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 ABSTRACT 
Introduction: Within the context of the World Health Organization Framework Convention on Tobacco Control Protocol to Eliminate Illicit Trade in Tobacco Products and the impending revision of the EU directive on tobacco excise rules we assessed whether cigarettes price is linked to being offered illicit cigarettes.

Methods: We combined data being offered illicit cigarettes from the 2015 Special Eurobarometer Survey on Illicit Tobacco (N=27,672) with area-level data on Gross Domestic Product, unemployment, perceived corruption and sharing a border with a non-European Economic Area (non-EEA) state. We used the 2015 Weighted Average Price of cigarettes (WAP), which reflects the average price of a cigarette pack in each member state. We assessed associations between prices and illicit trade using 3-level ordered regression models. 

Results:  19.6% of respondents reported ever being offered illicit cigarettes, 6.4% repeatedly. In fully adjusted models WAP was not associated with being more likely to have been offered illicit market cigarettes more often (adjusted Odds Ratio=1.02, 95% Confidence Interval 0.91; 1.15). Sharing a border with a non-EEA member state was associated with increased likelihood of reporting being offered illicit cigarettes more often (1.73, 1.26;2.39). 

Conclusion: This study found no significant association between cigarette prices and reporting being offered illicit cigarettes; sharing a border with a non-EEA member state was linked to illicit trade. This study adds to evidence that increasing prices of cigarettes are not associated with illicit trade and that the focus should remain on securing supply chains, including through features such independent traceability systems. 





IMPLICATIONS

After adjusting for individual and regional factors, we did not identify an association between prices of cigarettes and likelihood of reporting being offered illicit cigarettes in the EU. Sharing a border with a non-EEA state however, was associated with increased likelihood of reporting being offered illicit cigarettes more often. This study adds to evidence that increasing taxes and prices of cigarettes are not a driver of illicit trade and that policies should maintain their focus on securing the supply chain.


BACKGROUND 
The World Health Organization (WHO) Framework Convention on Tobacco Control (FCTC) Protocol to Eliminate Illicit Trade in Tobacco Products, often called the Illicit Trade Protocol (ITP), entered into force at the end of 20181. This treaty aims to eliminate all forms of illicit tobacco, focusing mainly on the supply chain. Concurrently, the European Union (EU) is revising its Directive etermining excise duties on tobacco2, which will influence tobacco prices in EU Member States. The existing EU directive on cigarette excise taxes has two key features: a minimum excise tax burden, defined as a percentage of retail price; and an excise tax floor, measured in Euros (€) per 1000 cigarettes sold3. Despite this harmonised approach, prices still vary within the EU4 meaning that  the debate on potential associations between tobacco taxes, cross-national price differences and illicit trade of cigarettes remains topical.

The tobacco industry relies extensively on industry-commissioned evidence to support claims of a relationship between cigarette prices and illicit trade5,6. Independent research has highlighted that a focus on the supply chain is warranted and that factors such as corruption, efficiency of law enforcement, customs and border officials, and punitive severity are key factors 3,7,8. The EU is a unique area to study these issues due to its harmonised tobacco tax policy as well as evidence suggesting that cross-border purchases are common5,9-13. Some of these studies have identified that smokers in border regions are more likely to engage in cross-border purchases from neighbouring countries with lower tobacco prices11-13. Earlier studies within the EU have also highlighted that the extent of the illicit tobacco problem is higher in Member States bordering non-EU countries8. This study aims to add to the evidence base on associations between cigarette prices and illicit trade  by using data at sub-national level within all EU Member States



METHODS 
This analysis uses individual-, regional- and member state-level data from multiple sources. Individual-level data are from the 2015 Special Eurobarometer Survey,  a face-to-face survey of 27,672 individuals aged ≥15 years from all 28 EU Member States, conducted in November and December 201514. Participants were recruited using a multi-stage, random probability sampling design. In each of the 28 EU Member States, sampling units were drawn with probability proportional to population size and density. Addresses were selected systematically from each sampling unit, and one individual from each household was randomly selected to participate. The result is a sample representative of the whole EU territory in terms of age, sex and residential area.

[bookmark: _Hlk19000542]Eurobarometer  data are available at a regional level according to the Nomenclature of Territorial Units for Statistics (NUTS) classification15. The NUTS classification is a three-tiered hierarchical system for dividing the economic territory of the EU. NUTS-2 defines basic regions for the application of regional policies, whereas NUTS-1 comprises major socio-economic regions. NUTS-2 regions are nested within NUTS-1 regions, which are in turn nested within Member States. Eurobarometer data are collected by NUTS-2 regions, except for the UK and Germany whose data were recorded at the NUTS-1 level. Regional data for Gross Domestic Product (GDP) per capita - at the appropriate NUTS level- came from Eurostat 16.

The outcome was reporting being offered illicit cigarettes, assessed using the question: “Have you ever been offered black market cigarettes to buy or smoke?”. Potential responses were “No, never”; “Yes, rarely (< once a month)”; “Yes, occasionally (1-3 times per month)”; and “Yes, frequently (once per week or more)”. For descriptive purposes, these were operationalised as ever (rarely; occasionally; frequently), and repeatedly (occasionally; frequently) being offered. We used the original responses in the regression model.

The main explanatory variable was Weighted Average Price of cigarettes (WAP), which reflects the average price of a cigarette pack in each member state in Euros. We obtained WAP in 2015 for each member state from official data provided by the European Commission17. 

Individual-level socio-demographic data collected from Eurobarometer participants included age (15-24; 25-34; 35-44; 45-54; 55-64; 65-74; or 75+ years); sex (male or female); residence type (rural, town/suburb or city); age at completion of education (0-15 years; 16-19 years; 20+ years; and still studying); occupation (employed; unemployed); smoking status (non-smoker, current smoker and former smoker); and difficulty paying bills during the last year (almost never/rarely; occasionally; or most of the time).

[bookmark: _Hlk19001036]In addition, we extracted regional level unemployment rate and created a binary variable indicating regions that share a land or sea border with a non-European Economic Area (non-EEA) state. The EEA includes all EU Member States plus some high-income European countries (e.g. Norway and Iceland). This was identified by visually inspecting the Geographical Information Systems data from Eurostat. The decision to use non-EEA states, as opposed to non-EU countries was because previous research has identified low- and middle-income countries and Eastern European countries as key supply sources of illicit cigarettes8. We also used data on each Member State’s 2015 Corruption Perception Index (CPI) as a proxy of corruption and administrative capacity. The CPI index provides measures on the perceived levels of public sector corruption across the world, published by Transparency International18.

Using data collected from all individuals interviewed in the Eurobarometer survey, we used a three-level ordered (random intercept) regression model to analyse the association between cigarette price per pack (WAP) and having been offered illicit cigarettes. The three-level model accounts for clustering of individuals’ responses (first level) within regions (second level) and of regions within Member States (third level). The dependent variable was based on the question “Have you ever been offered black market cigarettes to buy or smoke?”. The response “No, never” was defined as the reference category. We used likelihood ratio tests to determine the optimal model specification which provided the best fit to the data and tested included variables for collinearity. Thus, the model also included CPI (member state level); border with a non-EEA country and GDP per capita (regional level); age, sex, residence type, age at completion of education, occupation, smoking status and difficulty paying bills (individual level). Results are presented as adjusted Odds Ratios (aOR) which express the odds ratio of reporting a higher level of exposure to black market cigarettes compared to a lower level of exposure (e.g. rarely vs. never). Survey weights were used for descriptive results as provided in the Eurobarometer data to account for the complex sampling design.

We also conducted a sensitivity analysis using affordability as our main explanatory variable. 
We calculated relative income price (RIP) as the percentage of per capita GDP required to purchase 100 packs of cigarettes of the cheapest brand, rather than median or other measures of price. Prices for the cheapest brands of cigarettes were available for each member state and were extracted from Appendix II of the 2015 WHO Report on the Global Tobacco Epidemic. These analyses used logistic regression for ever, and repeatedly being offered illicit cigarettes separately. 

RESULTS
Sample characteristics are in Supplementary Table 1. Proportions of respondents reporting ever or repeatedly being offered illicit cigarettes is in Figure 1 and Supplementary Table 2. There is wide variation in both of these outcomes within the EU, from 56.34% (Latvia) to 5.87% (Luxembourg) for ever being offered, and 23.16% (Latvia) to 1.77% (Belgium) for repeatedly being offered illicit cigarettes. Variation was also observed within Member States, especially larger states and proportions were generally higher in Eastern Europe and close to borders with non-EEA countries.19.6% (95% Confidence Interval: 18.9%; 20.4%) of participants reported ever being offered illicit cigarettes, and 6.4% (6.0%; 6.9%) repeatedly. 
After adjusting for a number of individual, regional and Member State-level factors WAP was not associated with being more likely to have been offered illicit market cigarettes more often (aOR=1.02, 95% Confidence Interval [CI] 0.91; 1.15) (Table 1). Sharing a border with a non-EEA member state was associated with reporting being offered illicit cigarettes more often (aOR=1.73, 1.26; 2.39). Males, current smokers and former smokers were also more likely to report being offered illicit cigarettes. Similarly, respondents in financial difficulty occasionally (aOR=1.19) or most of the time (aOR=1.74) were significantly more likely to respond that they had been offered illicit cigarettes more often. Results using unweighted data were very similar (Supplementary table 3).
Results using RIP for the cheapest available cigarette brands were similar, with affordability not associated with being offered illicit cigarettes, although bordering a non-EEA country was (Supplementary table 4).

DISCUSSION
After adjusting for individual and regional factors, we did not identify an association between cigarette prices and odds of being offered illicit cigarettes more often. Sharing a border with a non-EEA however, was associated with being more likely to be offered illicit cigarettes, adding to evidence that increasing prices of cigarettes is not associated with illicit trade.

This study used nationally representative data from all 28 EU Member States and examined a range of potential correlates within individuals, regions and Member States. We used two different data sources for price data as well as considering average and minimum prices, and these analyses produced similar results. Our findings are consistent with previous studies that identified that illicit trade of tobacco is a major problem in some Eastern EU Member States8. We additionally found that people in sub-national regions that share borders with non-EEA countries are more likely to have been offered illicit cigarettes. The significance of border regions has been shown before with regard to cross-border purchases within the EU11-13 and our findings further highlight these challenges.

Nonetheless, there are limitations: The design is cross sectional and so any conclusions about causality should be treated with caution. The exposure question we used referred specifically to “black market” cigarettes, rather than using the more accepted term “illicit cigarettes”, and further research may be required to disentangle these terms. Also, the exposure question did not ask about smoking or buying such products, only being offered them, which has implications for interpretation. The local context and where people spend their time may thus influence their exposure to illicit cigarettes, as it was measured in this survey. Additionally, the question does not provide any insight regarding the actual market share of illicit trade. Due to sensitivities and potential biases, getting data on this issue has been problematic in many previous studies however 19-21. 

While we used representative data from Eurobarometer, sample size in some regions was limited. We also adjusted for regional GDP, which might not fully reflect individual financial circumstances. Similarly, our definition of border regions was broad; land borders are different to maritime borders and some maritime borders are easier to cross than others; a bespoke study looking into the type of border may provide more clarity on this. We did include geographical and corruption data but were unable to assess other supply side determinants which may be relevant. Nonetheless concepts such as law enforcement, customs and border controland corruption are difficult to formally quantify and, consequently, include in  quantitative analyses. Finally, we focused on cigarettes only as no other tobacco products were assessed in the Eurobarometer survey. Although the vast majority of European tobacco users consume manufactured cigarettes22 further research on other tobacco products and their role in the illicit tobacco trade is needed23.

The industry’s emphasis on illicit trade requires a robust evidence-based response19. In combination with other findings this research highlights that higher cigarette prices are not associated with illicit trade and reiterates the ongoing need for high-quality, independent and longitudinal data on the extent and nature of illicit trade in tobacco24.  Industry documents and independent research have highlighted attempts to derail the ITP, and serve as a reminder of the need to ensure robust independent mechanisms to focus on securing the supply chain25,26.

Conclusion
This study found no significant association between higher cigarette prices and being offered illicit cigarettes, although sharing a border with a non-EEA member state was linked to this. This study adds to other evidence that it is not high prices that lead to illicit trade of cigarettes and that the ITP and the EU should maintain their focus on securing the supply chain of tobacco, including features such as a track and trace system independent of the tobacco industry.



Figure 1: Proportion of respondents reporting ever and repeatedly being offered illicit cigarettes by NUTS-2 region of the EU.

[bookmark: _Hlk19000218]Table 1: Associations of member state, regional and individual factors with being offered illicit cigarettes in the European Union 2015
	
	Multilevel ordered regression

	Characteristic
	Unadjusted OR (95% CI)
	Adjusted** OR (95% CI)

	Regional Level Data
	 
	 

	Cigarette price per pack (WAP; in Euros)
	0.93 (0.85; 1.03)
	1.02 (0.91; 1.15)

	Borders non-EEA state (No) †  
	ref
	ref

	Yes
	1.63 (1.23; 2.16)
	1.73 (1.26; 2.39)

	GDP Per Capita (per 1,000 Euros)
	0.99 (0.98; 1.00)
	0.99 (0.98; 1.00)

	Unemployment§
	1.00 (0.97; 1.03)
	1.01 (0.98; 1.04)

	Country Level Data
	 
	 

	Corruption Index*
	0.90 (0.80; 1.01)
	1.06 (0.90; 1.24)

	Individual Level Data
	 
	 

	Smoking status (never)
	ref
	ref

	Current
	8.86 (8.17; 9.60)
	7.13 (6.55; 7.76)

	Former
	4.49 (4.12; 4.90)
	4.26 (3.89; 4.66)

	Gender (Male)
	ref
	ref

	Female
	0.48 (0.45; 0.51)
	0.56 (0.52; 0.59)

	Age Group (15-24)
	ref
	ref

	25-34
	1.33 (1.17; 1.50)
	1.17 (0.99; 1.38)

	35-44
	1.16 (1.03; 1.31)
	1.06 (0.90; 1.25)

	45-54
	1.13 (1.00; 1.27)
	0.97 (0.82; 1.14)

	55-64
	0.90 (0.80; 1.01)
	0.80 (0.68; 0.95)

	65+
	0.44 (0.39; 0.50)
	0.50 (0.42; 0.59)

	Education Level (low)
	ref
	ref

	Medium
	1.61 (1.45; 1.77)
	1.17 (1.05; 1.31)

	High
	1.29 (1.16; 1.43)
	1.06 (0.94; 1.19)

	Still studying
	1.27 (1.09; 1.47)
	1.09 (0.89; 1.35)

	Employment status (in work)
	ref
	ref

	Unemployed
	1.97 (1.77; 2.18)
	1.20 (1.07; 1.35)

	Residential area (rural)
	ref
	ref

	Town
	1.03 (0.95; 1.12)
	1.04 (0.95; 1.14)

	Cities
	1.34 (1.24; 1.45)
	1.33 (1.22; 1.45)

	Difficulty paying bills‡‡ (never/rarely)
	ref
	ref

	Occasionally
	1.43 (1.33; 1.54)
	1.19 (1.09; 1.28)

	Most of the time
	2.16 (1.96; 2.39)
	1.74 (1.55; 1.94)


† Non-EEA State: A state outside of the European Economic Area.
‡ Measured in per terms of € 1,000 per inhabitant.
§ Per 10% increase of Active Population (15-74 year olds).
* Per 10 point increase in Transparency International’s Corruption Perception Index (CPI) score.
‡‡ Measured as self-reported difficulty paying bills over previous 12 months.
**Adjusted odds ratios (OR) have been adjusted for all variables in the table in a multilevel ordered regression model.
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