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Despite its increasing use, little is known about the effect of electronic cigarette. This study estimates the impact of the use of electronic cigarettes on tobacco smoking and health among tobacco smokers, using French panel data derived from the Health, Health Care, and Insurance Survey for 2010-2014. We use a difference-in-differences propensity score matching approach to identify the effect of electronic cigarette use on a sample of 982 smokers.

We show that the use of electronic cigarettes increases the probability of quitting smoking and reduces the number of regular cigarettes smoked per day. However, we also find evidence that electronic cigarette users have a higher probability of reporting poor health status and suffering from a chronic disease compared with those who only smoke regular cigarettes. Overall, our results do not support the use of electronic cigarettes for tobacco smokers.

Introduction

For decades, tobacco control has been a major public health concern, and a plethora of studies have highlighted the human cost of smoking. It is well known that smoking is linked to a higher prevalence of serious illnesses such as cancer, cardiovascular diseases, and lung diseases [START_REF] Bartecchi | The human costs of tobacco use[END_REF][START_REF] Bjartveit | Health consequences of smoking 1-4 cigarettes per day[END_REF][START_REF] Sturm | The effects of obesity, smoking, and drinking on medical problems and costs[END_REF][START_REF] Teo | Tobacco use and risk of myocardial infarction in 52 countries in the interheart study: a case-control study[END_REF][START_REF] Turner | Risk factors for coronary artery disease in non-insulin dependent diabetes mellitus: United kingdom prospective diabetes study (ukpds: 23)[END_REF]]. In developed countries, 20% of deaths are attributable to tobacco, which makes it the leading cause of mortality [START_REF] Danaei | The preventable causes of death in the united states: comparative risk assessment of dietary, lifestyle, and metabolic risk factors[END_REF][START_REF] Ma | Smoking-attributable mortality by state in 2014, us[END_REF][START_REF] Mokdad | Actual causes of death in the united states[END_REF][START_REF] Peto | Mortality from tobacco in developed countries: indirect estimation from national vital statistics[END_REF].

Smoking has also had a significant economic impact [START_REF] John | Economic cost of tobacco use in india[END_REF][START_REF] Mcghee | Cost of tobacco-related diseases, including passive smoking, in hong kong[END_REF]. [START_REF] Goodchild | Global economic cost of smoking-attributable diseases[END_REF], using the cost of illness approach, estimated the economic costs of smoking-attributable diseases in 2012 for 152 countries. The economic costs include direct costs such as hospital fees and indirect costs such as productivity losses due to morbidity and mortality [START_REF] Batenburg | The relationship between sickness absence from work and pattern of cigarette smoking[END_REF][START_REF] Halpern | Impact of smoking status on workplace absenteeism and productivity[END_REF]. They found that healthcare expenditure due to smokingattributable diseases totaled purchasing power parity (PPP) $467 billion, equivalent to 5.7% of global health expenditure. The total economic cost of smoking (from health expenditure and productivity losses) totaled PPP $1852 billion in 2012, equivalent to 1.8% of the world's annual GDP. Smoking brings with it a heavy economic burden globally, but particularly in Europe and North America where the tobacco epidemic is most widespread. The majority of academic studies point out a need to implement stronger tobacco control measures to reduce these costs.

Several levers have been used to encourage people to stop smoking, including tax increases, information campaigns, and substitute products. In the latter case, therapeutic methods are usually adopted, and smokers begin by using nicotine products such as patches and gum. This approach is generally effective at progressively reducing the problem of addiction, while helping smokers avoid the toxic compounds associated with tobacco [START_REF] Fiore | The effectiveness of the nicotine patch for smoking cessation: a meta-analysis[END_REF][START_REF] Group | Effectiveness of a nicotine patch in helping people stop smoking: results of a randomised trial in general practice[END_REF][START_REF] Tang | How effective is nicotine replacement therapy in helping people to stop smoking?[END_REF]. However, these treatments require significant resources in terms of nursing, patient advice, follow-up, and relapse prevention [START_REF] Fiore | Tobacco dependence and the nicotine patch: clinical guidelines for effective use[END_REF][Fiore et al., , 1994a;;[START_REF] Hurt | Nicotine patch therapy for smoking cessation combined with physician advice and nurse follow-up: one-year outcome and percentage of nicotine replacement[END_REF][START_REF] Lemmens | Effectiveness of smoking cessation interventions among adults: a systematic review of reviews[END_REF]. In addition, they do not compensate for social losses [START_REF] Falomir | The role of social influence and smoker identity in resistance to smoking cessation[END_REF][START_REF] Lindström | Impact of different aspects of social participation and social capital on smoking cessation among daily smokers: a longitudinal study[END_REF]. In this context, it is easy to understand the rapid adoption of electronic cigarettes from the early 2010s among tobacco smokers [START_REF] Farsalinos | Electronic cigarette use in the european union: analysis of a representative sample of 27 460 europeans from 28 countries[END_REF]. In France, electronic cigarettes began to be commercialized at the end of 2010/beginning of 2011. The wide-scale distribution of electronic cigarettes started in 2012 [START_REF] Pasquereau | Baromètre de santé publique france 2017. usage de la cigarette électronique, tabagisme et opinions des 18-75 ans[END_REF]. This new mechanism is a battery-operated device that provides a controlled dose of vaporized nicotine or non-nicotine solutions to the user. The objective is to provide a sensation that mimics inhaling tobacco smoke, but without the smoke. Using electronic cigarettes, which are thought to be less risky than regular cigarettes [START_REF] Pepper | How risky is it to use e-cigarettes? smokers' beliefs about their health risks from using novel and traditional tobacco products[END_REF], can preserve the social aspect of smoking. Consequently, they are often seen as a valuable theoretical tool to encourage people to reduce or stop tobacco consumption.

However, do electronic cigarettes really help users reduce or stop smoking? The evidence suggests that some tobacco smokers use electronic cigarettes as a therapeutic tool to help them reduce or quit smoking [START_REF] Dawkins | vaping'profiles and preferences: an online survey of electronic cigarette users[END_REF][START_REF] Etter | Electronic cigarettes: a survey of users[END_REF][START_REF] Etter | Electronic cigarette: users profile, utilization, satisfaction and perceived efficacy[END_REF][START_REF] Farsalinos | Evaluating nicotine levels selection and patterns of electronic cigarette use in a group of "vapers" who had achieved complete substitution of smoking[END_REF][START_REF] Foulds | Commentary on etter & bullen (2011): Could cigs become the ultimate nicotine maintenance device?[END_REF]. Indeed, several studies suggest that nicotine addiction is as present as ever [START_REF] Barbeau | Perceived efficacy of e-cigarettes versus nicotine replacement therapy among successful e-cigarette users: a qualitative approach[END_REF][START_REF] Dawkins | vaping'profiles and preferences: an online survey of electronic cigarette users[END_REF][START_REF] Etter | Electronic cigarettes: a survey of users[END_REF][START_REF] Goniewicz | Patterns of electronic cigarette use and user beliefs about their safety and benefits: An i nternet survey[END_REF]. Although tobacco smokers progressively replace regular cigarettes with electronic cigarettes, their nicotine consumption remains unchanged. On the one hand, the studies by [START_REF] Polosa | Effect of an electronic nicotine delivery device (e-cigarette) on smoking reduction and cessation: a prospective 6-month pilot study[END_REF][START_REF] Polosa | Effectiveness and tolerability of electronic cigarette in real-life: a 24-month prospective observational study[END_REF] and [START_REF] Caponnetto | Efficiency and safety of an electronic cigarette (eclat) as tobacco cigarettes substitute: a prospective 12-month randomized control design study[END_REF] suggested that the use of electronic cigarettes can reduce the number of regular cigarettes smoked. On the other hand, [START_REF] Etter | A longitudinal study of electronic cigarette users[END_REF] highlighted that although electronic cigarettes may contribute to relapse prevention for former tobacco smokers and smoking cessation for current tobacco smokers, they are not significantly more effective than nicotine patch therapy [START_REF] Bullen | Electronic cigarettes for smoking cessation: a randomised controlled trial[END_REF]. More recently, in a randomized trial of 886 participants, [START_REF] Hajek | A randomized trial of ecigarettes versus nicotine-replacement therapy[END_REF] found that electronic cigarettes may be more effective for smoking cessation than nicotine replacement therapy when both products are accompanied by behavioral support.

What exactly do electronic cigarettes contain? This is a controversial question.

The huge number of liquids and high black market production make it difficult to generalize. A crucial distinction with regular cigarettes is that a variety of electronic cigarettes exist. The study by [START_REF] Pisinger | A systematic review of health effects of electronic cigarettes[END_REF] and survey by [START_REF] Palazzolo | Electronic cigarettes and vaping: a new challenge in clinical medicine and public health. a literature review[END_REF] attempted to summarize all the detectable unsafe products that may be present during vaping. In general, these studies found a mixture of chemicals that included carrier liquids, flavors, and nicotine (some in high but most in low concentrations). In France, the regulation of electronic cigarettes was limited before 2014. Directive 2014/40/EU of the European Parliament adopted new rules in member states. To be marketed, the nicotine concentration should not exceed 20 mg/ml and refill containers should not exceed the maximum sizes set by the Directive. However, this Directive was only transposed into French law in May 2016.

Consequently, this regulation was not effective during our study period. As shown by [START_REF] Tierney | Flavour chemicals in electronic cigarette fluids[END_REF], the concentrations of some flavors are sufficiently high to be unsafe when inhaled. More worryingly, some electronic cigarettes have been found to contain toxic chemicals, carcinogens, and substances potentially harmful to human health [START_REF] Hadwiger | Identification of amino-tadalafil and rimonabant in electronic cigarette products using high pressure liquid chromatography with diode array and tandem mass spectrometric detection[END_REF][START_REF] Khlystov | Flavoring compounds dominate toxic aldehyde production during e-cigarette vaping[END_REF][START_REF] Trehy | Analysis of electronic cigarette cartridges, refill solutions, and smoke for nicotine and nicotine related impurities[END_REF][START_REF] Vanderkam | Efficacité et sécurité de la cigarette électronique pour la réduction du tabagisme: revue systématique et méta-analyse[END_REF][START_REF] Westenberger | Evaluation of e-cigarettes[END_REF][START_REF] Williams | Metal and silicate particles including nanoparticles are present in electronic cigarette cartomizer fluid and aerosol[END_REF]. The latter are vaporized and potentially inhaled by both the electronic cigarette user and his or her entourage [START_REF] Schripp | Does e-cigarette consumption cause passive vaping?[END_REF]. It is thus clear that the hazards associated with this practice should be studied in detail.

The current literature is dominated by studies in the medical field, and it reports divergent results on health outcomes. An important factor in understanding these discrepancies is the significant presence of conflicts of interest comparable to those associated with the tobacco industry in the 1950s [START_REF] Bero | Public health chronicles[END_REF]. [START_REF] Pisinger | A systematic review of health effects of electronic cigarettes[END_REF] and [START_REF] Pisinger | A conflict of interest is strongly associated with tobacco industry-favourable results, indicating no harm of e-cigarettes[END_REF] showed that beyond any methodological problems, many of those studies conducted by authors with a conflict of interest claim that electronic cigarette use has no effect on health. By contrast, independent studies generally find that the use of both electronic and regular cigarettes has negative effects on health. Tobacco smoking and electronic cigarette use have been associated with higher cardiovascular risk [START_REF] Benowitz | Cardiovascular effects of electronic cigarettes[END_REF][START_REF] Münzel | Effects of tobacco cigarettes, e-cigarettes, and waterpipe smoking on endothelial function and clinical outcomes[END_REF][START_REF] Skotsimara | Cardiovascular effects of electronic cigarettes: a systematic review and meta-analysis[END_REF], myocardial infarction [START_REF] Alzahrani | Association between electronic cigarette use and myocardial infarction[END_REF], airway inflammation/oxidative stress [START_REF] Chaumont | Fourth generation e-cigarette vaping induces transient lung inflammation and gas exchange disturbances: results from two randomized clinical trials[END_REF][START_REF] Moheimani | Increased cardiac sympathetic activity and oxidative stress in habitual electronic cigarette users: implications for cardiovascular risk[END_REF][START_REF] Vardavas | Short-term pulmonary effects of using an electronic cigarette: impact on respiratory flow resistance, impedance, and exhaled nitric oxide[END_REF], and psychological distress [START_REF] Park | Patterns of electronic cigarette use and level of psychological distress[END_REF]. In the United States, the Wave 3 National Health Interview Survey (2014, 2016, and 2017) reports that electronic cigarette users have a higher risk of myocardial infarction, stroke, depression, and circulatory disorders, but a lower risk of hypertension and diabetes than non-users [Vindhyal et al., 2019a], [Vindhyal et al., 2019b]. [START_REF] Vlachopoulos | Electronic cigarette smoking increases aortic stiffness and blood pressure in young smokers[END_REF] found that electronic cigarette use increases aortic stiffness and blood pressure in young smokers. Furthermore, the latter are more likely to smoke tobacco in the future if they have initially been exposed to electronic cigarettes [National Academies of Sciences, 2018]. The 2019 report published by the World Health Organization [2019] takes a similar line, arguing that electronic cigarette use is not without risks for young smokers and pregnant women. It notes a clear need to "minimize the content and emissions of toxic products." While informative, however, these studies do not estimate the causal effect of electronic cigarettes on health.

These earlier studies, combined with the recent wave of deaths, have affected the dominant policy discourse on electronic cigarette use. Although electronic cigarettes have long been encouraged through television, online, and print advertising (partic-ularly in the United States), the position has changed in many countries. Indeed, some governments such as those in Thailand, Argentina, Brazil, and Mexico have now banned electronic cigarettes. In Canada and Australia, electronic cigarettes cannot contain nicotine. More recently, India and the US states of Michigan and New York prohibited the marketing of electronic cigarettes. The European Union is seeking to further harmonize rules regarding their use. In 2014, it limited the amount of nicotine an electronic cigarette could contain and prohibited certain additives (See Directive 2014/40/EU of the European Parliament for more details).

Furthermore, electronic cigarette users are generally subject to the same legislation as tobacco smokers, with a ban on sales to minors (under 18 years), prohibited use in public spaces (except for Romania and Bulgaria), and restrictions on advertising. Only the United Kingdom has taken a more lenient approach. The European Commission has committed to submitting a report by May 20, 2021 to potentially amend the current directive in light of the available scientific information.

In this study, we evaluate the causal impact of electronic cigarette use on both tobacco smoking and health among tobacco smokers. Our results are novel and important for at least two reasons. First, to the best of our knowledge, no study has thus far used longitudinal data to estimate this causal relation. As we show, crosssectional methods are unsuitable for analyzing such an association because of the existence of confounding factors and selection bias. Most of the existing literature relies on correlation and does not provide evidence of a causal effect. Second, while the medical literature attempts to advance our knowledge, the economics literature suffers from a lack of evidence in this area of research.

The remainder of this paper is organized as follows. We first describe the database and variables used in Section 2. We then present the empirical strategy in Section 3 and robustness checks in Section 4. Section 5 highlights the main findings. Section 6 underlines the limitations of our study. Lastly, we discuss the implications of our results for both policymakers and researchers in Section 7.

Data and variables

Ethics approval is not required for this study. All data used in this study is available publicly from the National Archive of Data from Official Statistics (in French, Archives de Données Issues de la Statistique Publique ). As a result, no data was collected directly from human subjects.

Data description

Our study draws on a longitudinal French survey. The Health, Health Care For these reasons, we use the 2010 and 2014 ESPS waves to investigate the effect of electronic cigarette use on tobacco smoking and health among tobacco smokers. The first interview (mid-2010) was undertaken before the arrival of electronic cigarettes on the French market, while the second interview (mid-2014) was performed after their introduction. Our sample is restricted to adults who daily or occasionally smoked tobacco cigarettes in 2010. Throughout this study, we distinguish between those who were electronic cigarette users in 2014 (e-users) and those who were not (non-e-users). Indeed, fewer than 1% of daily e-users have never smoked tobacco. In France, electronic cigarettes are mainly used by tobacco smokers to reduce tobacco consumption or quit smoking [START_REF] Pasquereau | Baromètre de santé publique france 2017. usage de la cigarette électronique, tabagisme et opinions des 18-75 ans[END_REF]. We exploit the following question: "Do you currently use electronic cigarettes?" with three possible answers: "Yes, daily," "Yes, occasionally," and "No." We gather the first two modalities to identify electronic cigarette users in 2014. The next section describes the variables used in our study.

Sociodemographic variables

The set of sociodemographic variables includes age, sex, education, city size, marital status, household size, and household income. We add variables related to smoking behavior (years of smoking, attempts to quit smoking, and number of cigarettes smoked per day) and a measure of an individual's health. Appendix A describes these variables.

Outcome variables

We use two sets of outcome variables. The first includes two variables related to smoking behavior: "Smokes cigarettes," which is a dummy that equals 1 if an individual smokes cigarettes and 0 otherwise, and "Number of cigarettes smoked," which measures the number of cigarettes smoked per day. The second set of outcomes includes two health-related variables. The first is self-rated health. This refers to the question "How would you describe your health at present?" with five possible answers: 1 ("excellent"), 2 ("very good"), 3 ("good"), 4 ("fair"), and 5 ("poor"). To measure individual health status, we introduce a variable "poor selfrated health" that equals 1 if an individual reports that his or her health is "fair" or "poor" and 0 otherwise. Although it is a subjective measure, a number of studies show that self-rated health is highly correlated with other objective measures and is a strong predictor of morbidity and mortality [START_REF] Franks | Sociodemographics, self-rated health, and mortality in the us[END_REF][START_REF] Idler | Self-rated health and mortality: a review of twenty-seven community studies[END_REF][START_REF] Mccallum | Self-rated health and survival: a 7-year follow-up study of australian elderly[END_REF][START_REF] Van Doorslaer | Does inequality in self-assessed health predict inequality in survival by income? evidence from swedish data[END_REF]. As an alternative health indicator, we use the variable "chronic disease" that equals 1 if an individual has a chronic disease and 0 otherwise.

Descriptive statistics

Table 1 provides the descriptive statistics of e-users and non-e-users. These two groups differ in terms of age and employment status. On average, the population of e-users is younger and has a higher employment rate. Moreover, we observe statistical discrepancies in terms of initial smoking behavior. In particular, the number of years of smoking and cigarettes smoked per day are higher among eusers. In addition, more e-users have tried, at least once, to quit tobacco smoking. These important differences suggest that in the absence of randomized controlled experiments, longitudinal data are needed to fully assess the effect of electronic cigarettes on tobacco smoking and health. The next section presents our empirical approach.

[INSERT TABLE 1 HERE]

3 Empirical strategy Our sample was composed of individuals who smoked regular cigarettes in 2010 (t = 0). Let D be the treatment assignment, with D = 1 if the individual was an e-user in 7 we would ideally compare the outcome Y 1 of an e-user (D = 1) with the outcome Y 0 of a non-e-user (D = 0). However, we cannot observe both sets of outcomes for the same individual. If the assignment to treatment was random, a simple difference in outcome means (Y 1 -Y 0 ) could achieve consistent estimates of the treatment effect, but that is not possible here. For example, Table 2 shows that middle-aged people and individuals who have tried to quit smoking were more likely to smoke an electronic cigarette in 2014. To reduce selection bias, one solution is to match treated and non-treated samples with the same observed characteristics X. This strategy relies on the assumption that, conditional on X, the outcomes of the treated and non-treated samples are independent of the treatment assignment (the conditional independent assumption [CIA]). This requires that all the variables simultaneously affecting D and Y can be observed. However, if the sample is not sufficiently large or if certain variables are continuous, it is impossible to find comparable individuals.

A solution proposed by [START_REF] Rosenbaum | The central role of the propensity score in observational studies for causal effects[END_REF] is matching individuals on a propensity score p(X) that reflects the probability of treatment participation. The CIA, based on the propensity score, can be written as follows:

Y 0 , Y 1 ⊥ D|p(X)
Matching on p(X) is equivalent to matching on X (propensity score theorem) if the common support assumption is satisfied:

0 < P (D = 1|X) < 1
This condition ensures that along with the set of observable characteristics X, there is a strictly positive probability of being either treated or untreated. First, we use nearest-neighbor matching (the most common method) to pair each treated individual to control for individuals with the closest propensity scores. We then test the robustness of our results to the use of alternative matching methods.

Our method combines propensity score matching (PSM) with the differencein-differences (DiD) estimator (DiD-PSM); see [START_REF] Böckerman | Unemployment and self-assessed health: evidence from panel data[END_REF], [START_REF] Ronchetti | Impact of unemployment on self-perceived health[END_REF], and [START_REF] Stuart | Using propensity scores in difference-in-differences models to estimate the effects of a policy change[END_REF] for a description of the DiD-PSM approach. Combining both methods, we minimize selection bias and remove unobserved fixed effects that are time-invariant. The DiD-PSM approach compares the change in the outcome of the treated and matched controls to estimate the

AT T DiD-P SM = 1 N D 1 i∈D 1 ∩S (Y 1 i,t+1 -Y 0 i,t - j∈D 0 ∩S w ij Y 0 j,t+1 -Y 0 j,t
where D1 (D0) represents the treatment (control) group, w ij is the nearestneighbor matching weight, and S is the area of common support.

Propensity Score Matching

We first estimate the predicted propensity score from a probit model for using electronic cigarettes. The set of explanatory variables includes observable characteristics that simultaneously influence the treatment and outcomes. All the variables are measured in 2010 (pre-treatment) and are therefore not affected by the treatment.

The covariates include demographics (age, age squared, sex, employment status, level of education, city size, marital status, and household income), smoking history (years of smoking, has ever tried to quit smoking, smokes fewer than 20 cigarettes per day), and health-related variables (poor self-rated health).

Table 2 presents the determinants of the use of electronic cigarettes. Age and variables related to pre-treatment smoking behavior appear to be the most significant factors. This underlines that in the case of a non-random treatment assignment, a longitudinal database containing information on smoking habits is needed to fully analyze the effect of electronic cigarette use.

[INSERT TABLE 2 HERE]

Common support condition

The common support condition requires that both treated and non-treated samples exist for any value of the propensity score. Figure 1 shows that, after matching, the distributions of propensity scores in the treatment and control groups overlap almost perfectly. There is almost no observations outside the region of common support.

Consequently, the common support condition is satisfied. The final sample includes 982 observations (195 matched treated and 787 matched controls).

[ INSERT FIGURE 1 HERE] 3.3 Balance of the covariates [START_REF] Rosenbaum | The bias due to incomplete matching[END_REF] suggested using standardized bias as a measure of the covariate balance. Standardized bias indicates, for each covariate, the difference between the means of the treated and matched controls as a percentage of the square root of the average of the variance in the two groups. Figure 2 shows that standardized bias in the covariate means is considerably reduced after matching, falling from up to 32% (before matching) to below 20% (after matching) for all the variables. More importantly, t-tests confirm that the covariate means are not significantly different for the matched treated and matched control groups at the 5% level (see Appendix B). Hence, PSM can successfully balance the covariates in both groups.

[INSERT FIGURE 2 HERE] 4 Robustness checks

A number of matching algorithms can be employed to adjust for the observable pre-treatment differences between the treatment and control groups. There is no clear evidence in the literature that one matching method is superior to another in any context [START_REF] Baser | Too much ado about propensity score models? comparing methods of propensity score matching[END_REF]. All algorithms trade off efficiency and bias. To test the robustness of our results to the choice of matching strategy, we estimate the ATT using three algorithms: nearest-neighbor, radius matching, and kernel weighting.

All our estimates are performed with the psmatch2 command of the Stata software (version 15), with nearest-neighbor matching. Nearest-neighbor implies that each treated individual is matched with the non-treated unit with the closest propensity score. Although the technique is widely used, there is a risk of imprecise matches if the closest neighbor is distant in terms of propensity score. To address this issue, each individual in the treatment group is matched with the control group member with the closest propensity score, subject to a certain maximum distance, called the "caliper." A potential drawback of this approach is the difficulty of defining the optimal caliper width. We follow [START_REF] Austin | Optimal caliper widths for propensity-score matching when estimating differences in means and differences in proportions in observational studies[END_REF] to determine the optimal caliper width. Lastly, under the kernel approach, all the treated subjects are matched with a weighted average of all the controls, with the weights inversely proportional to the distance between the propensity scores of the treated and controls. In this study, we use the Gaussian kernel estimator. The results converge in the same way when using epanechnikov kernel matching (results available upon request). In our study, all the algorithms result in a similar balance of the covariates. Whichever method is used, the coefficients and bootstrapped ATT standard errors are close regardless of the empirical approach.

Results

This section outlines the ATT. We first present the effects on tobacco consumption and then on health.

Effects on cigarette smoking

Table 3 investigates the therapeutic value of electronic cigarettes; specifically, it shows the impact of electronic cigarette use on the probability of tobacco smoking and daily number of regular cigarettes smoked. Whichever the outcome and matching algorithm used, the estimated ATT is negative and significant at the 5% level.

Our results show that electronic cigarette use reduces the probability of smoking tobacco by 12 percentage points and the number of cigarettes smoked per day by two units.

[INSERT TABLE 3 HERE]

Effects on health

Table 4 highlights the impact of electronic cigarette use on health. We first observe that the use of electronic cigarettes is associated with a greater probability (+12 percentage points) of reporting poor self-rated health, significant at the 5% level. We also find that e-users have a higher probability (+18 percentage points) of suffering from a chronic disease. This result clearly indicates that electronic cigarettes should not be seen as a therapeutic tool that has no adverse health effects.

[INSERT TABLE 4 HERE]

Sensitivity analysis

Our empirical strategy is based on the CIA that requires that all the variables that jointly affect the treatment assignment and outcomes are observable. We use the method presented by [START_REF] Ichino | From temporary help jobs to permanent employment: what can we learn from matching estimators and their sensitivity[END_REF], based on Monte Carlo simulations, to test the robustness of our results to specific violations of the CIA. Here, we assume that the CIA is not satisfied by the given observables (Equation 1), but would be satisfied if an additional binary variable U (Equation 2) could be observed:

Y 0 , Y 1 ⊥ D|(X, U ) (1) Y 0 , Y 1 ⊥ D|(X, U ) (2)
The distribution of the unobserved binary confounding factor U can be characterized by the following four parameters: [START_REF] Ichino | From temporary help jobs to permanent employment: what can we learn from matching estimators and their sensitivity[END_REF] defined the outcome effect Γ as the effect of U on the relative probability of a positive outcome in the absence of the treatment (Equation 3) and Λ as the effect of U on the relative probability of being assigned to the treatment (Equation 4):

p mn = P r(U = 1|D = m, Y = n) with m, n ∈ [0, 1].
Γ = P r(Y =1|D=0,U =1,X) P r(Y =0|D=0,U =1,X) P r(Y =1|D=0,U =0,X) P r(Y =0|D=0,U =0,X) (3) Λ = (P r(D=1|U =1,X) P r(D=0|U =1,X) P r(D=1|U =0,X) P r(D=0|U =0,X) (4) 
In other words, Γ > 1 (Γ < 1) means that the unobserved binary confounding factor U positively (negatively) affects the outcome variable Y and Λ > 1 (Λ < 1) means that the unobserved binary confounding factor U increases (decreases) the probability of using electronic cigarettes.

In the first step, the ATT is estimated by nearest-neighbor matching. We also perform sensitivity analyses with alternative algorithms, with similar results. In the second step, a potential binary confounder U is simulated in the data, based on the four parameters p mn . The latter parameters are selected to ensure that the distribution of U is similar to the empirical distribution of the important binary covariates.

including U among the confounders in the PSM does not change the ATT estimates.

The simulated ATTs are close to the baseline ATTs, indicating that our results are robust to specific deviations from the CIA.

Limitations

Our empirical approach has limitations that need to be discussed. First, our estimates may suffer from attrition bias if the probability of dropping out during follow-up depends on health status and smoking behavior. Several arguments can be put forward to support the validity of our results. First, the longitudinal survey used in our study was redesigned in 2010 to minimize non-response. The result is a low attrition rate. Second, the average age of daily e-users is 41.9 years and almost 85% are aged 55 or younger. Consequently, the mortality rate of e-users tends to 0 and is unlikely to significantly affect our results. Third, health and smoking behavior do not appear to be significant predictors of attrition and none of the variables used in our study are significantly associated with attrition at the 5% level. All these arguments suggest that attrition is unlikely to bias our estimates.

Another issue to which particular attention needs to be paid is the limited information on electronic cigarette use in our database. The survey only allows us to know if an individual started using electronic cigarettes between 2010 and 2014. As previously noted, there is a plethora of products available to design an electronic cigarette and the mixing possibilities for the consumer are infinite. For example, electronic cigarette devices allow for liquids with concentrations of nicotine usually ranging from 0 to 15-18 mg/mL. This can change the health consequences of their use significantly. Our study only measures an average effect and more research is needed to analyze the differentiated effects of electronic cigarettes according to their frequency of use and types of products consumed. Moreover, as noted in the Introduction, the regulation has changed in recent years. Consequently, the effect of electronic cigarettes on tobacco consumption and health may have evolved since 2014.

Finally, our investigation is limited by the sample size. The literature, both economic and medical, underlines the differentiated health effects of tobacco consumption according to sociodemographic characteristics and the same could be true for electronic cigarettes. The limited dataset does not allow us to analyze the impact of electronic cigarettes on specific diseases or population subgroups. Further research is thus needed to complement our recommendations and design targeted measures.

Conclusion

Tobacco smoking has a significant adverse impact on health. However, there has been relatively little research into the effects of electronic cigarettes. Moreover, most of this strand of the literature is based on simple correlations, and it investigates either the relation between electronic cigarette use and tobacco smoking or the link between electronic cigarette use and health. Our work sheds new light on the impact of electronic cigarettes on both tobacco smoking and health. We draw on a longitudinal French survey for 2010-2014. To the best of our knowledge, this is one of the few available longitudinal databases that investigates this question. We apply a DID-PSM approach to estimate the causal effect of electronic cigarette use on tobacco smoking and health. This strategy is robust to the selection of observables and time-invariant unobservables.

Our results suggest that baseline tobacco smokers who use electronic cigarettes are more likely to quit smoking or reduce their tobacco consumption. This first finding is in line with those of previous independent studies [START_REF] Etter | Electronic cigarettes: a survey of users[END_REF], [START_REF] Etter | Electronic cigarette: users profile, utilization, satisfaction and perceived efficacy[END_REF], [START_REF] Foulds | Commentary on etter & bullen (2011): Could cigs become the ultimate nicotine maintenance device?[END_REF], [START_REF] Polosa | Effect of an electronic nicotine delivery device (e-cigarette) on smoking reduction and cessation: a prospective 6-month pilot study[END_REF], Caponnetto et al.

[2013], [START_REF] Dawkins | vaping'profiles and preferences: an online survey of electronic cigarette users[END_REF], [START_REF] Farsalinos | Evaluating nicotine levels selection and patterns of electronic cigarette use in a group of "vapers" who had achieved complete substitution of smoking[END_REF], [START_REF] Polosa | Effectiveness and tolerability of electronic cigarette in real-life: a 24-month prospective observational study[END_REF]). However, we also find evidence of the damaging effects of electronic cigarette use on health.

Among baseline tobacco smokers, those who start using electronic cigarettes have a greater probability of reporting poor health status and a higher risk of developing a chronic disease. These results are robust to the use of alternative matching algorithms and violation of the CIA.

Our study contributes to the debate on electronic cigarette use and health. To the best of our knowledge, it is the first to address electronic cigarettes and their effects on both tobacco smoking and health. The message of our study is that policymakers should not support the use of electronic cigarettes for tobacco smokers based on the argument that electronic cigarettes help stop smoking or reduce tobacco consumption. Our findings suggest that the use of electronic cigarettes does not improve the health of tobacco smokers over the period considered. Worse still, our results suggest that electronic cigarette use may increase the probability of having poor self-rated health status or suffering from a chronic disease. More research is needed to identify the components of electronic cigarettes that are damaging to health and more regulation is required to regulate the market and ban products considered to be dangerous to consumers.

While regular and electronic cigarette legislation appears to be converging, medical studies tend to show a need for better controls of the products in the market.

Recent deaths in the United States and Belgium are a reminder of the difficulty of keeping track of the products consumed. At the same time, some consumers will continue to adopt risky behaviors (e.g., alcohol and tobacco addiction). Nevertheless, public authorities must provide clear information, and a two-pronged approach seems appropriate. First, the various known risks associated with electronic cigarettes should be made clear through efforts to raise user awareness (e.g., prevention campaigns). Second, informed consumers should be encouraged to purchase substances that are both regulated and authorized. Without these clear messages, electronic cigarette use will become a major public health issue. 

A Description of covariates and outcomes

Chronic disease

Dummy that equals 1 if an individual has a chronic disease, and 0 otherwise. 

  , and Insurance Survey (Enquête Santé et Protection Sociale [ESPS]) is representative of the French metropolitan population. Conducted by the Institute for Research and Information in Health Economics (L'Institut de Recherche et Documentation en Economie de la Santé [IRDES]) since 1988, the same respondents are interviewed every four years and data are collected on their socioeconomic status, smoking behavior, and health. The survey database also contains health data drawn from the National Health Insurance database. The sample was entirely redesigned in 2010 to minimize attrition. As electronic cigarettes were commercialized in France in late 2010, survey questions on the use of electronic cigarette were first included in 2014.

Table 1 :

 1 D Sensitivity analysis (Number of cigarettes smoked) Descriptive statistics We distinguish between those who smoked were electronic cigarette users in 2014 from those who did not (non-e-users). All variables refer to 2010 data. Household income is converted into minimum net monthly salary.1

			Outcome Selection
	ATT	SE	effect Γ	effect Λ

Table 2 :

 2 Determinants of electronic cigarette use (probit model)

	Variables	Coefficient	SE
	Age	0.0526*	0.0273
	Age squared	-0.0007** 0.0003
	Female	-0.0247	0.0981
	Employed	0.0702	0.1308
	Level of education:		
	Middle school	-0.1753	0.2097
	High school	-0.2341	0.2298
	Higher education	-0.1808	0.2336
	City size:		
	Less than 20 000 inhab.	0.0551	0.1303
	Between 20 000 and 200 000 inhab.	-0.0247	0.1445
	Between 200 000 and 2 000 000 inhab.	0.2079	0.1316
	More than 2 000 000 inhab.	-0.3058	0.2344
	Couple	0.2735	0.2016
	Size of household:		
	2	-0.2949	0.2372
	3	-0.3555	0.2536
	4	-0.2848	0.2626
	5	-0.2500	0.2863
	≥ 6	-0.4351	0.3505
	Household income (minimum wage):		
	Between 1 and 2	0.2473	0.2075
	Between 2 and 3	0.3222	0.2222
	More than 3	0.1993	0.2432
	Years of smoking	0.0077*	0.0042
	Has ever tried to quit smoking	0.2161** 0.1008
	Smokes fewer than 20 cigarettes per day	-0.2926*** 0.1114
	Poor self-rated health	0.0470	0.1089
	Constant	-1.8429*** 0.6096
	Observations	982	
	Note: All variables relate to 2010, before treatment.	
	Significance: 10% (*), 5% (**), 1% (***).		
	2		

Table 3 :

 3 Average treatment effect on the treated (cigarette smoking) Bootstrapped standard errors (10,000 replications) in parenthesis. Significance: 10% (*), 5% (**), 1% (***).

	Outcome

Table 4 :

 4 Average treatment effect on the treated (health outcomes). Bootstrapped standard errors (10,000 replications) in parenthesis. Significance: 10% (*), 5% (**), 1% (***).

	Outcome

B Balance of covariates