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1 Abstract

2 Background: Improving our understanding of social inequalities may improve prevention and treatment 

3 efforts for diabetes. Our objective is to examine the association between individual and area level 

4 socioeconomic measures and physician diagnosed diabetes in Saskatchewan over time.  

5

6 Methods: In this cross sectional study we link health administrative data with individual level 

7 socioeconomic data from the Canadian Community Health Survey and area level data from the 2006 

8 Canadian Census. We use General Linear Mixed Models regression to analyze the effect of each, 

9 controlling for geographic and demographic measures.

10

11 Results: Area level deprivation is associated with medically diagnosed type 2 diabetes mellitus after 

12 adjusting for individual level factors: age, sex, household income and education. Individuals residing in 

13 areas ranked in the least deprived quintile (Q1) have a lower likelihood of diabetes compared to those in 

14 the most deprived quintile (Q5) (OR = 0.40, 95% CI = 0.18 to 0.88). However, this disparity is found to 

15 only exist in urban areas. This may reflect smaller health inequalities in rural areas, greater 

16 socioeconomic heterogeneity, and/or larger geographic units. 

17

18 Interpretation: Individual and area level socioeconomic factors are associated with the likelihood of 

19 medically diagnosed diabetes, however, the strength of this association varies between urban and rural 

20 communities. Acknowledgement of area level deprivation as a modifiable risk factor related to the 

21 prevalence of diabetes is important in the development of effective interventions in urban, but not rural, 

22 areas.

23

24
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1 Studies examining the association between socioeconomic deprivation and diabetes have shown that 

2 inequalities exist at the individual and area levels.1-3 A systematic review and meta-analysis showed 

3 that low income individuals had a relative risk of diabetes that was 1.4 times (95% CI: 1.04-1.88) 

4 greater than high income individuals.1 Studies in Canada have shown associations between area level 

5 deprivation and diabetes.2 This work has led arguments that addressing geographic variation in health 

6 services factors and socioeconomic deprivation are essential for population health improvements.3,4

7

8 One challenge researchers confront in studying socioeconomic variation in health research is variation 

9 in geographic units between urban and rural areas. Past research has demonstrated that area level 

10 socioeconomic deprivation measures may be biased in rural areas because of the large land area and 

11 heterogeneity of socioeconomic characteristics compared to the smaller urban land area of equal 

12 population size.5,6 At the individual level, a deprivation index may not be appropriate for differentiating 

13 between urban and rural areas, and a single item measure, such as income may be more appropriate.6 

14

15 Guided by the World Health Organization Urban HEART (Health Equity Assessment and Response 

16 Tool) 7 we have developed our local indicators including area level deprivation and individual level 

17 income and education. We examine the association between area level socioeconomic deprivation and 

18 individual level income and education, and medically diagnosed diabetes in Saskatchewan between 

19 2007 and 2012. We hypothesize that both area level socioeconomic deprivation and individual income 

20 and education will be associated with diabetes over time but that this effect will be modified by urban 

21 and rural contexts. 

22

23 Methods

24 This cross-sectional study examined individual medically diagnosed prevalent cases of diabetes in 

25 Saskatchewan using health administrative data linked to individual level socioeconomic (SES) from the 
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1 Canadian Community Health Survey and linked again with area level SES information derived from 

2 the 2006 Canadian Census (see Figure 1). These linkages were required because individual 

3 socioeconomic data are not available in health administrative data. Health administrative data does 

4 contain patient postal code, allowing us to link administrative data to area level census geographies. 

5

6 This linkage was carried out using a unique identifier that is assigned by the Government of 

7 Saskatchewan to all those eligible for health services. These individuals were linked to Dissemination 

8 Areas using Statistics Canada’s Postal Code Conversion File8 to convert the postal codes assigned to 

9 the individual records to Dissemination Area level variables derived from the 2006 Census (n=2,431).9 

10 Health administrative, Canadian Community Health Survey, and Postal Code Conversion File datasets 

11 are reliable, valid, and commonly used datasets for examining social inequities in health. 

12

13 Diabetes

14 Our analysis is based on the yearly period prevalence of diabetes. All cases of diabetes in those age > 1 

15 in a given year are included in the analysis. We define a prevalent case of diabetes in a given year as a 

16 person with one or more hospital discharge records with a diagnosis of diabetes in any diagnostic field 

17 of ICD-10-CA: E10, E11, E12 or E14 and/or two or more physician service claims within a 730 day (2 

18 year) period with a diabetes diagnosis of ICD-9: 250.10 We remove cases of gestational diabetes. 

19 Multiple hospital or physician visits on the same day are counted only once. We removed transfers of 

20 the same patient between hospitals to avoid double counting.

21

22 Area Level SES

23 The area level unit of analysis is the dissemination area, which consists of 400-700 persons and is the 

24 smallest geography available. Area level SES was operationalized using the Dissemination Area level 

25 deprivation index developed by Pampalon and colleagues obtained from the Institue National De Santé 
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1 Publique.11 This index is made up of two dimensions: material and social deprivation. The material 

2 deprivation dimension, which contains the proportion of people age 15 years and older without a high 

3 school diploma, the employment/population ratio of people aged 15 years and older, and the average 

4 income of people ages 15 years and older. The social deprivation dimension contains the proportion of 

5 individuals aged 15 years and older living alone, the proportion of individuals aged 15 years and older 

6 who are separated, divorced or widowed, and the proportion of single-parent families. We combine 

7 material and social deprivation scores to create quintiles of total deprivation for each Dissemination 

8 Area in Saskatchewan.16

9

10 Individual Level SES

11 We control for education and household income. Education is operationalized as the highest level of 

12 education achieved (Canadian Community Health Survey derived variable EDUDR04) and is 

13 categorized as less than high school education, completed high school, or completed or some post-

14 secondary education. Income is measured as total household income from all sources (Canadian 

15 Community Health Survey derived variable INCDHH). Income is separated into categories of $0-

16 $19,999, $20,000-$49,999, $50,000-$79,000, or >$80,000. We chose these categorizations to represent 

17 the education and income distribution while ensuring sufficient sample size in each category. 

18

19 Covariates

20 We also include as covariates age, gender and whether individuals live in urban or rural areas. Age is 

21 categorized as <35, 35-44, 45-59, 60-79, or >80 years old and gender is self-reported in the Canadian 

22 Community Health Survey. Urban areas are defined as Dissemination Areas having a population 

23 concentration of 1,000 or more and a population density of 400 or more per square kilometer, the same 

24 definition used in the Canadian Community Health Survey. We also included dummy variables for 

25 years 2007 through 2011 to control for periodic variation.
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1

2 Analysis

3 We use multilevel logistic regression to estimate the prevalence of diabetes (Yes/No), controlling for 

4 random effects at the Dissemination Area level. We fit models for the population of Saskatchewan as a 

5 whole, and separate models for urban and rural areas. Multilevel models included bivariate screening 

6 for significance and a step up approach for multivariable model building. First, we fit null models. 

7 Second, we included area level factors. Third, we included all individual socioeconomic variables, 

8 covariates, and a categorical variable representing each year. All our models are fitted using SAS 

9 GLMM using maximum likelihood subject specific pseudo-likelihood estimation (MSPL). All reported 

10 results are weighted using the Canadian Community Health Survey weight variable (SAS analysis code 

11 available online: https://github.com/walkabilly/diabetes_inequality).

12

13 Ethics Approval

14 Ethical approval was obtained for the University of Saskatchewan Biomedical Research Ethics Board 

15 (Bio# 12-268).

16

17 Results

18 There were 6,331,934 people covered by Saskatchewan Health between 2007 and 2012. On average, 

19 1,055,322 people per year. We identified 98,121 prevalent cases of diabetes between 2007 and 2012. 

20 Across all years, the Canadian Community Health Survey data included 41,468 respondents who 

21 provided permission to link. We linked 15,720 individuals Saskatchewan Health data, including 1,516 

22 prevalent cases of diabetes across all years. These individuals were linked to 1413 Dissemination 

23 Areass. Missing Dissemination Areas (1,018/2,431) were the result of our choice to use a single link 

24 indicator, meaning that postal codes that overlap multiple Dissemination Areas were assigned to only 
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1 one. A small percentage of Dissemination Areas did not have Canadian Community Health Survey 

2 derived deprivation data, others did not have diabetes cases. 

3

4 Table 1 reports weighted and unweighted descriptive statistics for the variables used in our analysis. 

5 The following summarizes our weighted results. Across all years, the number of people with prevalent 

6 diabetes is 7.6%. The youngest age group, less than 35 year old, represents 38.5% of the population and 

7 the oldest 4.5%. Males and females represent 49.4% and 50.6% of the population, respectively. The 

8 percentage of people with household income less than $20,000 is 21.4% and 54.1% have a household 

9 income greater than $50,000 per year. The percentage of those with less than high school education is 

10 24.2%, while 48.3% have some postsecondary. 22.3% of the population reside in rural areas. 

11

12 The Association Between Individual and Area SES, and Diabetes

13 Table 2 reports the results of the three logistic regression models we fit for Saskatchewan as a whole, 

14 for urban areas only, and for rural areas only. Level 2 denotes Dissemination Area level effects 

15 variables, and level 1 individual level effects. 

16

17 In the Saskatchewan model, compared to rural areas, urban areas had a lesser likelihood of diabetes 

18 (OR = 0.46, 95% CI = 0.27 to 0.79). Compared to the most deprived area level quintiles, the least 

19 deprived area level quintiles a lesser likelihood diabetes (OR = 0.40, 95% CI = 0.18 to 0.88). There are 

20 no significant differences between quintiles 2, 3, and 4 and quintile 5, the most deprived quintile. 

21 Individual level SES variables were associated with diabetes across the range of their distributions. 

22 Those earning incomes of $20,000 to $49,999 (OR = 0.64, 95% CI = 0.63 to 0.65), $50,000 to $79,000 

23 (OR = 0.65, 95% CI = 0.64 to 0.67), and greater than $80,000 (OR = 0.64, 95% CI = 0.63 to 0.66) had 

24 a lower likelihood of diabetes compared to those earning less than $20,000. Those with a less than a 

25 high school education (OR = 1.51, 95% CI = 1.49 to 1.54) and a high school education (OR = 1.08, 
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1 95% CI = 1.06 to 1.10) were more likely to have been diagnosed with diabetes compared to those with 

2 some postsecondary education.

3

4 Urban and Rural Associations

5 In stratified urban and rural models, urban areas showed the same relationships between SES and 

6 period prevalence of diabetes as for Saskatchewan as a whole with those residing in the least deprived 

7 quintile (Q1) having a lesser likelihood of diabetes compared to those residing in the most deprived 

8 quintile (Q5) (OR = 0.32, 95% CI = 0.13 to 0.78). Area level deprivation was not associated with the 

9 likelihood of diabetes in rural areas.

10

11 Individual level SES variables are hypothesized to be associated with diabetes in both urban and rural 

12 settings. In urban (OR = 0.72, 95% CI = 0.70 to 0.73) and rural (OR = 0.43, 95% CI = 0.41 to 0.45) 

13 areas, those earning more than $80,000 per year where less likely to be diagnosed with diabetes than 

14 those earning less than $20,000 per year. There is an income gradient for diabetes in both urban and 

15 rural areas, however, the gradient is steeper in rural areas.  

16

17 In both urban (OR = 1.50, 95% CI = 1.47 to 1.53) and rural (OR = 1.43, 95% CI = 1.39 to 1.48) areas, 

18 those with less than a high school education were more likely to be diagnosed with diabetes. However, 

19 unlike in the province as a whole, those with a high school education in rural settings (OR = 0.87, 95% 

20 CI = 0.84 to 0.91) were less likely to have been diagnosed with diabetes compared to those with some 

21 postsecondary education. 

22

23 Interpretation

24 Summary of Findings
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1 The objective of this study is to examine associations between individual and area level SES 

2 deprivation and medically diagnosed diabetes in Saskatchewan between 2007 and 2012. As a 

3 secondary objective, analyses were stratified by urban and rural to examine potential differences in the 

4 relationship by region. Our results showed that area level deprivation is associated with medically 

5 diagnosed diabetes mellitus after adjusting for individual level factors in Saskatchewan overall and in 

6 urban areas. We did not detect area level inequalities in diabetes in rural areas.  

7

8 Explanation of Findings

9 The results were consistent with past research showing that area level SES deprivation is associated 

10 with a greater likelihood of diabetes even when individual level SES characteristics are controlled. The 

11 estimated association between area level SES deprivation and diabetes is higher than reported in 

12 previous studies. Our results show a 2.5 times greater likelihood of diabetes in socioeconomically 

13 disadvantaged areas. Previous research has estimated effects of 1.8 and 1.4 times greater likelihood of 

14 diabetes, respectively.12,13 Area level material deprivation is also predictive of the future risk of 

15 diabetes for females (2.4 times greater risk) and males (1.6 times greater risk).14

16

17 At the individual level, and in Saskatchewan as a whole, our results show that individual level SES 

18 deprivation is associated with greater period prevalence of diabetes. Income categories greater than 

19 $20,000 have less likelihood of diabetes compared to the less than $20,000 household income groups 

20 and a less than high school education and high school education levels are found to be associated with a 

21 greater likelihood of diabetes compared to some post-secondary school. 

22

23 In the model estimated over just urban areas, although all wealthier income groups fare better than the 

24 least well off group, their gradient is the opposite of what one would be expected. This may be related 
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1 changes in household income and chronic disease over time associated changes in the population 

2 composition due to immigration that took place in urban Saskatchewan over the study period.15,16 

3

4 In rural areas the likelihood of diabetes was less in the high school educated group than in the post-

5 secondary education group. In Saskatchewan, less educated rural residents may work physically 

6 demanding jobs in farming communities, which could explain the lower likelihood of diabetes.17

7

8 Our results suggest that caution should be exercised when interpreting results of studies about health 

9 inequalities in rural settings. Area based measures of deprivation are less similar to individual level 

10 measures of deprivation in rural areas.18 In rural settings, area units encompass considerably larger 

11 geographic areas and greater heterogeneity in socioeconomic status than seen in geographically smaller 

12 urban areas of equal population size.19 Multifactor deprivation indices may have too many factors to be 

13 effective in rural settings and single item area based measures may be preferable in rural settings.5,20 

14 Overall, and consistent with recent assessment of the practical utility of diabetes intervention research, 

15 more evidence is needed to inform and tailor preventive measures based on individual and area level 

16 SES factors.21 

17

18 Limitations

19 Our work has a number or limitations related to the use of health administrative, census geography 

20 data, and representation of Indigenous and First Nations populations. The use of health administrative 

21 data for research is common and there is limited risk of bias if proper procedures are used.22,23 In 

22 Saskatchewan, approximately 33% of general practitioners, and 38% of specialists shadow bill (ie, 

23 submit billings despite being salaried and not being paid directly from billings). Physicians typically do 

24 not shadow bill 100% of their work but there is no audit done to access its prevalence or accuracy in 
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1 Saskatchewan.24 Given the long period of study it is also possible that physician turnover and changes 

2 in diagnostic practices over time have affected results.25 

3

4 We used deprivation data from the 2006 census. Our method assumes no change in area level 

5 deprivation between 2007 and 2015 in Saskatchewan, leading to potential misclassification. 

6 Comparisons of area level deprivation between 2001 and 2006 show that 45% of Dissemination Area 

7 did not change deprivation quintiles and 37% of changes were within 1 deprivation quintile. There is 

8 also potential misclassification of postal codes to dissemination areas. 

9

10 Our analysis did not include potentially relevant covariates including demographic changes or 

11 migration patterns. Our analyses do not include on reserve First Nations communities. Both the 

12 Canadian Community Health Survey and Census based deprivation index do not include on reserve 

13 First Nations communities, meaning these groups are excluded from the analysis. Over half of the 

14 Indigenous population of Saskatchewan lives off reserve areas, however, we cannot identify this 

15 population because there is no measure of Indigenous or First Nations status in the Saskatchewan 

16 Health Administrative data.26

17

18 Conclusion

19 This study examines individual and area level SES inequalities in diabetes in Saskatchewan from 2007 

20 to 2012. Results show that area level socioeconomic deprivation is associated with a greater likelihood 

21 of diabetes, when controlling for individual level income and education. Our results further suggest that 

22 this relationship is mediated by whether people reside in urban or rural areas and that area level 

23 socioeconomic factors should especially be considered in strategies for diabetes prevention in urban 

24 settings. 

25
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1 Targeted measures designed to improve health equity are a key instrument for improving population 

2 health. Our results suggest that the most effective approach to doing so is likely to vary between urban 

3 and rural settings. Place based interventions are more likely to work in cities where populations are 

4 densely distributed but in rural areas targeting should be guided by individual characteristics. 

5
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1 Figure 1. Flow chart of diabetes case selection from health administrative data, Canadian Community 
2 Health Survey link file data, and Census data, Saskatchewan, 2007-2012. 
3
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Health Administrative Data 
Covered Population = 6,331,934  

Prevalent Diabetes Cases = 98,121 
(2007-2012) 

CCHS Link File 
All participants = 41,468 

(2007-2012) 

Linked Data 
Prevalent Diabetes Cases = 1,516 

Non Cases = 14,336 
(2007-2012) 

Excluded Person 
Not linked to CCHS 

Covered Population = 6,317,598 
Prevalent Diabetes Cases = 82,401 

Census Data 
Dissemination Areas = 2,431 

(2006) 

Final Data 
Diabetes Cases = 1,498 

Non Cases = 14,222 
 

Dissemination Areas = 1,413 

Excluded Person 
Duplicate KEY_HSN 

n = 132 
 

Excluded DA 
Single Link 
n = 1,108 
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Table 1. Descriptive statistics for participants from health administrative, Canadian Community 

Health Survey, and Census data, Saskatchewan, 2007-2013.  

 

  
Unweighted Sample 

Size Weighted Percent 

Diabetes   

   Yes  1498 7.6% 

   No 14222 92.4% 

Level 1   

Age   

   <35 4955 38.5% 

   35-44 1831 13.8% 

   45-59 3500 24.8% 

   60-79 4118 18.4% 

   >80 1316 4.5% 

Gender   

   Male 7117 49.4% 

   Female 8603 50.6% 

Income   

   $0-$19,999 3273 21.4% 

   $20,000-$49,999 2958 24.6% 

   $50,000-$79,999 2694 24.7% 

   >$80,000 2662 29.4% 

   Missing 4133  

Education   

   Less than High School 4505 24.2% 

   High School 3932 27.5% 

   Postsecondary 7200 48.3% 

Level 2   

Deprivation   

   Q1 Least Deprived 2315 22.9% 

   Q2 2586 21.3% 

   Q3 2613 19.8% 

   Q4 2331 17.2% 

   Q5 Most Deprived 2628 18.9% 

Geography   

   Urban 10485 77.7% 

   Rural 5235 22.3% 
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Table 2. Results from multilevel logistic regression analysis of prevalent diabetes cases in 

Saskatchewan, 2007-2012.  

  Saskatchewana Urbanb Ruralc 

  Adjusted OR, 95% CI Adjusted OR, 95% CI Adjusted OR, 95% CI 

Level 2    

Deprivation    

   Q1 Least Deprived 0.40 (0.18 to 0.88) 0.32 (0.13 to 0.78) 0.84 (0.13 to 5.43) 

   Q2 0.59 (0.29 to 1.22) 0.53 (0.23 to 1.25) 0.80 (0.16 to 4.01) 

   Q3 0.74 (0.36 to 1.51) 0.70 (0.31 to 1.63) 1.02 (0.20 to 5.14) 

   Q4 0.80 (0.38 to 1.68) 0.75 (0.32 to 1.74) 1.11 (0.20 to 6.23) 

   Q5 Most Deprived 1 1 1 

Geography      

   Urban 0.46 (0.27 to 0.79)   

   Rural 1   

Level 1     

Income    

   $0-$19,999 1 1 1 

   $20,000-$49,999 0.64 (0.63 to 0.65) 0.55 (0.54 to 0.57) 0.91 (0.88 to 0.94) 

   >$50,000-$79,000 0.65 (0.64 to 0.67) 0.62 (0.60 to 0.63) 0.68 (0.66 to 0.71) 

   >$80,000 0.64 (0.63 to 0.66) 0.72 (0.70 to 0.73) 0.43 (0.41 to 0.45) 

Education    

   Less than High 
       School 

1.51 (1.49 to 1.54) 1.50 (1.47 to 1.53) 1.43 (1.39 to 1.48) 

   High School 1.08 (1.06 to 1.10) 1.16 (1.14 to 1.19) 0.87 (0.84 to 0.91) 

   Postsecondary 1 1 1 

-2 Log Pseudo-
Likelihood 

1235864 1626750 497563 

Notes. a Model controlling for year, age, and gender. b,c Models controlling for year, age, 
and gender.  
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