Chicago communities was obtained
from the city of Chicago Health Department.
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The rates were derived from self-reported
measures from the Illinois Behavioural Risk
Factor Surveillance System; respondents rep-
orted whether they were diagnosed or told by a

physician they have diabetes. Diabetes data is
at the neighbourhood/community level, which
was the unit of analysis. No individual-level data
was used.

Figure 1 Median income and diabetes prevalence rates for Toronto neighbourhoods and Chicago communities
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The socio-demographic data were acquired
from Statistics Canada 2006 Census and the US
Census Bureau ACS 2008–12 at the census tract
level. The census tract data was aggregated to
the appropriate neighbourhood/community units
using relevant data conversion files; the aggre-
gated census data represent the proportion of
people with the characteristic, which is the central
unit of analysis as all data used were acquired at
the neighbourhood/community level. Contextual
factors included indicators regarded as important
determinants of health: unemployment, house-
holds below poverty, income earnings for
economic families and individuals, private and
public healthcare insurance, high school not
completed, high school completed (diploma), post-
secondary and graduate diplomas, degrees, place
of birth (POB), and ethnicity. The majority of the
variables were comparable with the exception
of healthcare insurance and high school not
completed, which were only applicable to Chicago
or else not captured in the Canadian census.

Methods
The notion of geographic accessibility provides

a useful framework to analyse the relative ease
that individuals from one location reach other
locations. The 2SFCA method was used to quan-
tify how accessible neighbourhoods/communities
were to physicians; it conceptualizes accessibility
as a trade-off between spatial separation (distance
to physician locations) and opportunity attrac-
tiveness (number of physicians in a given location)
taking into consideration demand (neighbour-
hood/community populations) (see References for
descriptions and implementations of the model).
Potential spatial access refers to the availability of
PCPs that can possibly be contacted by surround-
ing populations (Wang, 2006). PCPs were chosen
as they are generally contacted first when health-
related problems arise and are gatekeepers to
specialized services (Harrington et al., 2012). The
model required a physician catchment size, repre-
senting the maximum distance residents would
travel to a PCP. Five kilometres was selected to be
consistent with thresholds used in previous North
American spatial access studies (Wang, 2007; Luo
and Whippo, 2011; Hawthorne and Kwan, 2012).
The resultant potential spatial access to PCPs
scores were used in statistical analyses.

Bivariate correlation analysis was used to
determine the contextual factors associated
with diabetes prevalence. Pearson’s correlation
coefficients were generated between each con-
textual factor and diabetes prevalence rate at the
neighbourhood/community level for both cities.
Multivariate linear regression was used to quantify
the amount of variance in diabetes prevalence that
can be explained by the independent variables.
The contextual factors that generated the most
statistically significant coefficients were selected as
the independent variables for multivariate linear
regression through the stepwise method in SPSS
(IBM version 22).

Results

The access scores revealed similar spatial patterns
and had no statistically strong associations with
diabetes prevalence for both cities. Figure 2 shows
the resultant spatial access scores, where higher
values denote higher access and vice versa. High
access scores were concentrated within the down-
town cores, while low access scores were located in
the fringes of both cities. Nevertheless, potential
spatial access to PCPs was negatively, weakly
associated with diabetes prevalence for Toronto,
and not significantly associated with diabetes
prevalence in Chicago; see Table 1 for bivariate
correlation results.
The social factors had stronger associations with

diabetes prevalence. For both cities, unemploy-
ment, poverty and low education attainment were
associated with diabetes prevalence. Neighbour-
hoods/communities characterized by high income
and education (above bachelor’s degree) were
associated with low prevalence, while neighbour-
hoods/communities with low-to-middle income
and lower education were associated with high
prevalence. For Chicago, private insurance
coverage was negatively associated with diabetes
prevalence, while public health insurance had
a positive association.
The associations between certain ethnicities and

diabetes rates varied between the two cities.
For Toronto, native born and North American
ethnicity were negatively associated with diabetes
rates, while foreign born, Asian POB and ethnicity
had positive associations. For Chicago, native born
and North American ethnicity were positively
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associated with diabetes prevalence, whereas for-
eign born, Asian POB and ethnicity had negative
associations. For both cities, South American and
African POB and ethnicity were positively related
to diabetes, while European ethnicity (including
subgroups) had a negative association.
Based on the Pearson’s correlation results the

following variables were chosen for the regression
models: proportions of households below poverty,
individuals completing high school, unemploy-
ment, South American POB and African ethnicity
for Toronto, and proportions of households below
poverty, individuals that did not complete high
school, unemployment, African POB and African
ethnicity for Chicago. Table 2 contains results
of the multivariate linear regression models;
Table 3 shows the results from the model that
included public health insurance for Chicago. For
Toronto, South American POB, households
below poverty and high school diploma predicted
83.4% of the variance in diabetes prevalence
(R2 = 0.834, F(3, 136) = 2, 17.364, P<0.000).
African ethnicity and households below poverty
explained 47.3% of diabetes prevalence variance for
Chicago (R2 = 0.473, F(2, 74) = 33.262, P<0.000).

The second model for Chicago identified public
health insurance coverage as the only significant
predictor, accounting for 50.2% of the variance
(R2 = 0.502, F(1, 75) = 75.662, P<0.000).

Discussion

Despite a visual mismatch between the potential
spatial access scores and diabetes prevalence
across the neighbourhoods/communities (Figures 1
and 2), the statistical results indicate a weak (in
Toronto) to no (in Chicago) association between
diabetes prevalence and potential spatial access to
PCPs. Interpretations need to consider the mixed
findings in the literature about the role of distance
and access to healthcare services; while poor
spatial accessibility correlated with poor health
outcomes in Syed et al. (2013), distance was not a
significant factor for patients with chronic condi-
tions in Arcury et al. (2005). Other considerations
include data and 2SFCA model limitations. The
diabetes prevalence data was measured differently
between the cities (medical registry versus self-
report), which can bias results. The Modifiable

Figure 2 Spatial potential access scores for Toronto neighbourhoods and Chicago communities
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Table 1 Bivariate Pearson’s correlation coefficients between diabetes prevalence and contextual
social factors for Toronto neighbourhoods, 2006–07, and Chicago Communities, 2008–12

City of Toronto City of Chicago

Contextual variablesa r (P-value) r (P-value)

Unemployment 0.664** (<0.000) 0.620** (<0.000)
Individual income
Under 10000$ 0.559** (<0.000) 0.603** (<0.000)
10 000$–49999$ 0.606** (<0.000) 0.492** (<0.000)
Over 50000$ −0.799** (<0.000) −0.633** (<0.000)

Economic family income
Under 10000$ 0.240** (0.004) 0.638** (<0.000)
10 000$–49999$ 0.784** (<0.000) 0.580** (<0.000)
50 000$–99999$ 0.627** (<0.000) −0.224 (0.050)
Over 100000$ −0.849** (<0.000) −0.612** (<0.000)

Households below poverty 0.622** (<0.000) 0.643** (<0.000)
Insurance coverage
With health insurance N/A −0.223 (0.051)
With private health insurance −0.610** (<0.000)
With public health insurance 0.709** (<0.000)
With no insurance 0.205 (0.074)

Education level
No school 0.757** (<0.000) −0.089 (0.441)
High school diplomab 0.819** (<0.000) 0.442** (<0.000)
High school, no diplomab N/A 0.626** (<0.000)
College 0.534** (<0.000) 0.560** (<0.000)
University/college certificate 0.040 (0.643) 0.289* (0.011)
Bachelor’s degree −0.842** (<0.000) −0.529** (<0.000)
Master’s degree −0.841** (<0.000) −0.516** (<0.000)
Doctorate (PhD) −0.742** (<0.000) −0.469** (<0.000)
Above bachelor’s degree −0.818** (<0.000) −0.530** (<0.000)

Place of birth
Native born −0.734** (<0.000) 0.497** (<0.000)
Foreign born 0.637** (<0.000) −0.497** (<0.000)
Europe −0.098 (0.250) −0.486** (<0.000)
Asia 0.470** (<0.000) −0.423** (<0.000)
Africa 0.519** (<0.000) 0.426** (<0.000)
South America 0.682** (<0.000) 0.360** (0.001)
North America −0.754** (<0.000) −0.410** (<0.000)
Oceania −0.390** (<0.000) −0.328** (0.004)

Ethnicity
Aboriginal 0.107 (208) −0.134 (0.246)
North American −0.511** (<0.000) 0.405** (<0.000)
Asian 0.530** (<0.000) −0.443** (<0.000)
South American 0.766** (<0.000) 0.357** (0.001)
African 0.654** (<0.000) 0.569** (<0.000)
European −0.734** (<0.000) −0.569** (<0.000)
Western European −0.758** (<0.000) −0.397** (<0.000)
Northern European −0.718** (<0.000) −0.439** (<0.000)
Eastern European −0.623** (<0.000) −0.359** (0.001)
Southern European 0.310** (<0.000) −0.413** (<0.000)

Potential spatial access scores to PCPs
Within 5 km catchment −0.373** (<0.000) −0.139 (0.229)

a The variables listed represent proportions of individuals within the neighbourhood/community of
the respective variable with the exception of the variable on potential spatial access scores to PCPs.
b Refers to the proportion of individuals who (a) attended high school, but did not complete (High
School, no Diploma) and (b) attended and completed high school (High School, Diploma).
*Two-tailed significance at the 0.05 level.
**Two-tailed significance at the 0.01 level.
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Areal Unit Problem is present due to the spatial
units used (neighbourhood/community); it is pos-
sible that results will differ using data at smaller
spatial scales. As discussed previously, the Chicago
physician data set excluded about 800 PCPs as the
publicly available data only includes 1132. This
introduces an analytical bias. The model also did
not account for populations and PCPs located
outside of the study areas. The 5 km threshold may
not reflect the actual distance the populations
would travel to PCPs, and is a dichotomous
measure assuming that all individuals living within
this distance have equal access (Wang, 2006). As
this was an exploratory study, a simplified model
was used instead of advanced models that consider
transport mode and travel time which impact
healthcare resource utilization (Wang, 2006;
Toivakka et al., 2015). Nevertheless, the access
scores identified neighbourhoods/communities
with relatively low potential access to PCPs.
The results indicate that various contextual

factors were associated, or predicted, the areal
variance in diabetes prevalence for both cities.

Bivariate correlation revealed an income and
education gradient previously acknowledged as
significant at the individual level (Haydon et al.,
2006; Creatore et al., 2010; Grigsby-Toussaint
et al., 2010). The opposing associations between
native- and foreign-born populations with diabetes
prevalence between the cities may be explained by
considering the healthy immigrant effect; immi-
grants typically have better health status upon
arrival, which gradually deteriorates as they live in
their host country (Vissandjee et al., 2004). The
negative association found for Chicago may reflect
the first phase, while the positive association for
Toronto may reflect the later phase due to the
variables; the Canadian foreign-born population
attribute included all individuals granted landed
immigrant status (Statistics Canada, 2011).
Consequently, the findings for Toronto may be
obscured as half of the population was born
elsewhere in 2006 (City of Toronto, 2014).
The associations between ethnic groups and

diabetes rates follow immigration trends for both
cities. Results identified long-standing immigrant
populations, specifically Southern Europeans
in Toronto, and African, South and Native
Americans in Chicago, through positive associ-
ations with diabetes. Negative associations were
found for more recent immigrant groups for
Chicago: South Americans, Eastern Europeans
and Asians (Illinois Coalition for Immigration and
Refuge Rights, 2010). As Toronto had more
immigrants from Asia, Middle East and Latin
America since 1980, the results may indicate that
length of residency increases propensity for
developing diabetes (Toronto Public Health,
2007). These associations also reflect past North
American study findings which found that South

Table 2 Multivariate linear regression results for diabetes prevalence for Toronto neighbourhoods, 2006–07, and
Chicago Communities, 2008–12

City of Toronto City of Chicago

Independent variables β SE P-value Independent variables β SE P-value

Households below poverty 0.081 0.017 <0.000 Households below poverty 0.874 0.190 <0.000
High school diploma 0.344 0.034 <0.000 High school, no diploma 0.323 0.010 0.010
Unemployment 0.154 0.085 0.073 Unemployment 0.186 1.304 0.196
South American POB 0.374 0.055 <0.000 African POB 0.018 0.129 0.897
African ancestry −0.091 0.055 0.102 African ancestry 0.346 0.119 0.005
R2 0.834** 0.473**

POB = place of birth.
**Two-tailed significance at the 0.01 level.

Table 3 Multivariate linear regression results with the
inclusion of public health insurance for Chicago com-
munities, 2008–12

Independent variables β SE P-value

Households below poverty 0.168 1.132 0.261
High school diploma 0.001 0.008 0.993
Unemployment 0.083 0.551 0.583
African POB 0.167 1.915 0.059
African ethnicity 0.180 1.677 0.098
Public health insurance 1.224 0.141 <0.000
R2 0.503**

POB = place of birth.
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Asian, African and Latin American immigrant
populations have higher risks for diabetes
(Vissandjee et al., 2004; Haydon et al., 2006;
Creatore et al., 2010). The ‘Westernized’ diet and
lifestyle were identified as reasons for differences;
other studies suggested that recent immigrants
tend to have lower-socio-economic status and dif-
ficulties in procuring employment with benefits,
impacting their healthcare service use (Vissandjee
et al., 2004; Dinca-Panaitescu et al., 2011; Jack
et al., 2012). Consequently, these known links
between ethnicity and socio-economic may also be
affecting results, as statistical analyses identified
several positive associations for certain ethnic
groups and variables related to socio-economic
status with diabetes prevalence; however, this
would need to be further explored at the
individual level.
For Chicago, public health insurance was a sig-

nificant explanatory factor. Since public healthcare
coverage is mostly granted to seniors and indivi-
duals that lack financial resources, or have
disability benefits or certain health conditions
(Klees et al., 2011), public healthcare coverage can
be a proxy for socio-economic status. Thus, the
results may be identifying the most vulnerable
communities as those with higher proportions
of seniors, who have a greater propensity for
diabetes, and individuals that have public health
insurance coverage.

Conclusion

This study demonstrated that statistical analyses
can identify contextual factors that were associated
with, or predicted, diabetes prevalence for two
North American cities differing in healthcare
systems and population socio-economic compo-
sition at the neighbourhood/community level. The
results should be interpreted with caution as
this study investigated neighbourhood-level con-
textual factors (related to spaces), not composi-
tional factors (related to individuals). Accordingly,
smaller areal units can be utilized with health data
at the same level to determine whether other
contextual factors are associated with, and can
predict, variances in health outcomes. Although
additional research is required to verify the find-
ings, these methods can potentially help identify
disadvantaged groups within the neighbourhoods/

communities requiring more health-related resour-
ces, structural improvements, or health intervention
programmes. Relevant health resource allocation
and policy changes can be made to directly impact
the most vulnerable neighbourhoods/communities
to improve their overall health.
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