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Introduction

Major depressive disorder (MDD) is a leading cause of disability worldwide. As for many other psychiatric and somatic conditions, there is growing evidence of the contribution of social inequalities in the risk of MDD [START_REF] Hoebel | Social inequalities and depressive symptoms in adults: the role of objective and subjective socioeconomic status[END_REF]. Specifically, these studies show that indicators of low SES, either as composite or discrete scores, such as low education level or low income, are associated with greater risk of MDD, in both cross-sectional [START_REF] Lorant | Socioeconomic inequalities in depression: a meta-analysis[END_REF] and longitudinal studies [START_REF] Pino | Adolescent socioeconomic status and depressive symptoms in later life: evidence from structural equation models[END_REF][START_REF] Assari | Combined racial and gender differences in the long-term predictive role of education on depressive symptoms and chronic medical conditions[END_REF]. Regarding the association with low education, it has been found in both men and women [START_REF] Chazelle | Explanations of educational differences in major depression and generalised anxiety disorder in the Irish population[END_REF] and in both lowincome [START_REF] Bonful | Sociodemographic correlates of depressive symptoms: a crosssectional analytic study among healthy urban Ghanaian women[END_REF] and high-income countries [START_REF] Chazelle | Explanations of educational differences in major depression and generalised anxiety disorder in the Irish population[END_REF]; additionally it may be independent of individual or household income [START_REF] Lorant | Socioeconomic inequalities in depression: a meta-analysis[END_REF]. A meta-analysis of 37 studies mainly from Western countries has found a three per cent decrease in log odds ratio for depression per additional year of education [START_REF] Lorant | Socioeconomic inequalities in depression: a meta-analysis[END_REF].

Moreover, income has been shown to be an independent predictor of depression [START_REF] Sareen | Relationship between household income and mental disorders: findings from a population-based longitudinal study[END_REF][START_REF] Lund | Poverty and common mental disorders in low and middle income countries: a systematic review[END_REF] and to partially mediate the association between education and depression [START_REF] Chazelle | Explanations of educational differences in major depression and generalised anxiety disorder in the Irish population[END_REF].

Several explanations may account for these social inequalities in the risk of MDD. It has been shown that inequalities are associated with increased psychological stress [START_REF] Pickett | Income inequality and health: a causal review[END_REF]. For instance, low income may increase loneliness and isolation [START_REF] Buttrick | The psychological consequences of income inequality[END_REF], and limits access to healthcare and housing, which consequently may increase the risk of developing psychiatric disorders including MDD [START_REF] Lynch | Income inequality and mortality: importance to health of individual income, psychosocial environment, or material conditions[END_REF]. Although material factors, specifically financial strain, may have higher mediating than psychosocial function in this association [START_REF] Domènech-Abella | The association between socioeconomic status and depression among older adults in Finland, Poland and Spain: A comparative cross-sectional study of distinct measures and pathways[END_REF], as the act of comparing oneself to someone else with more favorable social position may create a feeling of social defeat that in turn leads to depression [START_REF] Burns | Income inequality widens the existing income-related disparity in depression risk in post-apartheid South Africa: Evidence from a nationally representative panel study[END_REF]. However, the role of substance use in either mediating or moderating the association between low SES and depression remains understudied.

Low educational attainment had been associated with a higher risk of non-problematic heavy drinking and problematic drinking [START_REF] Murakami | Associations of education and income with heavy drinking and problem drinking among men: evidence from a population-based study in Japan[END_REF]. Moreover, those individuals with a lower socioeconomic background bear more burden of alcohol-related harm [START_REF] Collins | Associations between socioeconomic factors and alcohol outcomes[END_REF]. Regarding tobacco use, people with low SES tend to smoke more frequently [START_REF] Allen | Socioeconomic status and non-communicable disease behavioural risk factors in low-income and lower-middle-income countries: a systematic review[END_REF] and have a harder time quitting consumption. The same pattern has been observed with cannabis use [START_REF] Hasin | Time trends in US cannabis use and cannabis use disorders overall and by sociodemographic subgroups: a narrative review and new findings[END_REF]. The association between substance use and low income/education status may occur because of a relative lack of other rewarding activities [START_REF] Hart | Drugs, Society & Human Behavior[END_REF], as well as because of a relative increase of psychosocial stress, substance use being used as self-medication on the short term. On the other hand, however, there is evidence that substance use may contribute to greater risk of depression on the long term. Regarding alcohol use disorder and MDD, the presence of either disorders doubles the risk of developing the other [START_REF] Boden | Alcohol and depression[END_REF]. Beyond alcohol use disorder, alcohol consumption has also been linked to depression [START_REF] Churchill | Alcohol and depression: Evidence from the 2014 health survey for England[END_REF]. Tobacco use may also cause depressive symptoms. In a meta-analysis including several prospective studies, smokers at baseline had 60% greater odds of incident depression at follow-up than subjects having never smoked [START_REF] Luger | How robust is the association between smoking and depression in adults? A meta-analysis using linear mixed-effects models[END_REF]. Regarding cannabis use, most studies tend to focus on its association with psychotic disorders among adolescents and young adults although some prospective studies have also found an association with depression [START_REF] Bovasso | Cannabis abuse as a risk factor for depressive symptoms[END_REF].

Given that SES factors, including education and income, may influence substance use, which in turn may increase the risk of depression, substance use appears as a plausible, yet understudied mediator of the association between SES and depression. Furthermore, substance use may also moderate this association. First, low income and/or education may increase the probability of relying on substance use as a coping strategy, thus precipitating depression, chiefly due to a relative lack of other coping strategies, as compared to individuals of higher status [START_REF] Pickett | Income inequality and health: a causal review[END_REF]. Second, substance use may impede emotion regulation abilities, which are more likely to be challenged in individuals of low SES, because of more frequent stressful life events. Third, low SES may be associated with both cognitive and behavioral vulnerabilities for depression that can render individuals more sensitive to the depressive effects of substances [START_REF] Schibli | Attending, learning, and socioeconomic disadvantage: Developmental cognitive and social neuroscience of resilience and vulnerability[END_REF].

In order to examine the role of prevalent substances (i.e., alcohol, tobacco, cannabis) in the association between education or income and depression, we have used prospective data from a large, population-based cohort, the Constances cohort, and have applied mediation and moderated mediation models in which we hypothesize that SES differences in the prevalence of depressive states may be explained by both differences in the prevalence of alcohol, tobacco, and cannabis according to SES (i.e., mediating effects), and differential effects of substance use on depressive state according to SES (i.e., moderating effects). Because gender may influence both the likelihood of engaging in substance use and developing depressive states [START_REF] Chaiyasong | Drinking patterns vary by gender, age and country-level income: Cross-country analysis of the International Alcohol Control Study[END_REF], all analyses are stratified by gender.

Material and methods

Sample selection

Constances is a large, population-based, prospective cohort whose recruitment began in 2012 and ended in 2019 with a total size of more than 200,000 subjects, including volunteers aged 18-69 at baseline, and living in 21 selected departments (administrative divisions) throughout metropolitan France, in both rural and urban settings [START_REF] Zins | The French CONSTANCES population-based cohort: design, inclusion and follow-up[END_REF]. Participants were selected among individuals covered by the general insurance scheme or partner health insurance funds (in all, 85% of the French population) using a random sampling scheme stratified on place of residence, age, gender, and occupational status. Eligible individuals were invited by mail to participate in the study. Volunteers completed a self-administered questionnaire on lifestyle, health status, medical history, and socio-professional status, and attended a Health Screening Center for a comprehensive evaluation including a physical examination and laboratory tests. The present analyses were conducted on 37,192 adult participants (supplementary Figure 1).

Variables

Age and gender were obtained in the baseline questionnaire.

Income

Income was measured by the following question: "What is the total amount of the net monthly income of your household? (i.e., the sum of all the incomes of people living in your household or your income if you live alone, whatever the source of the income)?". Participants had to select among the following options: 1) less than 450 euros; 2) 450 to less than 1,000 euros; 3) 1,000 to less than 1,500 euros; 4) 1,500 to less than 2,100 euros; 5)2,100 to less than 2,800 euros; 6) 2,800 to 4,200 euros 7) more than or equal to 4,200 euros; 8) don't know how to answer and 9) does not wish to answer.

Since categories 8 and 9 (representing 4.9% of the sample) would not have conveyed much information, they were thus considered as missing and multiple imputation analyses were subsequently run to handle missing data.

Income was thus computed as a seven category variable.

Education

Education was measured using the following question: "What is the highest diploma that you have obtained?". Participants had to select among the following options: 1) no diploma; 2) general study certificate (equivalent to 12 years of school education); 3) certificate of professional aptitude; 4) high school diploma or equivalent; 5) undergraduate degree (2-3 years of study); 6) graduate degree (4 years of study); 7) graduate degree (≥5 years of study) 8) other.

Since category 8 (representing 0.19% of the sample) would not have conveyed much information, it was thus considered as missing and multiple imputation analyses were subsequently run to handle missing data. Again, education was computed as a seven category variable.

Alcohol consumption

Chronic alcohol consumption was computed based on the following question: "How often do you usually drink alcoholic beverages?" Participants had to choose one of the following four responses: 1) Never; 2) Once a month or less; 3) Two or three times per month and 4) Once a week or more. For participants who declared a chronic consumption for "once a week or more", weekly alcohol consumption was computed in drinks per week based on a reporting of all the alcoholic beverages consumed the previous week.

The average number of drinks per day was multiplied by seven in order to get the total number of drinks per week. Non-regular consumption (included abstinent who reported never drinking alcohol) was considered as having less than 1 drink per week. Regular consumers were categorized according to the WHO alcohol risk categories (World Health Organization, 2000) for men (women): 1) low: 28 (14); 2) medium: 43 (29); 3) high: <71 (43) and 4) very high: ≥71 (43).

The last two categories were merged to ensure sufficient sample size. The final variable consisted of four classes: 1) very low risk (abstinent) : <1 (1) drinks/week in men (women); 2) low risk: 1-27 (1-13) drinks/week in men (women); 3) moderate risk: 28-42 (14-28) drinks/week in men (women); 4) high and very high risk: >42 (28) drinks/week in men (women). Missing data on alcohol consumption represented 11% of the sample and were handled using multiple imputation analyses.

Cannabis use

The questionnaire regarding cannabis consumption involved three questions: 1) "Have you ever consumed cannabis"; 2) "Have you consumed cannabis in the past 12 months?" 3) "Have you consumed cannabis in the past thirty days?" Participants had to choose between: yes, no, and does not know. Individuals who have answered "does not know" have been considered as missing (representing 7% of the sample) and values were assigned based on multiple imputations. Those that answered "yes" were further asked how many times they consumed in the past 12 months and 30 days.

From the previous information, a categorical variable expressing the frequency of lifetime cannabis consumption was computed as follows: 1) never used; 2) consumption in the past 12 months, but not in the past 30 days; 3) less than once a week; and 4) one time per week or more.

We conducted imputations conducted for missing cannabis use data.

Tobacco use

Tobacco use status (i.e., non-smoker, former smoker, or current smoker) was self-reported.

Participants had to pick from the following: "Smoking status at inclusion: non-smoker, former smoker and current smoker. Among current smokers, the average number of average number of rolled cigarettes, manufactured cigarettes, cigars and cigarillos consumed per day was determined (regardless of the product, e.g., common cigarette, cigar, and pipe) as: 1) less than one per day; or 2) one time per day or more. A further question ""How many times do you smoke on average per day?" determined the average number of rolled cigarettes, manufactured cigarettes, cigars and cigarillos consumed per day if the participant answered one time per day or more on the former question. From these variables, we computed a categorical variable with five modalities: 1) non-smokers; 2) former smokers; 3) current light smokers (1 to 9 cigarettes per day); 4) current moderate smokers (10 to 19 cigarettes per day); and 5) current heavy smokers (>19 cigarettes per day). We have conducted imputations for missing data on cigarette smoking (representing 5.5% of the sample).

Depressive state at baseline and at follow-up

We measure depressive symptoms using the self-administered Center of Epidemiologic Studies Depression scale (CES-D). This scale evaluates the frequency of depressive symptoms during the previous week (e.g., "I felt depressed", "I felt everything I did was an effort", "my sleep was restless"). Responses range from 0 (hardly ever) to 3 (most of the time), resulting in a global score ranging from 0 to 60. Internal consistency of this scale is generally high (α=0.90 in the Constances cohort). Depressive state was defined by a CES-D score ≥19, according to the validated cutoff of the French version (sensitivity/specificity for the diagnosis of major depression: 0.85/0.86) [START_REF] Morin | Psychometric properties of the Center for Epidemiologic Studies Depression Scale (CES-D) in French clinical and nonclinical adults[END_REF]. We have conducted imputations for missing data (representing 5.6% of the sample at baseline and 3.9% at follow-up).

Depressive symptoms were available at baseline and upon follow-up at one, two or three years depending of the year of recruitment of the subjects in the cohort.

Missing patterns were computed before running multiple imputations analyses and are presented as complementary analyses. The missing pattern was not monotone (Supplementary table 1), and since most variables were categorical, we selected the Fully Conditional Specification (FCS) method as being appropriate for data with arbitrary missing patterns [START_REF] Liu | Multiple imputation by fully conditional specification for dealing with missing data in a large epidemiologic study[END_REF]. We imputed the dependent variable (depressive symptoms) and the predictors (alcohol, cannabis, tobacco, income, and education) as part of the logistic regression model and we requested three imputations. For each variable, the rate of missing data, including the responses that we did not categorize (e.g., "I do not want to answer"), ranges from 1.32% to 11.1%, with 85% of participants having no or no more than one missing value (Supplementary table 1). All descriptive statistics, estimates for the logistic regression and SEM models are modeled effects of the three imputations.

Means and frequencies of all variables before imputations are presented as part of the supplementary analyses (supplementary table 2).

In summary, Table 1 shows the characteristics of the population using the means of the 3 imputations as included in the analyses and Supplementary table 2 shows the characteristics of the population without running imputations. Supplementary Table 3a presents descriptive statistics using binary variables after having determined the threshold based on their association with depressive symptoms, stratified for sex and controlling for age.

Statistical analyses

We have analyzed associations between baseline variables and depressive states at follow-up (of one, two or three years) using logistic regressions stratified by gender and adjusted for age and presented as odds-ratio (OR) and 95% confidence interval (CI). Next, we used path analysis with mediation in order to examine the extent to which the association between SES (using successively income and education) and depressive states at follow-up is explained by substance use (alcohol, tobacco and cannabis). The mediation model allows for the possibility of compensatory effects, i.e., that some indirect effects through each substance use can be either positive or negative.

The mediation model can fully explain the greater risk of depressive states at follow-up in individuals with low socio-economic status (SES) if the total indirect effect (i.e., the sum of all the specific indirect effects of SES on depressive states through all types of substances) is positive and there is no additional (i.e., direct) effect of SES on risk of depressive states. By contrast, the presence of a significant direct effect of SES on risk of depressive states beyond the indirect effects of SES on depressive states through all types of substances will suggest the existence of differential effects of substance use on risk of depressive states according to SES, i.e., a moderating effect of SES on the effect of substance use on depressive states according to substance use.

To test the presence of this moderating effect while simultaneously taking into account SES differences in the prevalence of substance use, we use a structural equation model with moderated mediation [START_REF] Preacher | Addressing moderated mediation hypotheses: Theory, methods, and prescriptions[END_REF][START_REF] Meneton | Work environment mediates a large part of social inequalities in the incidence of several common cardiovascular risk factors: Findings from the Gazel cohort[END_REF][START_REF] Matta | Diet and physical activity in the association between depression and metabolic syndrome: Constances study[END_REF].This model incorporates a moderating effect of SES (using successively income and education) on the relationship between substance use (alcohol, tobacco and cannabis) and depressive states at follow-up, modeled as an interaction between SES and substance use. The mediation-moderation model helps take into account any residual mediation effect.

Because we have sought to simultaneously examine all path coefficients, no paths in any of the models were fixed to zero. Therefore, goodness of fit measures are not relevant in evaluating these models since they do not inform on the "correctness" of the models, but rather provide only a summary of how well the observed correlations match the model when several paths are fixed at zero [START_REF] Blanco | Toward Understanding Sex Differences in the Prevalence of Posttraumatic Stress Disorder: Results From the National Epidemiologic Survey on Alcohol and Related Conditions[END_REF].

In all models, we use binary variables for which the choice of the threshold is based on preliminary analyses regarding their associations with depressive states at follow-up, while adjusting for age and depressive states at baseline and stratifying for gender (Figures 1234and Supplementary Tables 3a and3b). This method was chosen in order to maximize the estimates with depressive states and the possibility of observing significant mediation and moderation effects.

For each variable, the selected threshold corresponds to the category for which the association is significant in men as well as in women; the same category, which may correspond to different levels of consumption for alcohol, is then used in both men and women. These thresholds re: >42 (28) drinks per week for men (women) for alcohol, ≥10 cigarettes per day for both men and women for smoking, and >4 times/30 days for both men and women for cannabis use. Low education is defined as having a high school diploma, and lower and low income are defined as boasting a household income less than 2,800 euros for both men and women.

We acknowledge that the cut-off used for the definition of low income does not meet the definition of 'low income' in France and is not a standard measure. For the sake of simplicity, we use this term throughout the text and the figures in order to refer to an income ranging between 2100 and 2800 euros.

We conducted all our analysis using Mplus Version 7.1 [START_REF] Muthen | Mplus User's Guide Los Angeles[END_REF]. This software provides estimates and tests of significance for direct effects, as well as specific and total indirect effects.

The default estimator for the analysis is the weighted least squares (WLSMV), a robust estimator appropriate for ordered categorical and dichotomous variables and appropriate for large sample sizes [START_REF] Muthen | Mplus User's Guide Los Angeles[END_REF][START_REF] Muthén | Mplus. The comprehensive modelling program for applied researchers: user's guide[END_REF]. Standardized estimates indicate how many standard deviations higher (or lower) from the mean of the latent variable underlying the binary outcome are expected to be for each increase in an additional unit of the binary predictor, while adjusting for age and depressive states at baseline. Other analyses were carried out with the Statistical Analysis System (SAS, version 9.4, Cary NC). We have evaluated statistical significance with α set a priori at 0.05.

Supplementary analyses

First, to determine whether focusing on alcohol consumption rather than alcohol use disorder might have led to underestimate the observed effects, we computed the mediation models using the total score of the Alcohol Use Disorders Identification Test (AUDIT) in order to assess the risk of alcohol use disorder at baseline. To this end, the AUDIT total score was categorized into 1) Mild (0-7), 2) Dangerous (8-15), 3) Problematic [START_REF] Allen | Socioeconomic status and non-communicable disease behavioural risk factors in low-income and lower-middle-income countries: a systematic review[END_REF][START_REF] Hasin | Time trends in US cannabis use and cannabis use disorders overall and by sociodemographic subgroups: a narrative review and new findings[END_REF][START_REF] Hart | Drugs, Society & Human Behavior[END_REF][START_REF] Boden | Alcohol and depression[END_REF], and 4) Dependence . Then, the association of the AUDIT score with depressive symptoms was examined in order to further categorize it into a binary variable. The AUDIT score was aggregated as a binary variable as follows: mild risk (0-7) versus at-risk alcohol use. This binary variable was entered in the mediation models.

To check whether focusing on very high alcohol consumption (i.e. ≥71 (43) drinks per week for men/women) could be more sensitive than high alcohol consumption in detecting meaningful differences compared with lower consumption, we have repeated the mediation models using this higher cut-off. Moreover, to check whether focusing on a household income less than 2100 euros could be more sensitive than a household income less than 2800 euros, we have repeated the mediation models using this lower cut-off to define low income.

Second, we performed a series of sensitivity analyses to test the robustness of our results.

We reproduced the main analyses while excluding participants with at least one missing data. As some young adults, not coming from a low SES background but still enrolled in an education program (with no degree completion yet), may bias the association between low education status and depressive symptoms, we have chosen to also conduct sensitivity analyses by removing participants aged 25 years or less. We have also conducted mediation analyses by year of inclusion in the cohort to account for differences in duration of follow-up. Finally, we have conducted sensitivity analyses while removing alcohol abstinent participants.

Results

Participants' characteristics

Table 1 presents the descriptive characteristics of the population stratified for gender. The prevalence of individuals holding a high school diploma equivalent or less is 43.9% in men and 41.4% in women. Income of less than 2,800 euros is prevalent in 33.1% and 41.0% of men and women respectively. A high-risk alcohol use concerns 2.4% and 1.2% of men and women, respectively. Tobacco use of more than or equal to ten cigarettes per day is prevalent in 8.7% and 6.8% of men and women, respectively. Cannabis use of at least four times in thirty days concerns 4.4% and 2.2% of men and women, respectively.

Age-adjusted association with depressive states

Table 2 presents the age-adjusted associations of baseline variables with depressive states at years one, two, and three. There is an obvious negative gradient between SES indicators and the risk of depressive states (Table 2). When considering the selected thresholds (supplementary Table 3b), the OR of depressive states with lower income are 2.19 (95% CI 1.98-2.42), and 1.88 (95% CI 1.74-2.03) for men and women, respectively. Likewise, men and women in the lower category of education exhibit higher odds of depressive states (OR 1.47, 95% CI 1.34-1.61, and OR 1.45, 95% CI 1.35-1.55, respectively).

Similarly, substance use show obvious gradients (Table 2). When considering the selected thresholds, smoking 10 cigarettes or more per day appears to be associated with depressive states: OR 2.17 95% CI 1.88-2.49, and OR 1.88 95% CI 1.65-2.14 in men and women, respectively.

Likewise, drinking more than 42 (28) drinks/week for men (women) is associated with depressive states in men (OR 2.55 95% CI 2.03-3.21), and women (OR 1.39 95% CI 1.03-1.87).

The association of cannabis use with depressive states is significant in both men and women when smoking cannabis at least once in the last thirty days (OR 1.52 95% 1.24-1.86 and OR 1.37 95% CI 1.11-1.69), for men and women respectively.

Mediation analyses

Estimates from the path analysis are shown in Figures 1a,1b, 2a, 2b for education and income in both genders, respectively. All figures display specified direct effects unless otherwise specified.

Education

In men, the associations between low education and substance use are significant for alcohol and tobacco use, but not for cannabis use (Figure 1a). The associations between substance use and depressive states are significant for tobacco use. In women, the significant associations concern tobacco use only, with low education on one hand, and depressive states on the other hand (Figure 1b).

In men and women, the standardized total effect of low education on depressive states is 0.12 ± 0.03 and 0.09 ± 0.02, respectively (p<0.05). The total indirect effect through substance use is negligible (0.01 ± 0.00 and 0.00 ± 0.00 in men and women, respectively). Accordingly, the ratio of total indirect effect (mediated through substance use variables) on total effect (i.e., the direct effect of low income on depressive states, plus the total indirect effect mediated through substance use variables) amounts to 0.007/0.131=5.34%, and 0.002/0.096=2.42% for men and women, respectively. In other words, for men, less than 6% of the association between low education and depressive states is explained by alcohol, tobacco, and cannabis use. For women, the role of substance use in the association between low education and depressive states is even weaker, at less than 3%.

Income

For men (Figure 2a) and women (Figure 2b), the association between income and substance use is significant for alcohol and tobacco, but not cannabis. For men, tobacco use is associated with depressive states. Additionally, for men and women, the standardized total effect of low income on depressive states is 0.17 ± 0.03, and 0.27 ± 0.02, respectively (p<0.05). The standardized indirect effect is 0.004 ± 0.0003 in men, and -0.004 ± 0.002 in women, and did not reach statistical significance. In other words, mediation models indicate that substance use does not explain the association between low income and depressive states.

Moderated mediation analyses

Estimates from the mediation and moderation models are shown in Figures 3a,3b, 4a, 4b for education and income in both genders, respectively. All figures display specified direct effects unless otherwise specified Education Direct effects between low education and depressive states and the total indirect effect have appeared non-significant in the presence of modeled interactions between low education and substance use. The total moderating effect is significant, at 0.28±0.08 and 0.18±0.09, in men (Figure 3a) and women (Figure 3b) respectively, indicating that the effect of substance use on depressive states is significantly greater in participants with low education. Because tobacco is the only substance with a significant mediation effect and for which the moderation effect of SES is the strongest in both genders, our results suggest that tobacco use may play a substantial role in the association between low education and depressive states in both genders.

Income

Direct effects between low income and depressive states and the total indirect effect seem nonsignificant in the presence of modeled interactions between low income and substance use. In contrast, the moderation effect is largely significant in both men and women (Figures 4a and4b).

The total moderating effect is significant, at 0.35±0.08 and 0.25±0.08 for men and women respectively, indicating that the effect of substance use on depressive states is significantly greater in participants with low income. Similarly, because tobacco is the only substance with a significant mediation effect and for which the moderation effect of SES is the strongest in both genders, our results suggest that tobacco use may play a substantial role in the association between low income and depressive states in both genders.

Supplementary analyses

First, the mediation analyses results using the AUDIT score (binary variable) instead of alcohol consumption are presented in Supplementary figures 2-5 and were similar to the ones obtained using alcohol consumption.

Second, we have performed a series of sensitivity analyses to examine the robustness of our results. We first compared the results obtained with and without missing data imputation. The descriptive characteristics of the population without imputations are displayed in Supplementary Table 2. Alcohol consumption, tobacco and cannabis use frequencies and results of mediation and moderated mediation models are similar when excluding participants with missing data (Supplementary Tables 3a, 4 and 5).

Moreover, we ran the analyses of mediation and moderated mediation models without inclusion of depressive state at baseline and have surcharged similar results that are presented in Supplementary Tables 6 and7.

Given that education levels for individuals younger than 25 may not reflect future achievements, we have reproduced those analyses and have reached similar findings (supplementary Table 8).

Since alcohol abstinence may signal underlying mental or physical conditions that may partially blur the analysis, we have redone those analyses while excluding those participants, and have identified results leading to similar interpretation (supplementary Table 9).

The mediation analyses results using very high alcohol consumption (binary variable) instead of high alcohol consumption are presented in Supplementary figures 6-9 and were similar to the ones obtained using a lower threshold of alcohol consumption. Additionally, The mediation analyses results using a lower cut-off for income (binary variable) instead of a higher cut-off, are presented in Supplementary figures 10-11 and were similar to the ones used with the higher cutoff.

Finally, since we had three years of inclusion in the cohort (2012, 2013, and 2014) and hence a different duration of follow-up, we have reproduced these analyses stratified by year of inclusion and have observed similar findings (supplementary Tables 10a and10b).

Discussion

Main findings

In a large population-based cohort study, we have examined the extent to which the association between low SES and depressive states can be explained by higher prevalence of consumption of alcohol, tobacco or cannabis, or differential effects of substances use on depressive states (measured according to SES). Contrary to our expectations, our results show a significant, but clinically negligible (i.e., <6% of the total effect for men, and <3% in women) mediation effect of substance use in the association between low education and depressive states. Regarding the association between low income and depressive states, mediation effect was not even significant. These findings suggest that SES differences in substance use are unlikely to explain higher rates of depressive states in individuals with low SES. However, moderated mediation analyses reveal that the effect of substance use on depressive states, and particularly tobacco use, which is the only substance with a significant mediation effect and for which the moderation effect of SES is the strongest in both genders, is significantly greater in participants with low SES. This finding suggests that the strong effect of tobacco use on depressive states in individuals with low SES may substantially explain the association between low SES and depressive states in both genders.

Sensitivity analyses have yielded similar results, thus reinforcing our findings.

Strengths and limitations

The strengths of our study include the large sample and the design of the Constances cohort that have allowed us to study different associations among SES status, depressive states and substance use. To our knowledge, this is the first study to explore and quantify the mediation and moderation effects of substance use in the relationship between SES and depressive states in a large population-based sample of randomly recruited men and women. Additionally, we have explored mediation and moderation effects together and have been able to refine our understanding of the interplay between SES and substance use regarding depressive states and substances were allowed to correlate.

Limitations include the partially cross-sectional nature of the data which restricts the possibility of drawing causality with regards to associations between SES and substance use. For instance, our results clearly suggest that SES and substance use interact in predicting subsequent depressive states, but their relationships being likely bidirectional, it remains difficult to disentangle their respective effects on depressive states. However, we have measured the outcome of interest (i.e., depressive states) at both baseline and follow-up, so we have had a prospective understanding of the direction of its associations with predictors in the model. Second, we have not assessed major depression in the present study. However, although our main proxy for depression is based on a well-validated measure of depressive states (26), our results may not apply on individuals with major depression, but rather on the larger population of those experiencing depressive states. Third, we have not adjusted for income for household size in our study. Since income was measured through pre-defined response categories, it was not possible to precisely calculate net income per individual living in the household. Therefore, the number of family members was not considered in our analyses, reducing the sensitivity of our measure. Fourth, our models have not taken into consideration further confounding variables such as chronic conditions or marital status, which are simultaneously related to SES and substances consumption; this is because our main purpose has been to quantify the mediating and moderating role of substance use between SES and depression, and not to study their association per se. Unemployment has been linked to depression and substance use but it may not indicate the presence of low education or low income and applies only to individuals in the workforce. Therefore, it was not considered in the present analyses. Besides, we have chosen the least number of factors possible in order to keep our models simple and easy to interpret.

Moreover, this paper focuses on substance consumption in quantitative terms rather than qualitative terms. Information related to substance use such as heavy drinking, loss of control and craving which we have not taken into consideration in the present study, may be more robust factors associated with depression, which limits the weight of alcohol and cannabis in this study.

However, analyses based on the AUDIT score assessing the risk of alcohol use disorder at baseline in the mediation models did not show significant results in their association with education/income or depressive states. Cannabis consumption was only provided quantitatively so further qualitative analyses were not possible.

Analyses conducted when using very high alcohol consumption in the mediation models did not show significant results in their association with education/income or depressive states. Moreover, analyses conducted when using a lower cut-off for income in the mediation models yielded similar results.

Regarding tobacco consumption, even though they are associated with depressive states, the number of pack-years were not included in our analyses for assessment of tobacco consumption because they are associated to past consumption and thus may more loosely relate to current depressive states than current consumption.

Additionally, even though the Constances cohort was designed as a randomly selected representative sample of French adults, the current sample may not be representative of the general population. This might partly explain the relatively low prevalence of smoking, as this may be linked to the presence of health-concerned participants.

Lastly, the study has sought to balance parsimony with explanatory power. Future work may incorporate additional mediating and moderating variables, or integrate different levels of analysis (e.g., genetics or neuroimaging).

Explanatory hypotheses

Contrary to our expectations, substance use does not appear to substantially mediate the association between education or income and depressive states. It is noteworthy that this absence of substantial mediation is not explained by a lack of associations between SES or substance use and depressive states, which are mostly significant in our study and in line with prior findings [START_REF] Pino | Adolescent socioeconomic status and depressive symptoms in later life: evidence from structural equation models[END_REF][START_REF] Buttrick | The psychological consequences of income inequality[END_REF]. Indeed, before concluding that substance use has no role in this association, the possibility of moderation effects also needs to be systematically investigated. When allowing substance use to moderate the effects of income or education, there appears to be a significant interaction between education or income and tobacco use, thereby indicating that tobacco use is more strongly associated with depressive states in individuals with low income or education. Our data are consistent with the hypothesis that individuals with low income or education may experience greater vulnerability to the effects of tobacco use on depressive states. Several factors may contribute to this greater vulnerability. First, this interaction may be due to tobacco use per se and be explained by biological and/or behavioral factors. Second, tobacco use could be a proxy for a higher-level, unmeasured factor that can be the actual moderator of the SES effects.

Tobacco use may reduce the ability to cope with stressful life events [START_REF] Nohlert | Self-perceived ability to cope with stress and depressive mood without smoking predicts successful smoking cessation 12 months later in a quitline setting: a secondary analysis of a randomized trial[END_REF], that are more frequently encountered by individuals of low SES [START_REF] Chen | How low socioeconomic status affects 2-year hormonal trajectories in children[END_REF][START_REF] Algren | Associations between perceived stress, socioeconomic status, and health-risk behaviour in deprived neighbourhoods in Denmark: a cross-sectional study[END_REF]. There is evidence that nicotine per se may be associated with increased vulnerability for depression with a dose-response relationship independently of other tobacco compounds [START_REF] Wiernik | Electronic cigarette use is associated with depressive symptoms among smokers and former smokers: Cross-sectional and longitudinal findings from the Constances cohort[END_REF]. In addition, low SES may be associated with both cognitive and behavioral vulnerability for depression that can render individuals more sensitive to the depressive effects of nicotine deficits [START_REF] Schibli | Attending, learning, and socioeconomic disadvantage: Developmental cognitive and social neuroscience of resilience and vulnerability[END_REF]. Since nicotine is highly associated with neurocognitive impairment, and since individuals coming from low SES background are more prone to stress, mental and anxiety disorders, this will make them more vulnerable (compared to those coming from a higher social class) to the effect of substance use (i.e., tobacco use in our study) with regards to the development of depressive states. Moreover, besides the intrinsic effects of tobacco use, the moderation of the association between substance use and depressive states can be explained by an unmeasured confounding factor. For instance, temperamental vulnerability for tobacco use may also predict depression.

Simply put, nicotine consumption can be associated with (without being the sole cause of) a reduced ability to cope with stressful life events more frequently encountered by individuals of low SES. According to some researchers, tobacco use is a manifestation of the maladaptive response to emotion states [START_REF] Leventhal | Anxiety, depression, and cigarette smoking: A transdiagnostic vulnerability framework to understanding emotion-smoking comorbidity[END_REF]. SES status has also been shown to affect the relation of emotional disorder to tobacco use, as well as other behaviors such as obesity [START_REF] Gavin | Racial/ethnic differences in the association between obesity and major depressive disorder: findings from the Comprehensive Psychiatric Epidemiology Surveys[END_REF]. This hypothesis of a shared vulnerability between substance use and depression that can be more frequently revealed in individuals facing social adversity is also consistent with the moderation by alcohol use that we have observed for low income male participants. However, compared to tobacco use, our results have not shown substantial mediation and moderation effects regarding alcohol and cannabis consumption. The latter has a well-established association with mood and depressive disorders [START_REF] Gobbi | Association of cannabis use in adolescence and risk of depression, anxiety, and suicidality in young adulthood: a systematic review and meta-analysis[END_REF] but, from what we have found from the mediation moderation analyses, the association between these substances (cannabis and alcohol)

does not seem to be different across socioeconomic status.

Concluding remark: Our findings show that the strong association of low SES with subsequent depressive states is not substantially explained by increased substance use but rather by the strong effect of tobacco use on depressive states in individuals with low SES. Regarding public health and clinical practice implications, these results suggest that substance withdrawal, particularly nicotine, will be especially advantageous for individuals of low SES in reducing depressive states but, at the same time, may be unlikely to reduce substantially the risk of depression in those of high SES, probably because of the presence of other risk factors associated with low SES. Tobacco use might also be perceived by some individuals as a way to cope with stressful life events for a lack of more elaborated strategies, especially in individuals of lower SES, thus accounting for both mediation and moderation effects. Smoking cessation could also be associated with increased stress level due to withdrawal symptoms thus pointing the potential role of nicotine replacement in preventing depressive symptoms in this vulnerable population.

The findings also suggest the importance of prevention strategies (more specifically for tobacco use) in low SES groups. Future studies ought to investigate the exact mechanisms underlying the association between tobacco use and depressive states among individuals with low SES. Indirect effects=-0.004 (0.002) not significant. Total effects=0.268 (0.021) p<0.05.

Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use.

Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other. Indirect effects=-0.01 (0.002) not significant. Moderation effect=0.278 (0.076) p<0.05.

Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use.

Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other.

Dotted arrows indicate moderation effects of low education on the relationships between each substance and risk of depressive symptoms; e.g, the effect of smoking ≥10 cigarettes per day on risk of depressive symptoms is higher in participants with low education (0.05 + 0.09) than in those with higher education (0.05)." Indirect effects=-0.002 (0.001) p<0.05. Moderation effect=0.182 (0.09) p<0.05.

Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use.

Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other.

Dotted arrows indicate moderation effects of low education on the relationships between each substance and risk of depressive symptoms. Indirect effects=-0.008 (0.003) not significant. Moderation effect=0.348 (0.076) p<0.05.

Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use.

Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other.

Dotted arrows indicate moderation effects of low education on the relationships between each substance and risk of depressive symptoms. Indirect effects=-0.002 (0.002) not significant. Moderation effect=0.247 (0.08) p<0.05.

Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use.

Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other.

Dotted arrows indicate moderation effects of low education on the relationships between each substance and risk of depressive symptoms.

The

  Constances cohort study has received the authorization of the French Data Protection Authority (Commission Nationale de l'Informatique et des Libertés, CNIL) and the institutional review board of the National Institute for Medical Research (Inserm) (Authorization number 910486). All subjects included in this study gave an informed consent. An annual self-administered follow-up questionnaire is completed by the participants at home, using either a paper or Internet questionnaire. Depressive symptoms were assessed at both inclusion and in the 2015 annual questionnaire. Inclusion criteria were having had a follow-up in 2015 and a baseline data collection in the years of 2012-2014. The initial sample thus consisted of 51,335 participants with data at baseline collected in the years 2012-2014. In total, 50,608 participants were contacted for follow-up in 2015 (out of which only 37,192 responded and had their data entered -a 73.49% response rate).

Figure 2b :

 2b Figure 2b: Simple mediation model of the relationship between income, substance use and depressive states in women (N=37,192) Figure 2b legend: Depressive states defined by a CES-D score ≥19 for men and women according to the validated cutoff of the French version Regression coefficients are standardized. Values in brackets are standard errors. All coefficients in bold are significant (2-sided p<0.05).

Figure 3a :

 3a Figure 3a: Moderated mediation model of the effects of education and substance use on risk of depressive states in men (N=37,192)

Figure 3b :

 3b Figure 3b: Moderated mediation model of the effects of education and substance use on risk of depressive states in women (N=37,192)

Figure 4a :

 4a Figure 4a: Moderated mediation model of the effects of income and substance use on risk of depressive states in men (N=37,192)

Figure 4b :

 4b Figure 4b: Moderated mediation model of the effects of income and substance use on risk of depressive states in women (N=37,192)

Table 1 : Descriptive characteristics after imputations (mean of the three imputations)

 1 Results are presented as mean estimate (percent) and mean ± SEM as appropriate.

	Variables	Men (N=16861)	Women (N=20331)
	Income		
	<450 euros	100 (0.59)	127 (0.62)
	450 to less than 1000 euros	395 (2.34)	620 (3.05)
	1000 to less than 1500 euros	874 (5.18)	1447 (7.12)
	1500 to less than 2100 euros	1603 (9.51)	2624 (12.90)
	2100 to less than 2800 euros	2610 (15.47)	3524 (17.33)
	2800 to less than 4200 euros	5479 (32.49)	6439 (31.67)
	≥4200 euros	5797 (34.38)	5547 (27.28)
	Education		
	No diploma	442 (2.62)	423 (2.08)
	General study certificate	1102 (6.53)	1574 (7.74)
	(equivalent to 12 years of		
	school education)		
	Certificate of professional	3308 (19.62)	2754 (13.54)
	aptitude		
	High school diploma or	2554 (15.14)	3677 (18.08)
	equivalent		
	Undergraduate degree (2-3	3565 (21.14)	5828 (28.66)
	years of study)		
	Graduate degree (4 years of	1410 (8.36)	2098 (10.31)
	study)		
	Graduate degree (≥5 years of	4479 (26.56)	3975 (19.55)
	study)		
	Age	51 ± 0.09	49 ± 0.09
	Alcohol		
	Very low: <1(1) drinks/week	2602 (15.43)	6298 (30.97)
	in men(women)		
	Low: 1-27(1-13) drinks/week	12675 (75.17)	11925 (58.65)
	in men(women)		
	Medium: 28-42(14-28)	1178 (6.98)	1857 (9.13)
	drinks/week in men(women)		
	High: >42(28) drinks/week in	405 (2.40)	250 (1.22)
	men(women)		
	Smoking		

Table 2 : Association of depressive state with SES and substance use variables in men and women controlling for age

 2 Cut-off corresponding to the category for which the association was significant in men as well as in women; the same category was then used in both men and women.Reference groups used for substance binary variables are ≤42 drinks per week for alcohol, <10 cigarettes per day for smoking, and ≤4times/30 days for cannabis use. Mediators (i.e., alcohol, tobacco, cannabis) were allowed to correlate with each other.

	OR 95%CI	
	Men	Women
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