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Objective

The metabolic syndrome (MetS) is responsible for an increased risk of type 2 diabetes, cardiovascular diseases and is associated with all-cause and cardiovascular mortality.

Economic and social vulnerability is not an easy concept to grasp, but some studies investigate the association between MetS and socioeconomic and demographic factors, deprivation (more often correlations rather than causal one due to data). This work aims to assess the association between MetS and socio-economic gradient (SEG) in the literature by performing a meta-analysis.

Design

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for systematic reviews were followed.

Setting

The raw list of studies extracted from PubMed as regard to the inclusion/exclusion criteria was imported in Word. Studies were filed with regard to our three definitions of SEG and their title.

Participants

Subgroup analysis were performed considering several definitions of Mets: NCEP-ATPIII and IDF2006.

Results

The overall multivariable-adjusted OR showed that the risk of MetS was significantly increased in association with SEG The results of the subgroup analysis showed an increased risk of MetS in association with SEG when IDF definition was considered.

Conclusions 4

Targeted interventions must be implemented in a specific way as prevention campaigns aimed at the general population are generally not adapted to this particular vulnerable population.

Introduction

The metabolic syndrome (MetS) is a set of physiological and biochemical disorders that includes elevated fasting glucose, high blood pressure, dyslipidaemia, and abdominal obesity.

It is responsible for an increased risk of type 2 diabetes, cardiovascular diseases and is associated with all-cause and cardiovascular mortality .

The prevalence of MetS is not easy to measure, suffering from MetS relies on biological tests and physical examination. The prevalence rate of MetS among adults measured in the literature is heterogeneousmainly ranging from 12% to 35%. First, the estimates depend on the population studied for examples, Enkh-Oyun et al. [START_REF] Enkh-Oyun | Epidemiologic features of metabolic syndrome in a general Mongolian population[END_REF] estimated the prevalence of MetS at 32.8 % for a representative sample in Mongolia while the prevalence rates for Malaysia is [START_REF] Chichlowska | Life course socioeconomic conditions and metabolic syndrome in adults: the Atherosclerosis Risk in Communities (ARIC) Study[END_REF].6% [START_REF] Tan | Ethnic disparities in metabolic syndrome in malaysia: an analysis by risk factors[END_REF].Second, prevalence depends on the definition retained for MetS, in the Turkish adult population prevalence vary from 27.4% to 36.9 % considering the definition applied [START_REF] Soysal | Prevalence of Metabolic Syndrome and Affecting Factors among Individuals Aged 30 and over in Balçova District of İzmir[END_REF]. There are several guidelines (Table 1): the World Health Organization (WHO 1998) (4), the National Cholesterol Education Program-Adult Treatment Panel III (NECP-ATP III 2005) [START_REF]ATP III Guidelines At-A-Glance Quick Desk Reference -atglance[END_REF], the American Heart Association (AHA 2005) (6), the International Diabetes Federation (IDF 2006) [START_REF] Phillips | The influence of multiple indices of socioeconomic disadvantage across the adult life course on the metabolic syndrome: the Vietnam Experience Study[END_REF], that why an harmonized definition from IDF/AHA/National Heart Lung and Blood Institute has been performed considering ethnic group's characteristics (2009) [START_REF] Alberti | Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity[END_REF].

Differences between those definitions relate to the number of criteria (blood pressure, triglycerides, HDLC, Fasting glucose BMI or waist circumference). For example WHO definition selected intolerance IGT in addition with 2 or more criteria, IDF (2006) kept abdominal obesity in addition with two others factors too, whereas the others definitions selected 3 or more criteria.

Economic and social vulnerability is not an easy concept to graspand so to measuregiven its multidimensionality. More precisely, the socio-economic gradient can be understand in several way and can particularly be associated to the concept of social deprivation. Social deprivation has been defined by J. Wrezinski as "the lack of [one or more of the prerequisites of] security, such as a job, enabling individuals and families to assume occupational, family, and social responsibilities and to enjoy basic rights." [START_REF] Wrezinski | Grande pauvreté et précarité économique et sociale[END_REF]. At the same time, Townsend defined the concept of deprivation as a "state of observable and demonstrable disadvantage relative to the local community or the wider society to which an individual, family or group belongs."

He applied this concept to conditions rather than resources and distinguished between deprivation and poverty [START_REF] Townsend | Deprivation[END_REF]. He also argued that deprivation is the main cause of inequalities in health and developed an index to measure deprivation over given geographic areas [START_REF] Alberti | Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity[END_REF].

Studies investigate the associationmore often correlations rather than causal one due to data limitationsbetween prevalence of MetS and socio-economic and demographic factors.

These studies help to characterize for a given sample the people with higher risk to develop MetS. Variables such as gender, age, income level, education level or marital status are investigated in this literature in order to highlight the existence or not of a socio-economic gradient in the prevalence of MetS. The assumption is that socioeconomic deprivation is associated with Mets. In a review of literature miscellaneous variables were used to define socioeconomic status from one variable to several one and by adding variables or by integrating them into a score.

The diversity in measurement of MetS, sample studied and causal association investigated make difficult to compare and synthetize the results from the literature. This work aims to assess the association between MetS and socio-economic gradient (SEG) in the literature by performing a meta-analysis.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for systematic reviews were followed [START_REF] Banzi | Measuring the impact of evidence: the Cochrane systematic review of organised stroke care[END_REF][START_REF] Moher | All in the Family: systematic reviews, rapid reviews, scoping reviews, realist reviews, and more[END_REF].

Search strategy and eligibility criteria

A systematic review was performed on PubMed, published in English until October 17, 2017 and that assess the association between MetS and SEG. Inclusion criteria were: 1],

(2) SEG was investigated by three definitionsmore or less enlarged -: we targeted (keywords of the research) the links between MetS and: i) psychosocial deprivation, ii) economic status, and iii) socio-economic status (SES)

(3) Only observational quantitative studies were considered (cohort and cross sectional studies).

Exclusion criteria were:

(1) the full-text manuscript was not accessible, (2) the publication was only in symposium or conference abstracts, book chapters, case reports or letters to the editor.

Study selection

The raw list of studies extracted from PubMed as regard to the inclusion/exclusion criteria was imported in Word. Studies were filed with regard to our three definitions of SEG and their title.

The final list of studies retained for the meta-analysis was set up thanks to a three-step process. First, two independent reviewers (one health economist and one MD with nutrition and health economic skills) screened the title and the abstract of each study listed in the Word file. The disagreements or questions were seen by all the authors together until a consensus was reach. Second, two of the authors separately reviewed the full-text manuscripts to check precisely the eligibility criteria and to identify by indirect search from the bibliography others studies likely to meet the eligible criteria. Third, the same procedure (steps 1 and 2) was applied for each of the studies found by indirect search. The final list was imported in Excel.

Countries were classified to the Human Development Index (HDI) created by the United Nations Development Program, for estimating country human development level (life expectancy, education level and standard of living).

Data extraction and assessment of study quality

Three of the authors extracted the data. Each study included in the aforementioned final list was analysed independently by at least two of these three authors. The databases that resulted from these analyses were compared and combined into a final one, ready for the metaanalysis. Disagreements were resolved by consensus among all the authors. Data extracted concern [supplementary data]:

(1) study identification (title, name of the two first authors, publication date),

(2) study characteristics (country, city, design of the study, sample size),

(3) sample characteristics, (4) definition of MetS, (5) variables measuring SEG (list and definition of the variables), (6) prevalence of MetS, (7) limits of the study.

Statistical analysis

The odds ratio (OR) was considered as the common measure of the association between SEG with MetS. Fixed effects models were used to aggregate a mean log OR and 95% CI as the meta-analysis included only observational studies. The I 2 statistic, which measures the percentage of the total variation across studies due to heterogeneity, was assessed.

Heterogeneity was considered to be present if I 2 was superior to 50%. Publication bias was assessed by Begg rank correlation test.

Subgroup analysis were performed considering several definitions of Mets: NCEP-ATPIII and IDF2006.

All statistical analyses were performed using SAS software (version 9.4, SAS Institute, Cary, NC, 2002-2012).

RESULTS

Study identification and selection

The direct search by initial keyword « metabolic syndrome » led to 66 748 articles, 66 031 were excluded as they were not relevant. Given our inclusion/exclusion criteria and the completion of steps 1 and 2 of our methodology (section 2.2), we retained 41 articles: 3 dealing with « MetS and psychosocial deprivation", 18 with "MetS and economical status" and 8 with "MetS and socio-economic status". From these articles, we extracted 32 additional studies by indirect search (step 3 described in section 2.2). Finally, our database for the metaanalysis count 73 articles, as presented in the flow-chart (Figure 1).

Study characteristics

In the 73 studies selected, publication year went from 2003 to 2017. Among them, 15 were longitudinal studies (cohorts) (13-27) and 58 were cross sectional studies (1-3,28-80).

Regarding Human Development Index (HDI), 35 studies were set in countries classified as very high [START_REF] Carnethon | Risk factors for the metabolic syndrome: the Coronary Artery Risk Development in Young Adults (CARDIA) study, 1985-2001[END_REF][START_REF] Prescott | Social gradient in the metabolic syndrome not explained by psychosocial and behavioural factors: evidence from the Copenhagen City Heart Study *[END_REF][START_REF] Ramsay | Is socioeconomic position related to the prevalence of metabolic syndrome?: influence of social class across the life course in a population-based study of older men[END_REF][START_REF] Chichlowska | Life course socioeconomic conditions and metabolic syndrome in adults: the Atherosclerosis Risk in Communities (ARIC) Study[END_REF][START_REF] Lidfeldt | Socio-demographic and psychosocial factors are associated with features of the metabolic syndrome. The Women's Health in the Lund Area (WHILA) study[END_REF][START_REF] Silventoinen | Educational inequalities in the metabolic syndrome and coronary heart disease among middle-aged men and women[END_REF][START_REF] Perel | Household wealth and the metabolic syndrome in the Whitehall II study[END_REF][START_REF] Langenberg | Social circumstances and education: life course origins of social inequalities in metabolic risk in a prospective national birth cohort[END_REF][START_REF] Scuteri | Education eclipses ethnicity in predicting the development of the metabolic syndrome in different ethnic groups in midlife: the Study of Women's Health Across the Nation (SWAN)[END_REF][START_REF] Dallongeville | Household income is associated with the risk of metabolic syndrome in a sex-specific manner[END_REF][START_REF] Matthews | Association between socioeconomic status and metabolic syndrome in women: testing the reserve capacity model[END_REF][START_REF] Yang | Metabolic syndrome and sex-specific socioeconomic disparities in childhood and adulthood: the Korea National Health and Nutrition Examination Surveys[END_REF][START_REF] Riediger | Prevalence of metabolic syndrome in the Canadian adult population[END_REF][START_REF] Setayeshgar | Metabolic syndrome in canadian adults and adolescents: prevalence and associated dietary intake[END_REF][START_REF] Blanquet | Metabolic syndrome and social deprivation: results of a French observational multicentre survey[END_REF][START_REF] Park | The metabolic syndrome and associated lifestyle factors among South Korean adults[END_REF][START_REF] Park | Sex differences in the relationship between socioeconomic status and metabolic syndrome: the Korean National Health and Nutrition Examination Survey[END_REF][START_REF] Park | A cross-sectional study of socioeconomic status and the metabolic syndrome in Korean adults[END_REF][START_REF] Alkerwi | Dietary, behavioural and socio-economic determinants of the metabolic syndrome among adults in Luxembourg: findings from the ORISCAV-LUX study[END_REF][START_REF] Loucks | Socioeconomic position and the metabolic syndrome in early, middle, and late life: evidence from NHANES 1999-2002[END_REF][START_REF] Rosa | Metabolic syndrome and psychosocial deprivation. Data collected from a Paris suburb[END_REF][START_REF] Salsberry | A complex web of risks for metabolic syndrome: race/ethnicity, economics, and gender[END_REF][START_REF] Santos | Gender, socio-economic status and metabolic syndrome in middle-aged and old adults[END_REF][START_REF] Chichlowska | Individual and Neighborhood Socioeconomic Status Characteristics and Prevalence of Metabolic Syndrome. The Atherosclerosis Risk in Communities (ARIC) Study[END_REF][START_REF] Lucove | Association between adult and childhood socioeconomic status and prevalence of the metabolic syndrome in African Americans: the Pitt County Study[END_REF][START_REF] Sidorenkov | Prevalence of the metabolic syndrome and its components in Northwest Russia: the Arkhangelsk study[END_REF] (figure 2).

The results of the subgroup analysis based on definition of MetS showed an increased risk of MetS in association with SEG when IDF definition was considered (OR=1,16, 95%CI=1,02-1,33) with a substantial level of heterogeneity among studies (p=0.03, I 2 =84.3).

No publication bias was observed according to Begg test (p=0.25) (figure 3).

The same association was found when NCEP-ATPIII was used (OR=1,21, 95%CI=1,17-1,25) with a substantial level of heterogeneity among studies (p<0.0001, I 2 =98.8). No publication bias was observed according to Begg test (p=0.25) (figure 4).

However, no association was found when considering the other definitions of MetS and SEG (OR=1.04, 95%CI=1.00-1.09) (figure 5).

DISCUSSION

We conducted a meta-analysis over 73 articles on the link between SEG and MetS. Our study showed that economic and social vulnerability, i.e. low SEG measured as regard to psychosocial deprivation, economical status and SES, is a risk associated with Mets.

More precisely, 62 studies of our database underlined this positive association between SEG and MetS. The 11 that did not were mostly cross-sectional studies with low sample size (<1000 individuals), suggesting that they probably lacked statistical power to put in light a significant correlation between SEG and MetS. Interestingly, our results seemed to be robust.

The link we underlined between SEG and MetS was significant and positive whatever the characteristics of the studies (e.g. design, HDI of the country) and the definitions retained for SEG and MetS (IDF or NCEP-ATPIII).

To our knowledge, this meta-analysis is the first one of the link between economic and social vulnerability and MetS. Thus, our study provides a comprehensive list of articles that deal with SES and MetS through our systematic review and synthesizes the existing results through our meta-analysis.

Given the prevalence of MetS is increasing in recent years [START_REF] Shin | Trends in the prevalence of metabolic syndrome and its components in the United States 2007-2014[END_REF], identifying population-at-risk would participate to a more effective screening and prevention (primary and secondary), particularly when this population-at-risk is also a population concerned by a low access to healthcare services. It has been demonstrated that economic and social vulnerability is a risk factor for various pathologies, particularly for cardiovascular diseases [START_REF] Havranek | Social Determinants of Risk and Outcomes for Cardiovascular Disease: A Scientific Statement From the American Heart Association[END_REF] . In our study, SEG appears as an independent factor of MetS. This is an expected result as the prevalence of obesity and of type 2 diabetes is higher in the vulnerable population than in general population. Obesity if one of the components of MetS and MetS is also a risk factor for type 2 diabetes.

Our results must be nuanced. First, during the study selection phase, 81 studies met the inclusion criteria but for six of them the necessary data were not available. Second, regarding the definition of MetS, studies mainly retained the definition of NCEP-ATPIII or that of IDF.

We analysed them independently and as we pointed out above, they gave the same results

than the global analysis. We examined also the others definitions of MetS, within a unique sub-sample (given the low number of studies concerned by each definition): the link between SES and MetS was not significant. Such a result can be explained by the heterogeneity of the definitions that can led to bias in the ranking of the studied population with regard to the definitions of the scientific and international societies. Third, there is no unique definition for economic and social vulnerability. It can be economic, social or psychosocial. An analysis per type of vulnerability could show different links with MetS in terms of significance, sign and magnitude. In our study, we were unable to do this sub-sample analysis, as the number of studies for some definitions was too small. Fourth, the measure of consistency in our metaanalysis (I 2 ) showed there was a great heterogeneity among our pool of studies. Lastly, our meta-analysis focused only on the link between SEG and MetS. Further analysis would be required to take into account other potential confounding factors known to be linked to the risk of Mets including gender, age and education level. The data included in the analysis were aggregated data, only the marginal totals were available so that individual characteristics could not be assessed.

CONCLUSION

Economic and social vulnerability is associated with Mets. Further publications are necessary to confirm those results with harmonized definitions of both Mets and economic and social vulnerability. Targeted interventions must be implemented as prevention campaigns aimed at the general population are not adapted to this particular vulnerable population. 
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 1 MetS was measured in adults (18+ years old) according to at least one of the following definitions: NCEP ATPIII 2001 (5), IDF 2006 (7), WHO 1998 (4), Harmonized definition 2009 (8), AHA 2005 (6) [TABLE
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Table 1 : Definitions of the Metabolic Syndrome
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	-analysis,	metabolic	syndrome,	economic	gradient,	lifestyle