
RESEARCH Open Access

The influence of socioeconomic status on
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Abstract

Background: Articulating future risk of diabetes at the population level can inform prevention strategies. While
previous studies have characterized diabetes burden according to socioeconomic status (SES), none have studied
future risk.

Methods: We quantified the influence of multiple constructs of SES on future diabetes risk using the Diabetes
Population Risk Tool (DPoRT), a validated risk prediction algorithm that generates 10-year rates of new diabetes
cases. We applied DPoRT to adults aged 30–64 in the 2011–2012 Canadian Community Health Survey (n = 65,372)
and calculated risk for 2021–22. A multi-category outcome was created classifying risk as low (≤5 %), moderate
(greater than 5 % and less than 20 %), and high (≥20 %), then assessed the impact of individual-level SES indicators,
and area-level measures of marginalization on being moderate or high risk using multinomial logistic regression,
stratified by sex.

Results: We found nuanced profiles of social determinants by sex, where women are more sensitive to social
context. Women living in households where highest educational attainment was less than secondary school were
at greater risk [odds ratio (OR) of high compared to low diabetes risk 3.10, 95 % confidence interval (CI) 2.19-4.40,
p < 0.0001). The same relationship was less pronounced for males (OR 2.17, 95 % CI 1.42-3.32, p = 0.0004). Lower
household income and being food insecure predicted high future diabetes risk for women (OR 1.37, 95 % CI 1.01-1.86,
p = 0.0418 comparing quintile 1 to quintile 5; OR 2.64, 95 % CI 1.78-3.92, p < 0.0001 comparing severely food insecure
to food secure), but not men (OR 1.15, 95 % CI 0.84-1.57, p = 0.3818 and OR 1.22, 95 % CI 0.71-2.10, p = 0.4815). At the
area-level, material deprivation was significantly associated with increased future risk comparing the most to the least
deprived (OR females 2.39, 95 % CI 1.77-3.23; OR males 1.61, 95 % CI 1.22-2.14). Additionally, a strong protective effect
was observed for women living in ethnically dense areas (OR 0.75, 95 % CI 0.63-0.89, p = 0.0011) which was not as
pronounced for men (OR 0.95, 95 % CI 0.76-1.18, p = 0.6351).

Conclusions: This study characterized socio-contextual predictors for future diabetes risk, showing sex-specific effects.
Diabetes prevention must consider factors beyond individual-level behavioral lifestyle change and actively take steps to
mitigate the adverse impacts of socio-contextual factors.
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Background
The rapidly rising burden of type 2 diabetes mellitus rep-
resents a burgeoning threat to population health [1, 2]
and is associated with significant morbidity, mortality, and
economic burden [3]. In Canada, diabetes is the seventh-
leading cause of death [4] with 4.2 million cases projected
by 2020 [1]. As such, preventative action to curb the tide
of diabetes is urgently warranted.
The determinants of diabetes are multifactorial [5, 6].

In understanding disease risk, it is critical to acknow-
ledge broad factors underpinning inequitable distribu-
tions of disease such that adverse health is concentrated
among the more disadvantaged [7, 8]. Diabetes is more
common among the poor and excluded [9, 10], and
diabetes risk factors have been shown to be most
prevalent among the most socioeconomically disadvan-
taged [11–17]. Additionally, once diagnosed with dia-
betes, individuals of lower socioeconomic status (SES)
are at greater risk of mortality compared to those of
higher SES [10, 18]. Previous work has explored sex-
specific patterning of the impact of social position on dia-
betes risk, with most positing that the association exists
more strongly in women than in men [19–22]. Despite
these characterizations of the SES-gradients in diabetes
risk, explicit consideration of future population-level dia-
betes risk, a measure that is key in designing effective and
impactful diabetes prevention policy, is lacking.
Developing disease prevention strategies includes iden-

tifying the level of risk (i.e. the probability of developing
diabetes) in the population under study, which can be
determined using population-based risk tools. The
Diabetes Population Risk Tool (DPoRT) is a validated
risk prediction algorithm designed to generate population-
level diabetes risk estimates using routinely-collected
health survey data [23] and is currently being implemented
in public health agencies to inform chronic disease preven-
tion programming [24].
This study aims to elucidate the contextual determi-

nants of high population-level risk for diabetes, taking a
diverse perspective on SES by exploring the associations
of individual- and area-level constructs of SES with in-
creased diabetes risk. This work takes a novel perspec-
tive by characterizing future risk at the population level,
making use of a validated population risk algorithm.

Methods
Data source
Data was obtained from the Share File of the Canadian
Community Health Survey (CCHS) annual component,
2011. The CCHS is a nationally representative cross-
sectional survey administered by Statistics Canada that
collects information on the health status and determi-
nants of the Canadian population [25]. The CCHS em-
ploys a multi-stage stratified cluster design, drawing

from a sample of approximately 65,000 respondents
representing roughly 98 % of the Canadian population,
12 years of age or older, living in the ten provinces and
three territories. The 2 % of individuals not represented
by the survey are those who are full time members of
the Canadian Forces, and those residing on First Nations
Reserves, Crown Lands, in institutions, or in certain re-
mote areas. The CCHS employs three sampling frames
to select the sample of households to survey, of which
40.5 % of the sample are selected from an area frame,
58.5 % are selected from a list frame of telephone num-
bers, and 1 % are selected from a Random Digit Dialling
(RDD) sampling frame. Further details regarding the
CCHS methodology are documented elsewhere [25].

The Diabetes Population Risk Tool (DPoRT)
The details on the development and validation of the
Diabetes Population Risk Tool (DPoRT) has been devel-
oped and validated previously [23, 26]. Briefly, the tool
was developed by linking 1996/7 and 2001 respondents
to a validated diabetes registry in order to generate
survival-based predication equations for diabetes inci-
dence [24]. These equations were subsequently devel-
oped across time (using an alternate survey) as well as
externally validated in another province. These risk
equations have been used to estimate future burden of
diabetes in several jurisdictions as well as have been
used to assess the impact of diabetes interventions. In
this study, we used DPoRT to generate risk probabilities
of developing physician-diagnosed diabetes for each
respondent of the CCHS 2011. The study population in-
cluded individuals between 20 and 65 years old, non-
pregnant, and not previously diagnosed with diabetes.
We restricted the population to individuals 65 years and
younger, given that the individual-level and ecological
social determinants of health among the working age
and non-working-age populations are conceptually dif-
ferent. For example, the elderly are to a greater extent
affected by dependency, and taking a life course approach,
experience a greater accumulation of socioeconomic dis-
advantage late in life compared to their younger counter-
parts. In particular, given the focus of this study on the
primary prevention of diabetes, we wished to focus on the
non-elderly for whom preventive interventions might have
the greatest impact. In this analysis, risk is calculated
for a 10-year period, i.e. probabilities generated by
DPoRT are for developing physician-diagnosed diabetes
within 10 years.
DPoRT was developed using routinely collected, self-

reported health behaviour and socio-demographic infor-
mation from the 1996 National Population Health Survey
(NPHS). DPoRT is based on the Weibull survival distribu-
tion, a time-to-event model that predicts the probability
of developing diabetes in a given follow-up time period by
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incorporating time in its equation. Sex-specific versions of
DPoRT were created to acknowledge that predictors
of diabetes are distinct for males and females [27].
Self-reported information required to generate DPoRT
estimates include age, sex, body mass index, ethnicity,
immigrant status (for women only), education, smoking
status, history of hypertension, and history of heart
disease. A complete description of the sex-specific DPoRT
algorithm formulae and an example of its use for risk
calculation is available [23, 26].

Study variables
The outcome, “DPoRT risk category”, was created using
10-year DPoRT estimates categorized into low (less or
equal to 5 % risk), medium (greater than 5 % and less
than 20 % risk), and high-risk (greater than or equal to
20 %) groups. The cut-offs employed in creating these
risk categories were chosen based on previous empiric
studies [26].
We examined DPoRT risk in relation to individual-

level and area-level indicators of socioeconomic status
(SES). Individual-level explanatory variables included
household educational level, equivalized household in-
come quintile, and food security status. The CCHS re-
ports highest household educational attainment in four
categories: less than secondary school graduation, sec-
ondary school graduation, some post-secondary school,
and post-secondary graduation. Food security status as
provided by the CCHS has three categories: food secure,
moderately food insecure, and severely food insecure.
Equivalized household income quintiles were con-
structed from total household income provided in the
CCHS weighted by the number of household members
in different age groups. Area-level indicators of SES were
obtained using the Canadian Marginalization Index
(CAN-Marg) for material deprivation and ethnic con-
centration [28]. The CAN-Marg material deprivation
index measures the relative socioeconomic disadvantage
of a census dissemination area (DA) compared to the
rest of Canada. The dissemination area is the smallest
geographic area at which all census data is disseminated
and consists of populations of 400–700 individuals.
CAN-Marg is a census- and geographically based index,
developed using a theoretical framework based on previ-
ous work on deprivation and marginalization and empiric-
ally created using principal components factor analysis
[28].This index uses six variables from the 2006 Canadian
Census: population aged 25 and over without a certificate,
diploma, or degree; lone-parent families; population re-
ceiving government transfer payments; unemployed popu-
lation aged 15 and over; population under the low-income
cut-off; and households living in dwellings needing major
repairs. The CAN-Marg ethnic concentration index was
constructed using two Census variables: proportion of

recent immigrants, and proportion of visible minorities.
CAN-Marg indices were linked to individual-level CCHS
Share File data using Statistics Canada’s Postal Code
Conversion File Plus. Concepts explored as potential
third variables were age, white/non-white ethnicity,
immigrant status, self-perceived health, physical activity
level, smoking status, and satisfaction with life.

Statistical analysis
Analyses were carried out separately for women and men.
Descriptive statistics were generated to characterize the
study population. Multinomial logistic regression was
employed to assess the impact of individual- and area-
level socioeconomic factors on the categorical DPoRT
outcome, providing odds ratios and 95 % confidence inter-
vals. Models were age- and multivariate-adjusted for other
demographic and health behaviour- and attitude factors
based on public health significance in conceptualizing the
relationship between diabetes risk and social context.
Fully-adjusted models included continuous age, white/
non-white ethnicity, immigrant status, self-perceived
health (excellent, very good, good, fair, poor), physical ac-
tivity level (active, moderately active, inactive), smoking
status (three categories, employing Centres for Disease
Control criteria: current smoker, former smoker, never
smoker) and satisfaction with life (very satisfied/satisfied,
neutral, dissatisfied/very dissatisfied).
Results were generated using sample weights provided

by Statistics Canada, and bootstrapping techniques were
used to calculate variance estimates and confidence in-
tervals. These procedures were employed to account for
the sampling methodologies of the CCHS. Analyses were
conducted using SAS, version 9.3 (SAS Institute, Cary
NC). Ethics approval for this study was obtained through
the University of Toronto Research Ethics Board.

Results
Study population
Among CCHS 2011 survey respondents, n = 65,372
individuals (n = 36,030 females, n = 29,342 males) were
eligible for inclusion and had DPoRT risk estimates
generated. The study cohort represents n = 9,411,692
females and n = 9,405,332 males in the Canadian popula-
tion. Table 1 provides weighted descriptive frequencies to
characterize the study population.
In comparing strata for SES indicators (Table 1), individ-

uals belonging to less-advantaged strata contain higher
proportions of individuals in moderate and high-risk dia-
betes categories, compared to individuals belonging to
more-advantaged strata. This is most marked for house-
hold educational attainment: for women and men respect-
ively, 19.2 % and 25.7 % of respondents in households
with less than secondary school education belonged to the
high-risk diabetes category, compared to 6.4 % and 13.2 %
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Table 1 Characteristics of male and female survey participants, by Diabetes Population Risk Tool risk category (representative of n = 9,411,692 females and n = 9,405,332 males
in Canada)

Females Males Differences between females and males

Overall
(n, weighted)

Low
Risk (%)

Moderate
Risk (%)

High
Risk (%)

Overall
(n, weighted)

Low
Risk (%)

Moderate
Risk (%)

High
Risk (%)

Low Risk Moderate Risk High Risk

Socioeconomic status

Education, Highest
attained in household

Less than secondary 314,654 31.4 49.4 19.2 323,506 27.1 47.2 25.7 p = 0.002 p = 0.006 p = 0.034

Secondary school graduation 854,063 40.6 45.7 13.6 894,214 34.3 45.4 20.3

Some post-secondary 356,749 49.5 43.0 7.4 341,555 44.3 42.4 13.3

Post-secondary graduation 7,495,265 58.7 34.8 6.4 7,264,029 42.9 44.0 13.2

Household income quintile

Quintile 1 (lowest 20 %) 1,676,952 50.7 39.4 9.9 1,301,012 45.9 39.6 14.5 p = 0.030 p < 0.001 p < 0.001

Quintile 2 1,737,598 52.7 39.0 8.3 1,566,842 40.5 42.6 16.9

Quintile 3 1,922,377 54.7 37.4 7.8 1,814,805 44.1 41.0 14.8

Quintile 4 1,986,387 56.4 36.9 6.7 2,199,854 42.6 42.6 14.8

Quintile 5 (highest 20 %) 2,060,668 62.5 32.0 5.5 2,493,332 38.8 49.3 11.9

Food security

Food secure 8,504,214 66.9 29.1 4.0 8,690,076 41.8 44.1 14.1 p = 0.066 p < 0.001 p < 0.001

Moderately insecure 595,581 58.4 35.2 6.4 508,832 46.5 36.7 16.8

Severely insecure 258,119 47.5 42.1 10.3 163,891 39.2 43.5 17.3

Demographics

Ethnicity

White 7,276,422 59.5 34.3 6.2 7,210,856 43.9 43.8 12.2 p = 0.006 p < 0.001 p = 0.460

Non-white 2,135,270 42.5 45.4 12.1 2,194,476 35.6 43.2 21.2

Immigrant status

Yes 7,240,573 59.2 34.5 6.4 7,070,795 43.8 43.5 12.7 p = 0.001 p = 0.001 p = 0.293

No 2,171,119 44.0 44.6 11.4 2,278,513 36.8 44.2 19.0

Health, behavior, attitudes

Self-perceived health

Excellent 2,110,877 68.4 28.9 2.6 2,171,360 53.3 39.6 7.1 p < 0.001 p < 0.001 p < 0.001

Very good 3,918,268 59.9 35.2 4.9 3,917,345 44.2 43.7 12.1

Good 2,523,097 45.4 42.5 12.1 2,591,761 34.6 46.0 19.4
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Table 1 Characteristics of male and female survey participants, by Diabetes Population Risk Tool risk category (representative of n = 9,411,692 females and n = 9,405,332 males
in Canada) (Continued)

Fair 665,897 35.3 47.5 17.2 570,411 24.4 46.2 29.4

Poor 189,992 34.7 44.3 21.0 141,213 16.7 49.1 34.2

Total physical activity level
(leisure and transportation)a

Active 2,636,812 66.9 29.1 4.0 2,956,217 49.7 44.1 14.1 p < 0.001 p < 0.001 p = 0.002

Moderately active 2,546,977 58.4 35.2 6.4 2,454,829 41.7 36.7 16.8

Inactive 4,126,345 47.5 42.1 10.3 3,925,487 36.2 43.5 17.3

Smoking status

Current 1,942,810 57.3 36.5 6.2 2,444,004 43.5 43.8 12.7 p < 0.001 p < 0.001 p < 0.001

Former 2,163,606 50.0 40.0 9.9 2,381,000 29.1 50.0 20.9

Never 4,032,660 55.9 36.6 7.5 3,099,374 48.8 39.0 12.2

Satisfaction with life

Very satisfied/satisfied 8,676,427 57.2 36.3 6.6 8,717,436 42.7 43.5 13.8 p = 0.489 p = 0.161 p < 0.001

Neutral 414,434 43.9 39.0 17.2 429,938 32.0 47.4 20.5

Dissatisfied/very dissatisfied 238,404 37.6 42.7 19.7 229,700 35.2 41.8 23.0

Can-marg indicesb

Material deprivation

Quintile 1 (least deprived 2,283,994 63.4 31.7 4.9 2,257,736 42.4 45.9 11.7 p < 0.001 p < 0.001 p = 0.224

Quintile 2 2,065,506 55.6 36.7 7.6 2,007,398 43.4 42.3 14.3

Quintile 3 1,910,718 53.7 38.1 8.2 1,892,162 41.2 43.0 15.9

Quintile 4 1,668,042 52.8 39.0 8.3 1,652,956 42.5 42.1 15.4

Quintile 5 (most deprived) 1,483,432 49.7 40.6 9.8 1,595,080 40.1 44.8 15.1

Ethnic concentration

Quintile 1 (least concentrated) 1,369,771 52.4 39.2 8.4 1,385,597 35.5 47.9 16.6 p = 0.026 p = 0.230 p = 0.028

Quintile 2 1,630,547 56.9 35.5 7.6 1,630,486 39.6 46.0 14.4

Quintile 3 1,844,042 58.1 36.2 5.7 1,835,057 43.8 41.5 14.6

Quintile 4 2,105,588 57.3 35.2 7.5 2,035,845 45.7 41.9 12.4

Quintile 5 (most concentrated) 1,461,744 53.4 38.2 8.4 2,518,346 42.8 42.8 14.4
aTotal physical activity level as determined by the Canadian Community Health Survey is derived for respondents based on average daily energy expenditure values (kcal/kg/day) calculated from a series of questions
about physical activity (i.e. usual daily activities or occupational-related physical activity), physical activity related to travel (i.e. biking or walking to school or work), and leisure time physical activity (i.e. walking, running,
gardening, sports) by the respondent in the past three months [25]
bThe Canadian Marginalization Index (CAN-Marg) is a census- and geographically based index,developed using a theoretical framework based on previous work on deprivation and marginalization and empirically
created using principal components factor analysis [23]
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of those living in a household where a member graduated
from post-secondary school. For both sexes, similar trends
occur for household income strata (9.9 % of women and
14.5 % of men in the lowest income quintile had greater
than 20 % 10-year risk for diabetes, compared to 5.5 % of
women and 11.9 % of men in the highest income quintile)
and food security status (10.3 % of severely insecure
women were in the high-risk group versus 4.0 % of food
secure women; 17.3 % of severely insecure men were at
high-risk compared to 14.1 % of food secure men). For
area-level CAN-Marg indices, similar trends are observed
in comparing the least- and most-materially advantaged
strata for proportion belonging to the highest-risk cat-
egory, where 9.8 % of the most materially deprived women
are at high-risk versus 4.9 % of the least deprived. A com-
parison of the proportion of women in the high-risk group
for the most and least ethnically dense quintiles shows no
difference (both 8.4 %). In men, the least ethnically con-
centrated quintile has a higher proportion of individuals
at high-risk (16.6 %) compared to 14.4 % of individuals in
the most concentrated quintile being at highest risk.

Associations of individual-level household education,
income, and food security with DPoRT risk
Age- and multivariate-adjusted regression results are pre-
sented in Tables 2 and 3, detailing associations between

individual-level social context indicators and moderate
and high-risk categories of DPoRT risk.
In fully-adjusted models, women living in households

where the highest educational attainment is less than
secondary school graduation had twice the odds of being
at moderate risk of developing diabetes in 10 years,
compared to women living in households where the
highest attainment was post-secondary school gradu-
ation [odds ratio (OR) 2.04, 95 % confidence interval
(CI) 1.63-2.55; p <0.001]. Additionally, women in house-
holds with high school graduation has a 77 % increase in
odds for being in the moderate risk compared to women
in households with post-secondary graduation (OR 1.77,
95 % CI 1.50-2.09; p < 0.0001). For men, the associations
between household education level and moderate dia-
betes risk were less pronounced than for women: men in
households where highest education was less than sec-
ondary graduation were 39 % more likely to be at mod-
erate risk than men in households with post-secondary
graduation (OR 1.39, 95 % CI 1.01-1.92; p < 0.0430).
Models for high-risk diabetes show more marked effects:
women in households with less than secondary educa-
tion having three times the increased odds of a 10-year
diabetes risk of 20 % or greater compared to women in
households with the most education (OR 3.10, 95 % CI
2.19-4.40; p < 0.0001). For men, comparison of the same

Table 2 Bivariatea and multivariate-adjustedb odds of moderate (greater than 5 % to less than 20 %) risk of developing diabetes in
the next 10 years, according to individual-level education, income, and food security, from a multinomial logistic regression model
compared to low-risk (≤5 %)

Moderate risk

Females Males

Age-adjusted Fully-adjusted Age-adjusted Fully-adjusted

Highest level of household
education

Less than secondary 2.37 (1.93-2.92, p < 0.0001)* 2.04 (1.63-2.55), p < 0.0001* 1.47 (1.10-1.98), p = 0.0103* 1.39 (1.01-1.92), p = 0.0430*

Secondary graduation 1.87 (1.61-2.17, p < 0.0001)* 1.77 (1.50-2.09), p < 0.0001* 1.47 (1.20-1.81), p = 0.0002* 1.47 (1.15-1.87), p = 0.0022*

Some post-secondary 1.82 (1.42-2.33, p < 0.0001)* 1.83 (1.42-2.36), p < 0.0001* 1.28 (0.95-1.72), p = 0.1026 1.34 (0.98-1.84), p = 0.0642*

Post-secondary grad Reference Reference Reference Reference

Household income quintile

Quintile 1 (lowest) 2.11 (1.84-2.43), p < 0.0001* 1.43 (1.22-1.67), p < 0.0001* 1.59 (1.30-1.95), p < 0.0001* 1.05 (0.84-1.33), p = 0.6624

Quintile 2 1.79 (1.57-2.03), p < 0.0001* 1.36 (1.16-1.59), p = 0.0002 1.67 (1.40-2.00), p < 0.0001* 1.25 (1.01-1.56), p = 0.0430*

Quintile 3 1.55 (1.37-1.76), p < 0.0001* 1.36 (1.19-1.56), p < 0.0001* 1.19 (1.02-1.40), p = 0.0325* 0.99 (0.82-1.20), p = 0.9239

Quintile 4 1.40 (1.23-1.59), p < 0.0001* 1.39 (1.20-1.60), p < 0.0001* 1.18 (1.01-1.38), p = 0.0406* 1.17 (0.98-1.39), p = 0.0796

Quintile 5 (highest) Reference Reference Reference Reference

Food security

Food secure Reference Reference Reference Reference

Moderately insecure 1.77 (1.45-2.16), p < 0.0001* 1.57 (1.26-1.95), p < 0.0001* 1.00 (0.77-1.31), p = 0.9767 0.76 (0.56-1.03), p = 0.0808

Severely insecure 1.54 (1.22-1.95), p = 0.0003* 1.30 (1.00-1.69), p = 0.0532 1.40 (0.98-2.00), p = 0.0636 1.16 (0.76-1.76), p = 0.4885
aBivariate model adjusts for continuous age. bMultivariate model adjusts for continuous age, white/non-white ethnicity, immigrant status, self-perceived health,
smoking status, physical activity level, and life satisfaction
*indicates statistical significance at alpha = 0.05
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strata is still large but of smaller magnitude than the
relationship in women (OR 2.17, 95 % CI 1.42-3.32;
p = 0.0004).
Multivariate adjusted models comparing women of

lower household income quintiles to the highest quintile
demonstrate increased odds of being categorized as
moderate risk (Quintile 1 compared to Quintile 5, OR
1.43, 95 % CI 1.22-1.67; p < 0.0001) and high risk (Quin-
tile 1 compared to Quintile 5, OR 1.37, 95 % CI 1.01-
1.86; p = 0.0418). For the female cohort, effect sizes for
the odds of being categorized as moderate risk and high
risk comparing income strata to the reference group
showed less variation than comparisons of educational
strata to the highest education category (Tables 2 and 3).
Comparing income strata for males, the odds of being at
high risk was observed for some comparisons (Quintile
2 compared to Quintile 5, OR 1.63, 95 % CI 1.21-2.19;
p = 0.0013) but was not significant comparing the most
deprived quintile to the reference group (OR 1.15, 95 %
CI 0.84-1.57; p = 0.3818).
The impact of food security on being at increased risk

for diabetes was observed for women but not men in
multivariate models. Compared to food secure women,
moderately food insecure women were more likely to be
in the moderate risk category (OR 1.57, 95 % CI 1.26-
1.95; p < 0.0001) and the high-risk category (OR 1.56,
95 % CI 1.08-2.27; p = 0.0194). Associations were also

observed in comparing severely food insecure women to
those that are food secure for being categorized as mod-
erate risk (OR 1.30, 95 % CI 1.00-1.69; p = 0.0532) and
high risk (OR 2.64, 95 % CI 1.78-3.92; p < 0.0001).

Associations of CAN-Marg material deprivation and ethnic
concentration indices with DPoRT risk
Tables 4 and 5 provides bivariate age-adjusted and
multivariate adjusted multinomial regression result for
CAN-Marg indices of interest.
Associations were observed for material deprivation

with increased likelihood of being categorized as mod-
erate risk and high risk for women, but not men. Effect
sizes increase monotonically comparing strata of in-
creased deprivation to the least deprived reference
quintile. The largest effect size occurs in comparing the
most deprived quintile to the least deprived, indicating
64 % increased likelihood of being at moderate risk
(OR 1.64, 95 % CI 1.39-1.94; p < 0.0001) and over two
times increased risk of being at high risk (OR 2.39,
95 % CI 1.77-3.23; p < 0.0001).
A protective effect was shown for the most ethnically

concentrated areas compared to the reference category
on being at moderate risk (OR) and high risk (OR). The
strongest protective effect was seen comparing the most
ethnically concentrated quintile of women to the least
concentrated for being at moderate risk (OR 0.75, 95 %

Table 3 Bivariatea and multivariate-adjustedb odds of high risk (≥20 %) of developing diabetes in the next 10 years, according to
individual-level education, income, and food security, from a multinomial logistic regression model compared to low-risk (≤ %)

High risk

Females Males

Age-adjusted Fully-adjusted Age-adjusted Fully-adjusted

Highest level of household
education

Less than secondary 4.18 (3.10-5.68), p < 0.0001* 3.10 (2.19-4.40), p < 0.0001* 2.47 (1.72-3.53), p < 0.0001* 2.17 (1.42-3.32), p = 0.0004*

Secondary graduation 2.80 (2.22-3.53), p < 0.0001* 2.84 (2.20-3.67), p < 0.0001* 2.18 (1.71-2.76), p < 0.0001* 2.22 (1.66-2.98), p < 0.0001*

Some post-secondary 1.92 (1.24-2.98), p = 0.0037* 2.11 (1.29-3.46), p = 0.0029* 1.34 (0.93-1.92), p = 0.1182 1.43 (0.94-2.18), p = 0.0974

Post-secondary grad Reference Reference Reference Reference

Household income quintile

Quintile 1 (lowest) 3.67 (2.84-4.74), p < 0.0001* 1.37 (1.01-1.86), p = 0.0418* 2.92 (2.24-3.79), p < 0.0001* 1.15 (0.84-1.57), p = 0.3818

Quintile 2 2.36 (1.81-3.09), p < 0.0001*,¥ 1.38 (1.02-1.87), p = 0.0346* 3.28 (2.54-4.23), p < 0.0001*,¥ 1.63 (1.21-2.19), p = 0.0013*

Quintile 3 1.97 (1.51-2.57), p < 0.0001* 1.38 (1.04-1.85), p = 0.0280* 1.95 (1.54-2.47), p < 0.0001* 1.34 (1.02-1.77), p = 0.0353*

Quintile 4 1.50 (1.17-1.94), p < 0.0001* 1.36 (1.03-1.79), p = 0.0327* 1.86 (1.51-2.30), p < 0.0001* 1.57 (1.24-2.00), p = 0.0002*

Quintile 5 (highest) Reference Reference Reference Reference

Food security

Food secure Reference Reference Reference Reference

Moderately insecure 2.79 (2.01-3.86), p < 0.0001* 1.56 (1.08-2.27), p = 0.0194* 1.58 (1.09-2.30), p = 0.0161* 1.04 (0.62-1.74), p = 0.8839

Severely insecure 4.68 (3.25-6.74), p < 0.0001* 2.64 (1.78-3.92), p < 0.0001* 1.95 (1.29-2.97), p = 0.0017* 1.22 (0.71-2.10), p = 0.4815
aBivariate model adjusts for continuous age. bMultivariate model adjusts for continuous age, white/non-white ethnicity, immigrant status, self-perceived health,
smoking status, physical activity level, and life satisfaction
*indicates statistical significance at alpha = 0.05; ¥indicated female and male estimate significantly differ at alpha = 0.05
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CI 0.63-0.89; p = 0.0011) and high risk (OR 0.63, 95 % CI
0.47-0.86) for developing diabetes in the next 10 years.
For males, a protective effect was seen only in compar-
ing the most concentrated quintile to the reference
group for being at high risk (OR 0.66, 95 % CI 0.48-0.90;
p = 0.0040).

Discussion
This study explored the role of individual-level and
area-level social context indicators with future diabetes
risk. We found nuanced profiles of social determinants
for women and men, where women are more sensitive
to social context including lower household-level

Table 5 Bivariatea and multivariate-adjustedb odds of high risk of developing diabetes in the next 10 years, predicted by CAN-Marg
material deprivation and ethnic concentration indices

High risk

Females Males

Age-adjusted Fully-adjusted Age-adjusted Fully-adjusted

CAN-Marg Material
deprivation

Q1 (least deprived) Reference Reference Reference Reference

Quintile 2 1.75 (1.35, 2.27), p < 0.0001* 1.75 (1.29, 2.37), p = 0.0003* 1.47 (1.13, 1.92), p = 0.0047* 1.38 (1.02, 1.86), p = 0.0348*

Quintile 3 1.99 (1.53, 2.58), p < 0.0001* 1.71 (1.29, 2.29), p = 0.0002* 1.57 (1.23, 2.01), p = 0.0003* 1.58 (1.19, 2.10), p = 0.0014*

Quintile 4 2.35 (1.81, 3.06), p < 0.0001* 2.03 (1.50, 2.76), p < 0.0001* 1.82 (1.43, 2.32), p < 0.0001* 1.61 (1.22, 2.14), p = 0.0009*

Q5 (most deprived) 2.91 (2.23, 3.78), p < 0.0001* 2.39 (1.77, 3.23), p < 0.0001* 2.00 (1.54, 2.60), p < 0.0001* 1.33 (0.98, 1.81), p = 0.0643

CAN-Marg Ethnic
concentration

Q1 (least concentrated) Reference Reference Reference Reference

Quintile 2 0.88 (0.71, 1.10), p = 0.2623 0.80 (0.63, 1.02), p = 0.0711 0.90 (0.72, 1.13), p = 0.3716 0.93 (0.72, 1.19), p = 0.5768

Quintile 3 0.69 (0.55, 0.86), p = 0.0011*,¥ 0.56 (0.43, 0.73), p < 0.0001*,¥ 0.92 (0.73, 1.17), p = 0.4912 0.97 (0.74, 1.27), p = 0.8240¥

Quintile 4 1.21 (0.94, 1.57), p = 0.1402 0.93 (0.69, 1.24), p = 0.6006 0.95 (0.75, 1.21), p = 0.6840 0.79 (0.60, 1.04), p = 0.0927

Q5 (most concentrated) 1.63 (1.27, 2.09), p = 0.0001* 0.63 (0.47, 0.86), p = 0.0040* 1.81 (1.41, 2.32), p < 0.0001* 0.66 (0.48, 0.90), p = 0.0097*
aBivariate model adjusts for continuous age. bMultivariate model adjusts for continuous age, white/non-white ethnicity, immigrant status, self-perceived health,
smoking status, physical activity level, and life satisfaction
*indicates statistical significance at alpha = 0.05; ¥indicated female and male estimate significantly differ at alpha = 0.05

Table 4 Bivariatea and multivariate-adjustedb odds of moderate risk of developing diabetes in the next 10 years, predicted by
CAN-Marg material deprivation and ethnic concentration indices

Moderate risk

Females Males

Age-adjusteda Fully-adjustedb Age-adjustedb Fully-adjustedb

CAN-Marg Material deprivation

Q1 (least deprived) Reference Reference Reference Reference

Quintile 2 1.32 (1.15-1.51), p < 0.0001* 1.33 (1.15-1.54), p = 0.0002 1.07 (0.91-1.25), p = 0.4336 1.03 (0.85-1.26), p = 0.7371

Quintile 3 1.44 (1.24-1.67), p < 0.0001* 1.39 (1.19-1.63), p < 0.0001 1.08 (0.93-1.27), p = 0.3245 1.07 (0.88-1.28), p = 0.5052

Quintile 4 1.60 (1.40-1.82), p < 0.0001* 1.51 (1.30-1.76), p < 0.0001 1.19 (1.01-1.41), p = 0.0376* 1.14 (0.93-1.40), p = 0.2019

Q5 (most deprived) 1.78 (1.55-2.04), p < 0.0001* 1.64 (1.39-1.94), p < 0.0001 1.39 (1.16-1.66), p = 0.0003* 1.13 (0.91-1.41), p = 0.2537

CAN-Marg Ethnic concentration

Q1 (least concentrated) Reference Reference Reference Reference

Quintile 2 0.86 (0.76-0.97), p = 0.0111* 0.81 (0.70-0.94), p = 0.0041* 0.96 (0.83-1.12), p = 0.5972 0.95 (0.80-1.13), p = 0.5740

Quintile 3 0.89 (0.78-1.01), p = 0.0697 0.84 (0.73-0.96), p = 0.0134* 0.83 (0.70-0.99), p = 0.0323* 0.86 (0.72-1.03), p = 0.1055

Quintile 4 1.01 (0.88-1.15), p = 0.9164 0.85 (0.73-0.99), p = 0.0326* 0.98 (0.83-1.16), p = 0.8281 0.89 (0.74-1.08), p = 0.2437

Q5 (most concentrated) 1.23 (1.07-1.41), p = 0.0031* 0.75 (0.63-0.89), p = 0.0011*,¥ 1.40 (1.17-1.67), p = 0.0002* 0.95 (0.76-1.18), p = 0.6351
aBivariate model adjusts for continuous age. bMultivariate model adjusts for continuous age, white/non-white ethnicity, immigrant status, self-perceived health,
smoking status, physical activity level, and life satisfaction
*indicates statistical significance at alpha = 0.05; ¥indicated female and male estimate significantly differ at alpha = 0.05
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education, household income, food insecurity, and
living in materially deprived areas, whereas men are
affected by lower household education only. Add-
itionally, a strong protective effect was observed for
women living in ethnically dense areas, which was
not as pronounced for men.

Mechanisms
Previous Canadian research has found lower educational
achievement level to be associated with increased
prevalence of Type 2 diabetes [29]. We found dia-
betes increased monotonically with lower education
levels in females, whereas for males only those in the
lowest educational strata were more likely to develop
diabetes. Education level is a useful proxy for SES,
where those with increased attainment are generally
employed in professions with higher remuneration,
which in turn provides the means to live healthily in-
cluding resources for healthy food, housing in a safe
neighbourhood, opportunities for physical activity, and
the lack of a precarious financial situation reduces
stress and allostatic load. In attaining formal educa-
tion, individuals are taught methods for obtaining and
appraising information which can benefit their ability
to integrate concepts central to healthy living. The
differential effects by sex may also be attributed to
the decreased return on educational investment for
females that has persisted over decades [30].
We found lower household income, food insecurity,

and area-level material deprivation to be important de-
terminants of high risk in women, but not men, consist-
ent with income gradients seen in other Canadian
analyses [31]. As an indicator of SES, income directly re-
flects resources available and thus a lack of resources
can impede optimal health. For example, a situation of
chronic precarious employment and financial instability
shifts one’s priorities away from being able to plan and
prepare nutritious meals and engage in physical activity
[32, 33]. The association detected between CAN-Marg
material deprivation, an indicator that encompasses vari-
ous facets of disadvantage, and higher risk corroborates
the aforementioned phenomena from an ecological
standpoint, supported in previous work that looked
at other area-level characteristics (crime, population
and retail density) and found a positive association
with diabetes prevalence [34]. Furthermore, low-
income females have been found to be less likely to
engage in active leisure activities [35]. In the case of
food insecure women, household food shortages have
been documented as a major barrier to implementing
nutrition guidelines; when tasked with the responsi-
bility of providing meals for dependents, women will
sacrifice optimal nutrition of their own meals to
those in the household [35].

Our results indicate that living in ethnically concen-
trated areas is a protective factor for diabetes high risk,
with larger effect sizes in females. These results provide
evidence of the “ethnic density effect”, whereby health
benefits are conferred for individuals of ethnic minorities
living in areas with dense ethnic populations [36]. Al-
though materially deprived areas are often those that are
ethnically concentrated, the protective effects observed in
our analyses speak to the potential positive impacts of
social cohesion, increased self-evaluation, and mitigated
effects of racism [36]. Previous American work has shown
the protective association between ethnic density and
mental health, noting the role of social support [37, 38].
Isolating the contributions of social capital, neighbour-
hood trust, reciprocity, and networks in mitigating adverse
health remain to be investigated further [36, 39].

Study limitations
A potential limitation of the outputs generated by
DPoRT is the tool’s reliance on self-reported health in-
formation as algorithm inputs to generate risk probabil-
ities. Self-reported health information is subject to
misclassification and can be influenced by respondent
characteristics such as knowledge of the health issue, re-
call ability, and social desirability bias [40]. Furthermore,
these tendencies are likely patterned by sex. In the case
of DPoRT, there is evidence that clinical risk tools that
incorporate self-reported data perform as well as models
that do not [41, 42]. Indeed, the tool’s basis on self-
reported risk factors, in fact, increases the accessibility
of the tool while maintaining accuracy.

Implications
This study contributes to the evidence informing our
understanding of how socioeconomic status at the indi-
vidual and ecological levels shape increased risk for dia-
betes. These findings should be considered by the
diabetes prevention and management community, and
by decision-makers who might influence the political
and economic structures that give rise to the socio-
contextual conditions that contribute to increased risk
for chronic diseases such as diabetes. In this age of rap-
idly rising chronic disease burden, primary prevention
strategies must go beyond the status quo promotion of
healthy lifestyles that target individuals. In light of these
findings, prevention strategies must include actions to
mitigate the adverse impacts of socio-contextual factors
that contribute to diabetes risk, which includes the con-
sideration of health in all policies, the modification of
social and economic structures that create inequality,
and the empowerment of those in positions of disadvan-
tage [43]. Under the status quo, diabetes has risen dra-
matically; a paradigm shift in the diabetes prevention
and management community is warranted.
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Key messages

� Articulating population-level future diabetes risk
informs primary prevention strategies.

� Women are more sensitive to social context with
respect to future diabetes risk.

� Area-level material deprivation predicts high risk,
while ethnic concentration is protective.

Competing interests
The authors have no competing interests to report.

Authors’ contributions
LAR and ML participated in the study design and performed statistical
analyses. LAR conducted the literature review and drafted the manuscript.
LCR developed and validated DPoRT, conceptualized and designed the
study, oversaw all analyses and contributed to the writing of the manuscript.
All authors read and approved the final manuscript.

Acknowledgements
The authors have no additional acknowledgements for this study.

Funding
This work was supported by the Canadian Institutes of Health Research
Operating Grant from the Institute of Nutrition Metabolism and Diabetes
(Funding Reference Number: 126615).

Author details
1Public Health Ontario, 480 University Avenue, Toronto, Ontario M5G 1 V2,
Canada. 2Dalla Lana School of Public Health, University of Toronto, 155
College Street, Health Sciences Building 6th Floor, Toronto, Ontario M5T
3 M7, Canada. 3Institute for Clinical Evaluative Sciences, G1 06, 2075 Bayview
Avenue, Veterans Hill Trail, Toronto, Ontario M4N 3 M5, Canada.

Received: 7 April 2015 Accepted: 15 October 2015

References
1. Lipscombe LL, Hux JE. Trends in diabetes prevalence, incidence, and

mortality in Ontario, Canada 1995–2005: a population-based study.
Lancet [Internet]. 2007 [cited 2014 Nov 17];369:750–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17336651

2. Carstensen B, Kristensen JK, Ottosen P, Borch-Johnsen K. The Danish
National Diabetes Register: trends in incidence, prevalence and mortality.
Diabetologia [Internet]. 2008 [cited 2014 Nov 5];51:2187–96. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18815769

3. Sharma AM, Padwal R, Karmali S, W. Birch D. Is it Time to Seriously
Target Obesity to Prevent and Control Diabetes? Can J Diabetes
[Internet]. Elsevier; 2011 [cited 2014 Nov 17];35:129–35. Available from:
http://www.canadianjournalofdiabetes.com/article/S1499267111520106/fulltext

4. Report from the National Diabetes Surveillance System: Diabetes in Canada,
2009: Table of Contents - National Diabetes Surveillance System - Public
Health Agency of Canada. 2009 [cited 2014 Nov 18]; Available from:
http://www.phac-aspc.gc.ca/publicat/2009/ndssdic-snsddac-09/index-eng.php

5. Hill J, Nielsen M, Fox MH. Understanding the social factors that contribute
to diabetes: a means to informing health care and social policies for the
chronically ill. Perm J [Internet]. 2013 [cited 2015 Jun 24];17:67–72. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3662286&
tool=pmcentrez&rendertype=abstract

6. McCarthy MI, Froguel P. Genetic approaches to the molecular
understanding of type 2 diabetes. Am J Physiol Endocrinol Metab
[Internet]. 2002 [cited 2014 Nov 18];283:E217–25. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12110525

7. Pampel FC, Krueger PM, Denney JT. Socioeconomic Disparities in Health
Behaviors. Annu Rev Sociol [Internet]. 2010 [cited 2015 Feb 22];36:349–70.
Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3169799&tool=pmcentrez&rendertype=abstract

8. Lynch JW, Kaplan GA, Salonen JT. Why do poor people behave poorly?
Variation in adult health behaviours and psychosocial characteristics by

stages of the socioeconomic lifecourse. Soc Sci Med [Internet]. 1997 [cited
2014 Nov 18];44:809–19. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/9080564

9. Kim YJ, Jeon JY, Han SJ, Kim HJ, Lee KW, Kim DJ. Effect of socio-economic
status on the prevalence of diabetes. Yonsei Med J [Internet]. 2015 [cited
2015 Jul 17];56:641–7. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=4397432&tool=pmcentrez&rendertype=abstract

10. Chaturvedi N, Jarrett J, Shipley MJ, Fuller JH. Socioeconomic gradient in
morbidity and mortality in people with diabetes: cohort study findings from
the Whitehall Study and the WHO Multinational Study of Vascular Disease
in Diabetes. BMJ [Internet]. 1998 [cited 2014 Nov 16];316:100–5. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2665385&
tool=pmcentrez&rendertype=abstract

11. Kim S-R, Han K, Choi J-Y, Ersek J, Liu J, Jo S-J, et al. Age- and sex-specific
relationships between household income, education, and diabetes mellitus
in Korean adults: the Korea National Health and Nutrition Examination
Survey, 2008–2010. PLoS One [Internet]. 2015 [cited 2015 Jul
17];10:e0117034. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=4306546&tool=pmcentrez&rendertype=abstract

12. Lee DS, Kim YJ, Han HR. Sex differences in the association between
socio-economic status and type 2 diabetes: data from the 2005 Korean
National Health and Nutritional Examination Survey (KNHANES). Public
Health [Internet]. 2013 [cited 2015 Jul 17];127:554–60. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23706862

13. Stern MP, Rosenthal M, Haffner SM, Hazuda HP, Franco LJ. Sex
difference in the effects of sociocultural status on diabetes and
cardiovascular risk factors in Mexican Americans. The San Antonio Heart
Study. Am J Epidemiol [Internet]. 1984 [cited 2014 Nov 16];120:834–51.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/6507426

14. Brancati FL, Whelton PK, Kuller LH, Klag MJ. Diabetes mellitus, race,
and socioeconomic status. A population-based study. Ann Epidemiol
[Internet]. 1996 [cited 2014 Nov 16];6:67–73. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8680628

15. Ismail AA, Beeching NJ, Gill G V, Bellis MA. Capture-recapture-adjusted
prevalence rates of type 2 diabetes are related to social deprivation.
QJM [Internet]. 1999 [cited 2014 Nov 16];92:707–10. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10581333

16. Connolly V, Unwin N, Sherriff P, Bilous R, Kelly W. Diabetes prevalence and
socioeconomic status: a population based study showing increased
prevalence of type 2 diabetes mellitus in deprived areas. J Epidemiol
Community Health [Internet]. 2000 [cited 2014 Nov 16];54:173–7. Available
from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1731634&tool=pmcentrez&rendertype=abstract

17. Agardh E, Allebeck P, Hallqvist J, Moradi T, Sidorchuk A. Type 2 diabetes
incidence and socio-economic position: a systematic review and meta-analysis.
Int J Epidemiol [Internet]. 2011 [cited 2014 Oct 4];40:804–18. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21335614

18. Saydah S, Lochner K. Socioeconomic status and risk of diabetes-related
mortality in the U.S. Public Health Rep [Internet]. 2010 [cited 2015 Mar
5];125:377–88. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=2848262&tool=pmcentrez&rendertype=abstract

19. Larrañaga I, Arteagoitia JM, Rodriguez JL, Gonzalez F, Esnaola S, Piniés JA.
Socio-economic inequalities in the prevalence of Type 2 diabetes,
cardiovascular risk factors and chronic diabetic complications in the Basque
Country, Spain. Diabet Med [Internet]. 2005 [cited 2014 Nov 16];22:1047–53.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/16026371

20. Robbins JM, Vaccarino V, Zhang H, Kasl S V. Socioeconomic status and type
2 diabetes in African American and non-Hispanic white women and men:
evidence from the Third National Health and Nutrition Examination Survey.
Am J Public Health [Internet]. 2001 [cited 2014 Nov 16];91:76–83. Available
from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1446485&tool=pmcentrez&rendertype=abstract

21. Rathmann W, Haastert B, Icks A, Giani G, Holle R, Meisinger C, et al. Sex
differences in the associations of socioeconomic status with undiagnosed
diabetes mellitus and impaired glucose tolerance in the elderly population:
the KORA Survey 2000. Eur J Public Health [Internet]. 2005 [cited 2014 Nov
16];15:627–33. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16051657

22. Tang M, Chen Y, Krewski D. Gender-related differences in the
association between socioeconomic status and self-reported diabetes.
Int J Epidemiol [Internet]. 2003 [cited 2014 Nov 16];32:381–5. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/12777423

Rivera et al. International Journal for Equity in Health  (2015) 14:101 Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/17336651
http://www.ncbi.nlm.nih.gov/pubmed/18815769
http://www.canadianjournalofdiabetes.com/article/S1499267111520106/fulltext
http://www.phac-aspc.gc.ca/publicat/2009/ndssdic-snsddac-09/index-eng.php
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3662286&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3662286&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/12110525
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3169799&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3169799&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/9080564
http://www.ncbi.nlm.nih.gov/pubmed/9080564
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4397432&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4397432&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2665385&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2665385&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4306546&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4306546&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/23706862
http://www.ncbi.nlm.nih.gov/pubmed/6507426
http://www.ncbi.nlm.nih.gov/pubmed/8680628
http://www.ncbi.nlm.nih.gov/pubmed/10581333
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1731634&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1731634&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/21335614
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2848262&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2848262&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/16026371
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1446485&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1446485&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/16051657
http://www.ncbi.nlm.nih.gov/pubmed/12777423


23. Rosella LC, Manuel DG, Burchill C, Stukel TA. A population-based risk
algorithm for the development of diabetes: development and validation
of the Diabetes Population Risk Tool (DPoRT). J Epidemiol Community
Health [Internet]. 2011 [cited 2014 Nov 17];65:613–20. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3112365&
tool=pmcentrez&rendertype=abstract

24. Manuel DG, Rosella LC, Hennessy D, Sanmartin C, Wilson K. Predictive risk
algorithms in a population setting: an overview. J Epidemiol Community
Health [Internet]. 2012 [cited 2014 Nov 17];66:859–65. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22859516

25. Statistics Canada. Canadian Community Health Survey - Annual Component
(CCHS). 2014 [cited 2014 Nov 14]; Available from: http://www23.statcan.gc.ca/
imdb/p2SV.pl?Function=getSurvey&SDDS=3226

26. Rosella LC, Lebenbaum M, Li Y, Wang J, Manuel DG. Risk distribution and its
influence on the population targets for diabetes prevention. Prev Med
(Baltim) [Internet]. 2014 [cited 2014 Nov 14];58:17–21. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24161397

27. Thorand B, Baumert J, Kolb H, Meisinger C, Chambless L, Koenig W, et al.
Sex differences in the prediction of type 2 diabetes by inflammatory
markers: results from the MONICA/KORA Augsburg case-cohort study,
1984–2002. Diabetes Care [Internet]. 2007 [cited 2014 Nov 18];30:854–60.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/17392546

28. Matheson FI, Dunn JR, Smith KLW, Moineddin R, Glazier RH. Development
of the Canadian Marginalization Index: a new tool for the study of
inequality. Can J Public Health [Internet]. 2012 [cited 2014 Nov 18];103:S12–6.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23618065

29. Dasgupta K, Khan S, Ross N a. Type 2 diabetes in Canada: concentration of
risk among most disadvantaged men but inverse social gradient across
groups in women. Diabet Med [Internet]. 2010 [cited 2014 Nov 14];27:522–31.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20536947

30. Mandel H, Semyonov M. Gender pay gap and employment sector:
sources of earnings disparities in the United States, 1970–2010.
Demography [Internet]. 2014 [cited 2014 Oct 27];51:1597–618. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/25149647

31. Dinca-Panaitescu M, Dinca-Panaitescu S, Raphael D, Bryant T, Pilkington B,
Daiski I. The dynamics of the relationship between diabetes incidence and
low income: longitudinal results from Canada’s National Population Health
Survey. Maturitas [Internet]. Elsevier Ireland Ltd; 2012 [cited 2014 Nov
14];72:229–35. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22551632

32. Korkiakangas EE, Alahuhta MA, Laitinen JH. Barriers to regular exercise
among adults at high risk or diagnosed with type 2 diabetes: a systematic
review. Health Promot Int [Internet]. 2009 [cited 2014 Nov 7];24:416–27.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19793763

33. Vijan S, Stuart NS, Fitzgerald JT, Ronis DL, Hayward RA, Slater S, et al.
Barriers to following dietary recommendations in Type 2 diabetes. Diabet
Med [Internet]. 2005 [cited 2014 Nov 19];22:32–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15606688

34. Neighbourhood Environments and Resources for Healthy Living— A Focus on
Diabetes in Toronto: ICES Atlas. [Internet]. [cited 2014 Nov 24]. Available from:
http://www.ices.on.ca/Publications/Atlases-and-Reports/2007/Neighbourhood-
environments-and-resources.aspx

35. Raphael D, Anstice S, Raine K, McGannon KR, Rizvi SK, Yu V. The social
determinants of the incidence and management of type 2 diabetes mellitus:
are we prepared to rethink our questions and redirect our research activities?
Leadersh Heal Serv [Internet]. 2003 [cited 2014 Nov 14];16:10–20. Available
from: http://www.emeraldinsight.com/10.1108/13660750310486730

36. Shaw RJ, Atkin K, Bécares L, Albor CB, Stafford M, Kiernan KE, et al.
Impact of ethnic density on adult mental disorders: narrative review.
Br J Psychiatry [Internet]. 2012 [cited 2014 Nov 21];201:11–9. Available
from: http://bjp.rcpsych.org/content/201/1/11.long

37. Das-Munshi J, Becares L, Dewey ME, Stansfeld SA, Prince MJ. Understanding
the effect of ethnic density on mental health: multi-level investigation of
survey data from England. BMJ [Internet]. 2010 [cited 2014 Nov 21];341:c5367.
Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=2962884&tool=pmcentrez&rendertype=abstract

38. Vogt Yuan AS. Racial composition of neighborhood and emotional well-being.
Sociol Spectr [Internet]. Routledge; 2007 [cited 2014 Nov 21];28:105–29.
Available from: http://dx.doi.org/10.1080/02732170701675284

39. Islam MK, Merlo J, Kawachi I, Lindström M, Gerdtham U-G. Social capital
and health: does egalitarianism matter? A literature review. Int J Equity
Health [Internet]. 2006 [cited 2014 Nov 21];5:3. Available from:

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1524772&
tool=pmcentrez&rendertype=abstract

40. Kunst AE, Geurts JJ, van den Berg J. International variation in
socioeconomic inequalities in self reported health. J Epidemiol
Community Health [Internet]. 1995 [cited 2014 Nov 21];49:117–23.
Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=1060094&tool=pmcentrez&rendertype=abstract

41. Ambler G, Brady AR, Royston P. Simplifying a prognostic model: a
simulation study based on clinical data. Stat Med [Internet]. 2002 [cited
2014 Nov 20];21:3803–22. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/12483768

42. Mainous AG, Koopman RJ, Diaz VA, Everett CJ, Wilson PWF, Tilley BC. A
coronary heart disease risk score based on patient-reported information.
Am J Cardiol [Internet]. 2007 [cited 2014 Nov 20];99:1236–41. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1931421&tool=
pmcentrez&rendertype=abstract

43. Raphael D, Daiski I, Pilkington B, Bryant T, Dinca-Panaitescu M, Dinca-
Panaitescu S. A toxic combination of poor social policies and programmes,
unfair economic arrangements and bad politics: the experiences of poor
Canadians with Type 2 diabetes. Crit Public Health [Internet]. 2012 [cited
2014 Nov 14];22:127–45. Available from: http://www.tandfonline.com/doi/
abs/10.1080/09581596.2011.607797

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rivera et al. International Journal for Equity in Health  (2015) 14:101 Page 11 of 11

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3112365&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3112365&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/22859516
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
http://www.ncbi.nlm.nih.gov/pubmed/24161397
http://www.ncbi.nlm.nih.gov/pubmed/17392546
http://www.ncbi.nlm.nih.gov/pubmed/23618065
http://www.ncbi.nlm.nih.gov/pubmed/20536947
http://www.ncbi.nlm.nih.gov/pubmed/25149647
http://www.ncbi.nlm.nih.gov/pubmed/22551632
http://www.ncbi.nlm.nih.gov/pubmed/19793763
http://www.ncbi.nlm.nih.gov/pubmed/15606688
http://www.ices.on.ca/Publications/Atlases-and-Reports/2007/Neighbourhood-environments-and-resources.aspx
http://www.ices.on.ca/Publications/Atlases-and-Reports/2007/Neighbourhood-environments-and-resources.aspx
http://www.emeraldinsight.com/10.1108/13660750310486730
http://bjp.rcpsych.org/content/201/1/11.long
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2962884&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2962884&tool=pmcentrez&rendertype=abstract
http://dx.doi.org/10.1080/02732170701675284
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1524772&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1524772&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1060094&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1060094&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/12483768
http://www.ncbi.nlm.nih.gov/pubmed/12483768
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1931421&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1931421&tool=pmcentrez&rendertype=abstract
http://www.tandfonline.com/doi/abs/10.1080/09581596.2011.607797
http://www.tandfonline.com/doi/abs/10.1080/09581596.2011.607797

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	The Diabetes Population Risk Tool (DPoRT)
	Study variables
	Statistical analysis

	Results
	Study population
	Associations of individual-level household education, income, and food security with DPoRT risk
	Associations of CAN-Marg material deprivation and ethnic concentration indices with DPoRT risk

	Discussion
	Mechanisms
	Study limitations
	Implications

	Key messages
	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References



