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Socioeconomic inequalities and type 2 diabetes complications: A systematic review
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Background and Objectives. -A socioeconomic gradient related to type 2 diabetes (T2D) prevalence has been demonstrated in high-income countries. However, there is no evidence of such a socioeconomic gradient regarding diabetes complications. Thus, the aim of this systematic review was to collect data on risk of complications according to socioeconomic status in patients with T2D.

Methods. -PubMed and EMBASE were searched for English-language observational studies evaluating the prevalence or incidence of micro-and macrovascular complications according to individual and geographical socioeconomic status (SES). Observational studies reporting the prevalence and risk of micro-and macrovascular diabetes complications, according to an individual or geographical index of deprivation, were selected, and estimated crude and adjusted risks for each complication were reported.

Results. -Among the 28 included studies, most described a clear relationship between SES and diabetes complications, especially retinopathy (in nine of 14 studies) and cardiopathy (in eight of nine studies). Both individual and area-based low SES was associated with an increased risk of complications. However, very few studies adjusted their analyses according to HbA1c level.

Conclusion.

-Evaluation of SES is necessary for every T2D patient, as it appears to be a risk factor for diabetes complications. However, the available studies are insufficient for gradation of the impact of low socioeconomic level on each of these complications. Regardless, strategies for the improved screening, follow-up and care of high-risk patients should now be implemented.

Introduction

Diabetes is a growing problem in all countries around the world, and a socioeconomic gradient in the prevalence of type 2 diabetes (T2D) has been demonstrated in high-income countries [START_REF] Kelly | Influence of social deprivation on illness in diabetic patients[END_REF][START_REF] Kelly | Geographical mapping of diabetic patients from the deprived inner city shows less insulin therapy and more hyperglycaemia[END_REF][START_REF] Roper | Excess mortality in a population with diabetes and the impact of material deprivation: longitudinal, population based study[END_REF][START_REF] Brown | Socioeconomic position and health among persons with diabetes mellitus: a conceptual framework and review of the literature[END_REF][START_REF] Glasgow | If diabetes is a public health problem, why not treat it as one? A population-based approach to chronic illness[END_REF][START_REF] Robbins | Excess type 2 diabetes in African-American women and men aged 40-74 and socioeconomic status: evidence from the Third National Health and Nutrition Examination Survey[END_REF][START_REF] Jaffiol | Impact of socioeconomic status on diabetes and cardiovascular risk factors: results of a large French survey[END_REF][START_REF] Grundmann | Area deprivation and the prevalence of type 2 diabetes and obesity: analysis at the municipality level in Germany[END_REF], and this gradient appears to persist despite improving the health systems and national wealth of countries. In addition, the educational gradient in diabetes prevalence has increased in countries such as Norway [START_REF] Ernstsen | Trends in absolute and relative educational inequalities in four modifiable ischaemic heart disease risk factors: repeated cross-sectional surveys from the Nord-Trøndelag Health Study [HUNT] 1984-2008[END_REF] and England [START_REF] Imkampe | Increasing socio-economic inequality in type 2 diabetes prevalence--repeated cross-sectional surveys in England 1994-2006[END_REF], and appears to more frequently affect women. On the other hand, in the USA and Spain, trends in educational inequality seem to be more favourable [START_REF] Kanjilal | Socioeconomic status and trends in disparities in 4 major risk factors for cardiovascular disease among US adults, 1971-2002[END_REF][START_REF] Redondo | Trends in the prevalence, awareness, treatment, and control of cardiovascular risk factors across educational level in the 1995-2005 period[END_REF]. Nevertheless, in general, despite the implementation of publichealth programmes, no reduction in health inequalities has been observed [START_REF] Hu | Did the English strategy reduce inequalities in health? A difference-in-difference analysis comparing England with three other European countries[END_REF].

As with many chronic diseases, in patients with T2D, socioeconomic status (SES) influences follow-up at multiple levels, including individual patient capabilities, community or neighbourhood support, health-related behaviours, access to care and process of care [START_REF] Brown | Socioeconomic position and health among persons with diabetes mellitus: a conceptual framework and review of the literature[END_REF]. Indeed, low SES patients are more likely to report barriers to diabetes care such as access to care, cost, poor health status and greater disability [START_REF] Mccall | Are low-income elderly patients at risk for poor diabetes care?[END_REF][START_REF] Ada | Standards of Medical Care in Diabetes-2017: Summary of Revisions[END_REF]. At this time, socioeconomic disparities continue to affect healthcare coverage and healthcare access or use [START_REF] Wamala | Socioeconomic disadvantage and primary non-adherence with medication in Sweden[END_REF].

Race, ethnicity and SES are closely related in many societies. In addition, race/ethnicity has a significant association with diabetes prevalence, glycaemic control and complications, independently of SES. However, as this topic has already been reviewed [START_REF] Heidemann | Racial and economic disparities in diabetes in a large primary care patient population[END_REF][START_REF] Meyer | Conclusion and future directions: CDC Health Disparities and Inequalities Report -United States, 2013[END_REF], it will not be discussed in the present report.

The relationship between low SES (mainly, level of education) and greater mortality in patients with diabetes has been reported across Europe [START_REF] Vandenheede | Educational inequalities in diabetes mortality across Europe in the 2000s: the interaction with gender[END_REF], with associations varying by gender [START_REF] Gnavi | Mortality and educational level among diabetic and non-diabetic population in the Turin Longitudinal Study: a 9-year follow-up[END_REF] and time period [START_REF] Forssas | Socioeconomic differences in mortality among diabetic people in Finland[END_REF]. However, less evidence is available on the impact of low socioeconomic level on the occurrence of diabetes complications. Three cohorts in England found an association between lower occupational class and retinopathy that was stronger among women, as well as associations with nephropathy and cardiovascular disease [START_REF] Eachus | Deprivation and cause specific morbidity: evidence from the Somerset and Avon survey of health[END_REF][START_REF] Chaturvedi | 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[END_REF][START_REF] Bachmann | Socioeconomic inequalities in diabetes complications, control, attitudes and health service use: a cross-sectional study[END_REF], with estimated risks between extreme levels of SES that varied threefold. In France, the prevalence of diabetes complications (retinopathy, nephropathy, podiatric and coronary issues) is higher among people with the lowest SES even with full healthcare coverage [START_REF] Bihan | Association among individual deprivation, glycemic control, and diabetes complications: the EPICES score[END_REF][START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF]. However, it is not known whether the impact of low SES is more pronounced on certain complications than on others.

Study selection

Selection of articles was performed by one author (H.B.), who analyzed the titles and abstracts to identify those for which the full text would be fully examined independently by two researchers (S.T., H.B.). The search was restricted to only those articles detailing the incidence or prevalence of diabetes complications across subgroups comprising different socioeconomic levels. Inclusion criteria were: (i) English language; (ii) exposure variable was an individual SES indicator (education, income, composite score) or area-level SES index; (iii) outcomes were all subtypes of diabetes complications; and (iv) conducted in a high-income country. Exclusion criteria were: (i) interventional study; (ii) use of race or ethnic group as SES indicator; (iii) no stratification by diabetes status in a general population cohort; and (iv) conducted in specific populations such as immigrants or religious communities.

Data collection and analysis

From each of these studies, the following data were extracted: (i) type of study population (general population or restricted to patients with diabetes); (ii) type of study (cross-sectional or longitudinal, plus duration of follow-up); (iii) type of socioeconomic index used; and (iv) outcome(s) under investigation. For every general-population cohort, the selected data were from patients with T2D only.

To describe the relationship between SES and diabetes complications, the risk for each outcome was reported for patients in the lowest socioeconomic levels compared with those in the highest. In studies where analyses presented the risk for the highest SES group, this information was detailed in notes. For cross-sectional studies, measures of association were either odds ratios (ORs) from univariate or multivariate logistic regression, or regression coefficients from linear regression when the outcome was a continuous variable (such as the prevalence of complications or the jeopardy score). For longitudinal studies, risks were expressed as hazard ratios (HRs), as calculated by Cox regression models, or prevalence ratios, as calculated by Poisson regression models. When such analyses were not available, crude figures, such as the prevalence in the extreme socioeconomic groups, were reported instead.

When multivariate analyses were performed, all variables included in the adjusted model were collected, and the adjusted risk presented.

Results

Of a total of 3609 abstracts screened, 54 full texts were selected and resulted in the 28 papers included in this review (Fig. 1). In 13 of these studies, socioeconomic level was assessed at an individual level [START_REF] Forssas | Socioeconomic differences in mortality among diabetic people in Finland[END_REF][START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF][START_REF] Bihan | Screening for deprivation using the EPICES score: a tool for detecting patients at high risk of diabetic complications and poor quality of life[END_REF][START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF][START_REF] Lim | Prevalence and risk factors of diabetic retinopathy in a multi-racial underserved population[END_REF][START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF][START_REF] Norris | Association of socioeconomic status with eye health among women with and without diabetes[END_REF][START_REF] Zhang | Socioeconomic disparity in use of eye care services among US adults with age-related eye diseases: National Health Interview Survey, 2002 and 2008[END_REF][START_REF] Nather | Socioeconomic profile of diabetic patients with and without foot problems[END_REF][START_REF] Rabi | Association of median household income with burden of coronary artery disease among individuals with diabetes[END_REF][START_REF] Wolf | Association between socioeconomic status and renal function in a population of German patients with diabetic nephropathy treated at a tertiary centre[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF][START_REF] Dray-Spira | Socioeconomic position and cardiovascular disease in adults with and without diabetes: United States trends, 1997-2005[END_REF][START_REF] Venermo | Amputations and socioeconomic position among persons with diabetes mellitus, a population-based register study[END_REF] (Table Ia, Ib), 13 studies used a geographical approach [START_REF] Anderson | Socioeconomic deprivation independently predicts painful diabetic neuropathy in type 2 diabetes[END_REF][START_REF] Bergin | The impact of socio-economic disadvantage on rates of hospital separations for diabetes-related foot disease in Victoria, Australia[END_REF][START_REF] Collier | Impact of socioeconomic status and gender on glycaemic control, cardiovascular risk factors and diabetes complications in type 1 and 2 diabetes: a population based analysis from a Scottish region[END_REF][START_REF] Grace | Socio-economic status and incidence of renal replacement therapy: a registry study of Australian patients[END_REF][START_REF] Kliner | Diabetic retinopathy equity profile in a multi-ethnic, deprived population in Northern England[END_REF][START_REF] Lane | Social deprivation as a risk factor for late presentation of proliferative diabetic retinopathy[END_REF][START_REF] Stevens | Geographic clustering of diabetic lower-extremity amputations in low-income regions of California[END_REF][START_REF] Ward | Socioeconomic status and the incidence of ESRD[END_REF][START_REF] Booth | Universal drug coverage and socioeconomic disparities in major diabetes outcomes[END_REF][START_REF] Chaikiat | Neighborhood deprivation and inequities in coronary heart disease among patients with diabetes mellitus: a multilevel study of 334,000 patients[END_REF][START_REF] Low | Impact of socioeconomic deprivation on the development of diabetic retinopathy: a population-based, crosssectional and longitudinal study over 12 years[END_REF][START_REF] Leese | Impact of health-care accessibility and social deprivation on diabetes related foot disease[END_REF][START_REF] Scanlon | Diabetic retinopathy and socioeconomic deprivation in Gloucestershire[END_REF] (Table IIa, IIb) and one used both approaches [START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF]. Results were collected from European studies (14 studies, mainly from the UK), from the USA or Canada (10 studies), Australia (two studies) and Asia (two studies). The design was cross-sectional in 19 studies and longitudinal in nine studies, with follow-ups ranging from 1 to 16 years [START_REF] Forssas | Socioeconomic differences in mortality among diabetic people in Finland[END_REF][START_REF] Venermo | Amputations and socioeconomic position among persons with diabetes mellitus, a population-based register study[END_REF].

Patients with diabetes were selected from general-population cohorts in 12 studies, whereas the other 16 studies consisted solely of diabetes populations (from national databases [START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF][START_REF] Booth | Universal drug coverage and socioeconomic disparities in major diabetes outcomes[END_REF][START_REF] Chaikiat | Neighborhood deprivation and inequities in coronary heart disease among patients with diabetes mellitus: a multilevel study of 334,000 patients[END_REF][START_REF] Low | Impact of socioeconomic deprivation on the development of diabetic retinopathy: a population-based, crosssectional and longitudinal study over 12 years[END_REF][START_REF] Leese | Impact of health-care accessibility and social deprivation on diabetes related foot disease[END_REF], inpatient cohorts [START_REF] Bihan | Screening for deprivation using the EPICES score: a tool for detecting patients at high risk of diabetic complications and poor quality of life[END_REF][START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF][START_REF] Nather | Socioeconomic profile of diabetic patients with and without foot problems[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF], ophthalmological registries [START_REF] Lim | Prevalence and risk factors of diabetic retinopathy in a multi-racial underserved population[END_REF][START_REF] Lane | Social deprivation as a risk factor for late presentation of proliferative diabetic retinopathy[END_REF], cardiac registries [START_REF] Rabi | Association of median household income with burden of coronary artery disease among individuals with diabetes[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF], renal registries [START_REF] Grace | Socio-economic status and incidence of renal replacement therapy: a registry study of Australian patients[END_REF][START_REF] Ward | Socioeconomic status and the incidence of ESRD[END_REF] and amputation registries [START_REF] Stevens | Geographic clustering of diabetic lower-extremity amputations in low-income regions of California[END_REF]). However, inpatient cohorts included < 1000 patients, while the others involved much larger numbers of diabetes patients, with up to > 200,000 from the USA [START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF] or from Finland [START_REF] Venermo | Amputations and socioeconomic position among persons with diabetes mellitus, a population-based register study[END_REF].

The most prevalent complications studied were retinopathy (12 studies) and cardiovascular complications (nine studies). Fewer data were collected on nephropathy, neuropathy and amputation, and very little data on stroke (Fig. 2).

Results by complication

Retinopathy

Of the nine individual studies, five described a link between low levels of education or income and increased risk of retinopathy [START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF][START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF][START_REF] Zhang | Socioeconomic disparity in use of eye care services among US adults with age-related eye diseases: National Health Interview Survey, 2002 and 2008[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF][START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF]. Of the four studies showing no such association, one was a small inpatient cohort [START_REF] Bihan | Screening for deprivation using the EPICES score: a tool for detecting patients at high risk of diabetic complications and poor quality of life[END_REF], another used an ophthalmological registry to analyze risk factors of retinopathy in a multiracial population [START_REF] Lim | Prevalence and risk factors of diabetic retinopathy in a multi-racial underserved population[END_REF], and the rest described the prevalence of visual impairment or laser treatment [START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF], or visual impairment and agerelated eye disease (ARED) across groups of different levels of education and income with no analysis of diabetic retinopathy per se [START_REF] Norris | Association of socioeconomic status with eye health among women with and without diabetes[END_REF]. Concerning macular oedema, one USA study found it was more prevalent in dual-eligible beneficiaries (people qualifying for both Medicare and Medicaid benefits) [START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF]. Four of the five geographical studies noted relationships between living in a deprived or rural area and an increased presence of retinopathy, more referrals to an ophthalmologist after screening [START_REF] Kliner | Diabetic retinopathy equity profile in a multi-ethnic, deprived population in Northern England[END_REF], severity of retinopathy [START_REF] Scanlon | Diabetic retinopathy and socioeconomic deprivation in Gloucestershire[END_REF][START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF] and more retinopathy requiring laser therapy [START_REF] Lane | Social deprivation as a risk factor for late presentation of proliferative diabetic retinopathy[END_REF][START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF]. However, in the Low et al. article [START_REF] Low | Impact of socioeconomic deprivation on the development of diabetic retinopathy: a population-based, crosssectional and longitudinal study over 12 years[END_REF], there was no relationship between area-level deprivation and retinopathy despite involving a large cohort.

Nephropathy

Five studies demonstrated a relationship between nephropathy and low SES, with a higher prevalence of microalbuminuria [START_REF] Bihan | Screening for deprivation using the EPICES score: a tool for detecting patients at high risk of diabetic complications and poor quality of life[END_REF], and hypertensive chronic kidney disease (CKD) in dualeligible beneficiaries [START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF] and CKD in poorer inpatients using a composite score [OR: 2.7, 95% confidence interval (CI): 1.29-5.64; P = 0.008] [START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF]. Patients living in the more deprived areas in Australia and the USA were also at higher risk of end-stage kidney disease [START_REF] Grace | Socio-economic status and incidence of renal replacement therapy: a registry study of Australian patients[END_REF][START_REF] Ward | Socioeconomic status and the incidence of ESRD[END_REF]. On the other hand, three studies using an individual index found no relationship between CKD or microalbuminuria and different socioeconomic indices (education, income, composite index score) [START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF][START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF].

Neuropathy, foot lesions and arteriopathy

A higher prevalence of neuropathy was reported in dual-eligible patients [START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF], and a higher incidence of diabetic foot lesions was associated with lower education or income in Singapore [START_REF] Nather | Socioeconomic profile of diabetic patients with and without foot problems[END_REF] and in the USA [START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF]. Treatment for painful neuropathy was more likely in patients living in low socioeconomic geographical areas of the UK [START_REF] Anderson | Socioeconomic deprivation independently predicts painful diabetic neuropathy in type 2 diabetes[END_REF]. However, one study evaluated neuropathy and pain in legs at rest and found no association with three different indices in two different cohorts [START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF]. Moreover, in yet another UK study, there was no relationship between neuropathy and area deprivation according to patient gender [START_REF] Collier | Impact of socioeconomic status and gender on glycaemic control, cardiovascular risk factors and diabetes complications in type 1 and 2 diabetes: a population based analysis from a Scottish region[END_REF].

Three studies described an association between low SES and amputation: one was a French study using a composite outcome (amputation or foot ulcer) [START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF]; one Finnish study evaluated different levels of amputation and reported that all outcomes were related to patient incomes [START_REF] Venermo | Amputations and socioeconomic position among persons with diabetes mellitus, a population-based register study[END_REF]; and an Australian study reported an increased risk of amputation below the knee, but not above the knee, for patients living in the most deprived area [START_REF] Bergin | The impact of socio-economic disadvantage on rates of hospital separations for diabetes-related foot disease in Victoria, Australia[END_REF].

Cardiovascular disease

Out of nine studies, eight reported a socioeconomic gradient with cardiovascular disease. The link with low levels of education was modified over time, but remained significant overall [START_REF] Dray-Spira | Socioeconomic position and cardiovascular disease in adults with and without diabetes: United States trends, 1997-2005[END_REF] and was observed in both genders [START_REF] Forssas | Socioeconomic differences in mortality among diabetic people in Finland[END_REF][START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF]. Lower-income (dual-eligible) patients in the USA also experienced a greater prevalence of hypertensive heart disease [START_REF] Lopez | Demographic disparities among medicare beneficiaries with Type 2 Diabetes Mellitus in 2011: diabetes prevalence, comorbidities, and hypoglycemia events[END_REF]. In one cardiac registry (of patients requiring cardiac catheterization), the severity of coronary lesions in diabetes patients correlated with income level [START_REF] Rabi | Association of median household income with burden of coronary artery disease among individuals with diabetes[END_REF], while three studies using a geographical index reported an increased risk of cardiac disease in both genders [START_REF] Collier | Impact of socioeconomic status and gender on glycaemic control, cardiovascular risk factors and diabetes complications in type 1 and 2 diabetes: a population based analysis from a Scottish region[END_REF][START_REF] Chaikiat | Neighborhood deprivation and inequities in coronary heart disease among patients with diabetes mellitus: a multilevel study of 334,000 patients[END_REF] and across different age groups [START_REF] Booth | Universal drug coverage and socioeconomic disparities in major diabetes outcomes[END_REF] in association with greater area-level deprivation. Only one study (using a German registry) found no association between myocardial infarction and income [START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF].

Adjusted variables

Only a small number (n = 4) of studies [START_REF] Nather | Socioeconomic profile of diabetic patients with and without foot problems[END_REF][START_REF] Wolf | Association between socioeconomic status and renal function in a population of German patients with diabetic nephropathy treated at a tertiary centre[END_REF][START_REF] Anderson | Socioeconomic deprivation independently predicts painful diabetic neuropathy in type 2 diabetes[END_REF][START_REF] Leese | Impact of health-care accessibility and social deprivation on diabetes related foot disease[END_REF] included HbA1c as an adjustment variable in their analyses. Among these studies, the relationship between deprivation and diabetes complications persisted for severe retinopathy [START_REF] Lane | Social deprivation as a risk factor for late presentation of proliferative diabetic retinopathy[END_REF], CKD [START_REF] Wolf | Association between socioeconomic status and renal function in a population of German patients with diabetic nephropathy treated at a tertiary centre[END_REF] and treated neuropathy [START_REF] Anderson | Socioeconomic deprivation independently predicts painful diabetic neuropathy in type 2 diabetes[END_REF]. In cases of diabetic foot lesions and even after adjusting for HbA1c levels, there was still a clear relationship with education, although this was attenuated by income [START_REF] Nather | Socioeconomic profile of diabetic patients with and without foot problems[END_REF].

Other studies included different adjustment variables. In the Emoto et al. [START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF] study, retinopathy was independently associated with low levels of education, gender, diabetes duration, procrastination, type of occupation and income savings status. In a methodologically high-level study using a cardiac registry [START_REF] Rabi | Association of median household income with burden of coronary artery disease among individuals with diabetes[END_REF], the jeopardy score was associated with low income independently of age, gender and atherosclerosis risk factors (hypertension, dyslipidaemia, tobacco use). However, no parameter reflecting diabetes control was included in that analysis.

The relationship between coronary heart disease and neighbourhood deprivation became non-significant when sociodemographic parameters, such as educational attainment, immigration status and mobility, were included in the model [START_REF] Chaikiat | Neighborhood deprivation and inequities in coronary heart disease among patients with diabetes mellitus: a multilevel study of 334,000 patients[END_REF]. In the Hale et al. [START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF] study, in which the multivariate analyses included factors of healthcare access and cardiovascular risk, the association between geographical deprivation and foot scores was attenuated to nonsignificance, while the risk of retinopathy was highest in the lowest-income group.

Discussion

Over a recent period of 10 years, 28 studies were published on the impact of SES on diabetes complications in high-income countries. From their data, our present review has established a socioeconomic gradient for all types of diabetes complications, but especially retinopathy and cardiopathy, the most well-documented of complications. However, the strength of these associations was highly variable and depended on the type of SES assessment; in fact, analyses were insufficiently adjusted for risk factors of complications.

Nevertheless, the presence of a socioeconomic gradient in diabetes complications raises a number of questions in wealthier countries with high-quality health systems. As our review concludes, there is a greater risk of complications in patients with the lowest SES, a finding that should influence policy makers. Indeed, the cost of complications is high, estimated to be twice the cost of either diabetes with no complications or of preventative programmes. This aspect has so far been specifically studied in relation to end-stage renal disease and hospital admissions [START_REF] Kähm | Health care costs associated with incident complications in patients with Type 2 Diabetes in Germany[END_REF][START_REF] Chevreul | The burden and treatment of diabetes in France[END_REF][START_REF] Grimaccia | Cost, outcomes, treatment pathways and challenges for diabetes care in Italy[END_REF]. In particular, prevention programmes might best be focused on retinopathy screening in deprived areas, such as those already being implemented in the UK [START_REF] Leese | Use of mobile screening unit for diabetic retinopathy in rural and urban areas[END_REF].

Heterogeneity of results

This finding requires some explanation. First, measurements of SES were either at an individual level or by geographical indices. If lifestyle behaviours are thought to be more related to individual-level factors (healthy behaviours, fruit and vegetable consumption, physical activity), then there is evidence that environmental characteristics can highly influence health outcomes. According to our review, the results of studies using an individual index were more heterogeneous than those from studies using a geographical approach.

However, all of the latest studies have reported an association between low SES and diabetes complications. In fact, some authors have described a neighbourhood influence independent of individual factors, as well as interactions between environmental characteristics and individual-level factors [START_REF] Merlo | A brief conceptual tutorial on multilevel analysis in social epidemiology: interpreting neighbourhood differences and the effect of neighbourhood characteristics on individual health[END_REF][START_REF] Mancini | Educational level and family structure influence the dietary changes after the diagnosis of type 2 diabetes: evidence from the E3N study[END_REF][START_REF] Macintyre | Deprivation amplification revisited; or, is it always true that poorer places have poorer access to resources for healthy diets and physical activity[END_REF][START_REF] Robinette | Differential vulnerability to neighbourhood disorder: a gene×environment interaction study[END_REF]. Second, the definition of complications varied from one study to another. Finally, despite multivariate analyses, some studies did not control for variables such as HbA1c, which could have helped to ascertain the dependent nature of the relationship between low SES and greater risk of complications, or to identify potential causal pathways.

Exploring pathways

Several factors appear to explain the relationship between low SES and higher risk of diabetes complications, such as low availability of primary ambulatory services, greater distances to healthcare resources, higher cost of treating diabetes complications, low patient self-efficacy and failure to achieve HbA1c targets in the more deprived populations. Also, lack of health insurance remains a major barrier to adequate care in many countries. Therefore, it is important to ensure prescription drug and non-medical cost coverage to avoid non-adherence to treatment [START_REF] Mcwilliams | Health of previously uninsured adults after acquiring Medicare coverage[END_REF][START_REF] Madden | Cost-related medication nonadherence after implementation of Medicare Part D, 2006-2007[END_REF].

In addition, the use of health systems needs to be analyzed, including physician visits, cost of transport to access healthcare and distance travelled to reach care [START_REF] Booth | Universal drug coverage and socioeconomic disparities in major diabetes outcomes[END_REF][START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF]. In one Canadian study, the relationship between low SES and cardiovascular events remained significant even after adjusting for the number of primary-care visits in the previous year, suggesting that yet other barriers need to be considered [START_REF] Booth | Universal drug coverage and socioeconomic disparities in major diabetes outcomes[END_REF]. Even in a country such as France, where national health insurance schemes offer full healthcare coverage for people with diabetes, not all health-equality issues have been solved [START_REF] Bihan | Association among individual deprivation, glycemic control, and diabetes complications: the EPICES score[END_REF][START_REF] Fosse-Edorh | Impact of socio-economic position on health and quality of care in adults with Type 2 diabetes in France: the Entred 2007 study[END_REF].

Complications such as amputation bring up many issues, as there could be multiple causes behind its poor prognosis in deprived patients with diabetes. With the standard approach, a delayed diagnosis of peripheral arterial disease, or a lack of access to adequate primary care or vascular surgery might be the culprit. Recently, however, Venermo et al. [START_REF] Venermo | Amputations and socioeconomic position among persons with diabetes mellitus, a population-based register study[END_REF] identified other confounding factors, such as cultural distrust or the treatment decisions of physicians, that could also influence outcomes for foot lesions.

Patients in the lowest socioeconomic levels are usually less involved in follow-up and less likely to display healthy behaviours, such as eating adequate quantities of fruits and vegetables, or stopping smoking [START_REF] Wardle | Socioeconomic differences in attitudes and beliefs about healthy lifestyles[END_REF]. They also have less knowledge of diabetes and lower participation rates in diabetes training courses [START_REF] Hale | Diabetes care and outcomes: disparities across rural America[END_REF][START_REF] Mielck | Knowledge about diabetes and participation in diabetes training courses: the need for improving health care for diabetes patients with low SES[END_REF]. As a consequence, having a lower SES could be a risk factor for failing to achieve the recommended HbA1c target (< 6.5%; OR: 1.8-2.49 in two cohorts; P = 0.10 and P = 0.05) [START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF]. This echoes the frequent problem of the low level of literacy described in lower-income populations [START_REF] Schillinger | Does literacy mediate the relationship between education and health outcomes? A study of a low-income population with diabetes[END_REF].

Obesity is another determining factor that was poorly explored in the studies selected for the present review. Nevertheless, the socioeconomic gradient with obesity is clear [START_REF] Devaux | Social inequalities in obesity and overweight in 11 OECD countries[END_REF]. Both obesity and adipose tissue distribution are associated with systemic inflammation that could contribute to complications in T2D [START_REF] Mazzone | Addressing cardiovascular disease risk in diabetes: insights from mechanistic studies[END_REF].

All of this raises the question: what measures should now be taken to reduce socioeconomic inequality concerning diabetes complications? Many authors advocate public-health policies that target low SES groups to reduce inequalities in health behaviours [START_REF] Dallongeville | Increasing fruit and vegetable consumption: a cost-effectiveness analysis of public policies[END_REF] and the incidence of non-communicable diseases [START_REF] Cesare | Inequalities in non-communicable diseases and effective responses[END_REF]. For disadvantaged patients with diabetes, education should be tailored to a cultural approach if requested or with interactive learning strategies to improve knowledge [START_REF] Schillinger | Closing the loop: physician communication with diabetic patients who have low health literacy[END_REF], with an emphasis on self-efficacy. As for deprived geographical areas, physicians are usually aware of how those patients struggle to perform just the everyday tasks of living, and such understanding is necessary to give proper support to such patients [START_REF] O'brien | An "endless struggle": a qualitative study of general practitioners' and practice nurses' experiences of managing multimorbidity in socio-economically deprived areas of Scotland[END_REF]. In addition, collaborative efforts, such as community health-centre programmes [START_REF] Chin | Improving diabetes care in midwest community health centers with the health disparities collaborative[END_REF] and targeted programmes in rural primary-care practices may be useful for improving follow-up participation [START_REF] Johnson | A fieldbased approach to support improved diabetes care in rural states[END_REF]. Disease registries, call-recall systems and other outreach services are further additional tools.

Study limitations

It is clear that the reviewed studies were highly heterogeneous, making it impossible to draw any clear conclusions for each diabetes complication or to classify the impact of low SES on such complications. In addition, cross-sectional studies cannot assess the causality of deprivation in relation to complications. Yet, while longitudinal studies are more appropriate, mediation analyses are usually missing. Moreover, our review excluded many articles that described an association between low SES and greater prevalence of vascular complications because there were no analyses by diabetes status. Finally, of the studies that found no relationship, there was some selection bias in type of population included, such as low-income families, the elderly, the homeless [START_REF] Lim | Prevalence and risk factors of diabetic retinopathy in a multi-racial underserved population[END_REF] and inpatients with severe diabetes complications or related comorbidities [START_REF] Emoto | A socioeconomic and behavioral survey of patients with difficult-to-control type 2 diabetes mellitus reveals an association between diabetic retinopathy and educational attainment[END_REF][START_REF] Reisig | Social inequalities and outcomes in type 2 diabetes in the German region of Augsburg. A crosssectional survey[END_REF].

Perspectives

In future, to draw any conclusions for each complication, it would be necessary to conduct cohort studies that adjust for HbA1c, diabetes duration, type of treatment, health-related behaviours, self-reported health status, parameters of follow-up (number of primary-care visits, number of specialist visits, annual screening for complications), parameters concerning healthcare accessibility, and the incidence of each microvascular and cardiovascular complication.

Conclusion

T2D patients in the lowest individual or geographical socioeconomic levels may be experiencing greater risks of microvascular and macrovascular diabetes complications. Thus far, the follow-up data are insufficient to conclude that the gradient is independent of diabetes control. However, SES in diabetes patients appears to represent a new and important risk factor for poor outcomes due to the disease. For this reason, it should be integrated, as are low-density lipoprotein (LDL) cholesterol and hypertension, into the clinical evaluation of T2D patients, as it can affect the development of complications.

Thus, an international clinical tool to measure SES and to compare heterogeneous studies in the literature is now necessary. Indeed, the next step after diagnosis would be to accumulate evidence that improving the patient's SES could reduce the risk of diabetes complications.

Cohort studies should then be conducted to more accurately identify ranking of the factors implicated and how to improve it. 

Figure legends

Fig. 1 .

 1 Fig. 1. Flow chart showing the selection of publications for inclusion in this review.

Fig. 2 .

 2 Fig. 2. Description of the studies assessing the association of socioeconomic status (SES) and diabetes complications according to type of index and type of complication. Red arrows indicate that many studies were available (> 6 studies), blue arrows that only a few studies (3-5) were available and black arrows mean very few studies (1 or 2). The dotted line indicates that most studies did not report a relationship between low SES and the complication. Potential mediating factors are presented according to their frequency of use: often (most studies adjusted for these factors); sometimes; or rarely.

Table IIa Author, country, year(s) of study

 IIa 

		Type of study	T2D patients	Complications	Area based	Crude risk	Adjusted risk	Adjusted variables
			(overall n)					
	Anderson	General pop. (GP records)	15,387 (na) Treated neuropathy Townsend	1.06 (1.05-1.08), P <	1.06 (1.05-1.08)	5-year age bands, gender, BMI,
	UK, 2012					0.0001 for every unit	P < 0.0001	systolic BP, eGFR, HbA1c, total
						increase		cholesterol
	Bergin	Diabetes pop. (hospital)	43,904	PVD	IRSD	1.15 (1.1, 1.3)		
	Australia, 2004-6	per capita hospital separations	(1,584,898) Ulcer		1.40 (1.3, 1.6)		
				Cellulitis		1.24 (0.1, 1.6)		
				Osteomyelitis		1.04 (0.8-1.3)		
				Foot amputation		0.80 (0.7-1.0)		
				(all) -below knee		1.80 (1.5-2.2)		
				-above knee		1.35 (0.1-1.9)		
	Collier	General pop. (GP records)	13,516	Neuropathy	SIMD		M: 1.43 (0.90-2.27)	Age, smoking status
	UK, 2008-9		(340,377)				F: 1.57 (0.96-2.56)	
				PVD			M: 1.57 (1.12-2.21)	
							F: 2.99 (1.76-5.09)	
				Cardiopathy			M: 1.52 (1.27-1.81)	
							F: 1.49 (1.19-1.86)	
				Foot ulcer			M: 2.24 (1.27-3.95)	
							F: 3.55 (1.73-7.28)	
	Grace	Diabetes pop. (kidney registry:	4878	Nephropathy	IRSD		2.38 (2.09-2.71)	Gender, age group, year
	Australia, 2000-9	RRT) + 2006 Australian census						
	Hale	General pop. (BRFS)	29,501	Retinopathy	Rural	1.21 (1.04-1.40), P =	1.20 (1.02-1.42)	Age, gender, race, education, income,
	USA, 2006			(reported)		0.007		participation in DSME, health
				Foot pain		1.21 (1.02-1.43), P =	1.06 (0.87-1.28)	insurance, not seeing provider due to
						0.036		cost during past year, insulin
								treatment, overweight or obesity,
								smoking status, self-reported health
								status, environment, HPSA
	Kliner UK, 2009	General pop. (GP records)	25,789 (6.57% of pop.)	Retinopathy	IMD	r = 0.728, P < 0.0001 a		
	Lane	Diabetes pop. (ophthalmological	102	Retinopathy	IMD	Association, P = 0.001	Association, P = 0.016 HbA1c
	UK, 2010-13	unit)		(proliferative				
				retinopathy				
				requiring laser)				
	Stevens	Diabees pop. (amputation	6763 with at	Amputation	Postcode	> 5/1000 patients in area		
	USA, 2009	registry)	least 1			with > 60% low-income		
			amputation (1,867,000)			people vs < 4/1000 in area with < 20% low-income		
	Ward	Diabetes pop. (kidney registry) +	293,372	Nephropathy	Postcode	people	OR: 1.22 (1.19-1.24) in	Age
	USA, 2008	2000 USA census		(incidence of ESRD)			black men; OR: 2.75	
							(2.50-3.03) in Native	
							American women	

grants from funding agencies in either the public, commercial or not-for-profit sectors.

Appendix supplementary material

Supplementary materials (Table S1) associated with this article can be found at http://www.scincedirect.com at doi . . . 

Socioeconomic status

• Individual • Geographical 

Determinants

Retinopathy

Nephropathy

Neuropathy

Foot disease

Peripheral arterial disease

Cardiac disease

Stroke

Complications

Sometimes included