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ABSTRACT

Despite their implications for tobacco control, data on concurrent dual (using two tobacco products)
and poly-tobacco use (using more than two products) are relatively scarce globally. This study aimed
to estimate the prevalence of dual and poly-tobacco use among men in 19 low-and middle-income
countries (LMICs) and assess potential associations with individual and country level factors. Data from
19 LMICs were obtained from the most recent wave of the Demographic and Health Survey (DHS),
collected between 2015 and 2016 comprising 235,975 men aged 15-49 years. The prevalence of current
single, dual and poly-tobacco use were estimated using available sample weights. Mixed-effect
multilevel models were used to estimate associations of individual and country level factors with
tobacco use. Results showed that the prevalence of dual or poly-tobacco use among men was highest in
Timor Leste (27.1%), Nepal (18.3%), Lesotho (13.2%) and India (9.3%). Factors associated with dual
and poly-tobacco use were older age, low academic achievement, low income status, being divorced,
living in urban areas and high frequency of media use. Among country-level characteristics, national
wealth was not associated with dual and poly-tobacco use. Implementation of MPOWER measures was
inversely associated with single tobacco use; this was not the case for dual and poly-tobacco use.
Findings suggest that dual and poly-tobacco use are common among men especially in South-East Asian
countries. This study highlights the need for MPOWER measures to be expanded and strengthened to

address all tobacco products and explicitly consider dual and poly use.
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INTRODUCTION



Tobacco use is an important risk factor for non-communicable diseases globally. Since 2005, when the
World Health Organization Framework Convention on Tobacco Control (WHO FCTC) entered into
force, global efforts on tobacco control have been scaled up worldwide (World Health Organization,
2019b). Under the FCTC, the WHO introduced the MPOWER measures to support tobacco control
policy implementation. These contributed to the decline of smoking prevalence, especially in high
income countries (Ng et al., 2014). However, low-and middle-income countries (LMICs) which bear
the major burden of tobacco-related diseases have not been equally successful in achieving substantial
decreases in smoking prevalence (Southeast Asia Initiative on Tobacco Tax of the Southeast Asian
Tobacco Control Alliance, 2016). More than 80% of all smokers live in LMICs (Bilano et al., 2015)
with the vast majority being male (Allen et al., 2017). The tobacco industry has been targeting these
countries which may have limited capacity to counteract tobacco industry influence and implement
comprehensive tobacco control policies, thus compounding cross-country inequalities in smoking

(Thomas et al., 2008; White et al., 2009).

While manufactured cigarettes remain the most commonly used tobacco product among adults
worldwide (Ng et al., 2014), the proliferation of alternative tobacco products such as waterpipe,
smokeless tobacco and cigars opens another avenue for traditional cigarette smokers to either switch to
or smoke cigarettes in combination with other tobacco products (Hu et al., 2016). Smokers concurrently
using two (dual users) or more than two tobacco products (poly-tobacco users) have become
increasingly common in recent years (Sinha et al., 2016), a phenomenon which is more pronounced in
low-income countries (Agaku et al., 2014). In South-East-Asia, between 2006 and 2012, about 63.6%
of men were reported to be currently using at least one tobacco product, with 7.5% being dual users
(Sinha et al., 2016). An analysis of poly-tobacco use in 44 countries showed substantial regional and
socioeconomic differences in the profile of poly-tobacco users (Agaku et al., 2014). For example, males
living in South-East Asia, Western Pacific and the African regions are more likely to be poly-tobacco
users relative to Europe, with greater variability of product use observed among smokers in low-income
areas (Agaku et al., 2014; Palipudi et al., 2012). This has major implications for public health. Cigarette
smokers who use multiple tobacco products may be faced with increased health risks and nicotine
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addiction compared to exclusive cigarette smokers (National Center for Chronic Disease et al., 2014).
Therefore, it is critical that poly-tobacco use is explicitly addressed in the efforts to curb the tobacco

epidemic in LMICs.

Understanding the socio-ecological variations in multiple tobacco product use, including individual
level socio-economic factors and contextual social and cultural characteristics across countries may
provide essential information to enhance regional integration of tobacco control policies and to
strengthen their impact across and within countries. Several studies have previously examined the
sociodemographic determinants of various forms of tobacco use (Agaku et al., 2014; Hosseinpoor et
al., 2011; Palipudi et al., 2012; Sinha et al., 2016; Sreeramareddy et al., 2014) with a general focus on
developing countries. However, the prevalence and determinants of dual and poly-tobacco use are
poorly described, and there is currently a limited understanding of poly-tobacco use among smokers in
LMICs, and it is currently unclear how tobacco control measures affect the use of alternative tobacco
products especially in the context of dual and poly-tobacco product use within these regions. Therefore,
the present study aims to provide a more comprehensive view of the prevalence of tobacco use patterns
in 19 LMICs. We also aim to investigate the relationship of individual and country-level factors
associated with dual and poly-tobacco use considering the variations in social, economic conditions and

MPOWER policies across countries.

METHODS

Data source

Data from 19 LMICs from the latest available Demographic and Health Surveys (DHS) wavewere used
in this analysis. It included countries from all WHO regions: African region (n=10), American region
(n=2), South-East Asian region (n=4), European region (n=1), Eastern Mediterranean region (n=1), and
the Western Pacific region (n=1) (Supplementary Figure 1). These surveys were conducted between
2015 and 2016 by country-level research organizations and funded by the USAID. The DHS uses a
multistage stratified random sampling with Population Proportional to Size (PPS) technique, thus the
samples are nationally representative. Eligible respondents in the reproductive age group (15 to 49 years
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old) were sampled, although in some countries only married persons were selected. The selected
household members were interviewed face-to-face by trained interviewers using standard
guestionnaires, translated in appropriate local languages. Procedures were standardized across all
studied countries and strict quality control measures were employed to maintain data quality. The
methodological details and further information on DHS have been presented in official reports (Corsi
et al., 2012). We analysed a total of 234,537 male respondents aged 15 to 49 years old from 19 LMICs
(India: 15-54 years old) for which tobacco use data was available. Country level information was
accessed online from the 2017 WHO report on the global tobacco epidemic (World Health

Organization, 2017) and the World Bank (World Bank, 2019).

Measures

Tobacco product types

In DHS, tobacco products assessed in each country’s survey varied. All 19 countries collected data on
cigarettes, chewing tobacco, snuff and pipes (except for Myanmar). Other products assessed include
cigars (12 countries excluding Cambodia, Kenya, Zimbabwe, Lesotho, Ghana, Guatemala,
Afghanistan); gutkha/paan masala with tobacco, khaini and bidis in India; betel quid with tobacco in
Nepal, Timor Leste, Tanzania and Burundi; kreteks in Timor Leste, Tanzania and Burundi; water pipes
(hookah) in 10 countries (excluding Cambodia, Myanmar, Timor Leste, Zimbabwe, Lesotho, Ghana,

Angola, Guatemala and Afghanistan).

Current dual and poly-tobacco use

Pattern of tobacco use is the main outcome variable of the study. Respondents were first asked: “do you
currently smoke or use any other type of tobacco?”. Those who responded “yes” to this question were
defined as current tobacco users, whereas those who reported “no” to this question were identified as
non-tobacco users. Individuals who responded positively to this question were then asked to select from
a list the type(s) of tobacco products that they currently smoke or use. Individuals currently using two

different tobacco products were deemed dual tobacco users, while poly-tobacco users were defined as



concurrently using three or more tobacco products at the time of the survey. In contrast, single tobacco

users were those who reported currently using only one tobacco product.

Covariates

Independent predictor variables included individual and country level characteristics. Individual level
factors included age (continuous variable), education level (no education, primary, secondary, higher),
marital status (never married, partnered [married or living with partner], widowed, divorced [separated
or no longer living together]), residential area (urban or rural), occupation (not working, professional,
service, agriculture, household and manual worker), wealth index (divided into quintiles from 1 [lowest]

to 5 [highest]), and media use (dichotomised as low or high frequency media use).

The household wealth index was constructed by the DHS team separately for each country. The wealth
index was determined according to the household asset score, indicating ownership of a variety of
household items and facilities. Within each country, the respondents were ranked according to the score
of the household in which they were interviewed and the sample score was then divided into quintiles

from one (lowest) to five (highest) reflecting their household wealth status (Rutstein and Johnson, 2004).

Media use has been identified as an important determinant of tobacco use (Bhaumik et al., 2015; Lovato
etal., 2011). Four variables assessing frequency of mass media use were examined, including whether
or not the respondents read newspapers/magazines, watched television, listened to the radio and used
the internet for at least once a week. (1 [less than once a week; 2 [at least once a week]). An additive
score of the frequencies of all four types of media used was calculated and subsequently recoded into a
binary variable indicating low (scoring from 1 to 4) and high (scoring from 5 to 8) frequency of media

use.

At the country level, indicators of national wealth and components of the MPOWER score were
included. The MPOWER is a set of six cost-effective and high impact measures suggested by WHO in
accordance with the FCTC, to assist countries in reducing the demand for tobacco products at country
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level (World Health Organization, 2019a). Data were extracted from the 2017 WHO report on the global
tobacco epidemic (World Health Organization, 2017) to correspond to the surveyed countries and years.
The MPOWER score was the number of the MPOWER key components implemented at the highest
level in each country, ranging from 0 (none at the highest level) to 6 (all measures implemented at the
highest level). National wealth data was obtained from the World Bank database (World Bank, 2019).
The purchasing power parity (PPP) of a country indicates GDP per capita measured in international
dollars and adjusted for costs and inflation. PPP per thousand dollars of each country corresponding to

the survey year was used in the analysis.

Statistical analysis

Data were weighted according to the cluster sampling design of the surveys using strata and primary
sampling unit at the country level to allow the sample to be nationally representative (Lavrakas, 2008).
We used the “svyset” and “svy” commands in Stata 13.0 (StataCorp LP.,TX) to account for the complex
multistage sampling design of the DHS. Weighted estimates of prevalence of single, dual and poly-

tobacco use for each country together with 95% confidence intervals (CI) were calculated.

Due to the hierarchical design of the data, multilevel models for categorical responses were used to
estimate the factors associated with different use patterns (non-smokers, single, dual, poly-tobacco
users) at the individual (level 1) and country level (level 2). Age, education, marital status, occupation,
residential area, wealth index, and media use were the level 1 variables; national wealth and MPOWER
score were the level 2 variables. All multilevel regression models were fitted by the Bayesian Markov
Chain Monte Carlo (MCMC) estimation method to produce less-biased estimates for multivariate
nominal models (Browne, 2019) using the runwlwin command to fit multilevel models in MLwiN
software from within Stata (Leckie and Charlton, 2013). The MLwiN 3.04 (Charlton et al., 2019) is a
software package specialized for fitting multilevel models. To quantify the cross-country variation in
different tobacco use patterns, the intra-class correlation coefficients (ICC) were calculated to indicate
the variance at the country level as a percentage of the total variance (Merlo et al., 2006). Multilevel
analyses were constructed through a stepwise approach. Firstly, we estimated an intercept-only model
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(model 1) to identify the ICC, then a country level model (model 2) and an individual level model
(model 3) to examine separately the single level effect of individual and contextual factors on tobacco
use patterns. Lastly, we fitted a multilevel regression model adjusted for all variables (integrated
model). In model comparison, we compared the Bayesian deviance information criterion (DIC) values
and favoured the model with lowest DIC. For all the models, both age and age squared were included
to allow for a non-linear association between age and the respective outcome. Given the large sample
size of the Indian survey in relation to the other countries, we carried out a sensitivity analysis excluding

Indian data.

Following a reviewer’s request, additional multilevel models were fitted to examine the association
between MPOWER measures and two types of dual or poly-tobacco use: dual or poly-tobacco use
including cigarettes; and dual or poly-tobacco use of non-cigarette products only. Both models were

adjusted for the same set of independent variables mentioned above.

RESULTS

Prevalence of Single, Dual and Poly-Tobacco Use

Among all tobacco products, cigarettes were the most popular in all countries (Table 1). The overall
prevalence of current cigarette smoking among men (including both exclusive cigarette users and dual
or poly-users who smoked cigarettes) was highest in Armenia (59.4%), Lesotho (41.3%) and most
South-East Asian countries. Prevalence of other smoked tobacco products (i.e. pipes, cigars, waterpipes,
bidis and kretek) was highest in South-East Asian, European and Eastern Mediterranean countries in
contrast to African countries where prevalence was relatively low. Highest overall prevalence of current
pipe use was 6.1% in Lesotho; cigar use was highest in Myanmar at 14.3%; waterpipe use in Armenia
at 1.4%: bidi use in India at 14.3% and kretek use in Timor Leste at 23.1%. Smokeless tobacco use
(chew, snuff, betel quid with tobacco) among men ranged from nearly no users in Armenia and African
countries to substantial prevalence in Asian countries such as Afghanistan (17.7% chew, 14.2% snuff),
Nepal (25.8% chew, 16% betel quid), Timor Leste (2% chew, 7.9% betel quid) and India (2.3% chew,
14.9% gutkha and 12.4% khaini). All these estimates include exclusive as well as dual or poly users.
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The prevalence of current dual or poly-tobacco use among men varied widely. It was highest in the
South-East Asian (15.2%), Eastern Mediterranean (7.1%) and the Western Pacific regions (4.1%). In
contrast, it was generally low in the African region (2.2%) and Central America (0.7%). Individual
countries reporting the highest prevalence of poly-tobacco use were Timor Leste (6.3%), Nepal (3.2%),

and India (1.9%) (Figure 1).

Factors Associated With Dual and Poly-Tobacco Use

Table 2 presents the results of the integrated multilevel regression model of different tobacco use
patterns among male adults in 19 LMICs. The intermediate steps of the multilevel regression model
(model 1 to 3) are shown in Supplementary Table 1. The intercept only model indicates a strong degree
of country-level variance in single, dual and poly-tobacco use, with high ICC values, meaning the
multilevel approach is warranted. The low DIC together with the decreased ICC of the full regression
model which integrates both individual and country level factors, shown in Table 2, indicates balanced
goodness of fit and model complexity.. Controlling for both country and individual level covariates,

higher education (Relative Risk Ratio [RRR]=0.55; 95%ClI: 0.46-0.66), household wealth (RRR=0.16;

95%Cl: 0.14-0.19) and living in rural areas (RRR=0.78; 95%CI: 0.71-0.85) were associated with lower
risk ratios of poly-tobacco use compared to no tobacco use,. Conversely, divorced men (RRR=2.29;
95%Cl: 1.61-3.15), manual (RRR=2.42; 95%ClI: 2.11-2.79) and service workers (RRR=2.34; 95%ClI:
2.01-2.70) and those reporting high frequency of media use (RRR=1.39; 95%ClI: 1.22-1.58) showed
higher risk ratios of being poly-tobacco users in comparison to non-users. The direction and magnitude
of association were fairly similar for dual and single tobacco users in comparison to non-tobacco users

as well.

At the country level, higher national wealth does not seem to be associated with higher relative risk of
being a dual or poly-tobacco product user in comparison to being a non-user. Implementation of more
MPOWER policies at the highest level was inversely associated with single use (RRR=0.74; 95%CI:

0.72-0.77), but positively associated with dual and poly-tobacco use, compared to use of no tobacco



products. In sensitivity analyses excluding Indian data, similar findings were observed in relative risks
for MPOWER policies and individual level variables. Our additional analysis by type of dual/poly-
tobacco use found no association between MPOWER implementation and dual or poly-tobacco use
including cigarettes (RRR=1.01; 95%CI: 0.99-1.03). However, a positive association was identified for

dual or poly-tobacco use of exclusively non-cigarette products (RRR=1.21; 95%Cl: 1.20-1.22).

DISCUSSION

Our analysis found that there is substantial variation in dual and poly-tobacco use among men between
LMICs. We also found associations of sociodemographic factors, as well as tobacco control policies,
with patterns of tobacco use. This study builds on previous studies by providing a more detailed and
comprehensive view of the prevalence of dual and poly-tobacco use among the male population in 19
LMICs and examine the socio-demographic determinants of different tobacco use patterns (i.e., single
product use, dual tobacco use, poly-tobacco product use) among smokers in different countries and
economic contexts, which few studies have examined (Agaku et al., 2014; Palipudi et al., 2012; Sinha

etal., 2016).

We identified patterns which highlight regional differences in use of tobacco products and these results
were partially similar with previous findings (Allen etal., 2017; Sinha et al., 2016). Although cigarettes
were the most common type of tobacco used, the prevalence of cigarette smoking varied widely with
all assessed countries in South-East Asia, Europe and the Eastern Mediterranean region ranging from
one-third to two-thirds of men. Other products, such as different types of smokeless tobacco and
products such as gutkha/paan masala with tobacco and khaini were very prominent among males in
South Asia, in line with earlier studies (Allen et al., 2017; Zaman et al., 2014). These persisting regional
patterns were also observed for dual and poly-tobacco suggesting a close link between a diversified
tobacco market and high prevalence of dual and poly-tobacco use, as is the case in South East Asia
(Agaku et al., 2014; Hosseinpoor et al., 2011; Palipudi et al., 2012; Sinha et al., 2016; Sreeramareddy
etal., 2014). Our analysis did not investigate whether this is associated with either the availability or/and
affordability of alternative tobacco products, but this is an important question for subsequent research.
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Multilevel regression accounting for individual and country level factors indicated significant country-
level variance in single, dual and poly-tobacco use which highlights the differences between countries.
Results revealed that there was no association between national wealth and different tobacco use
patterns which may indirectly suggest that the prevalence of dual and poly use also depends on non-
economic factors, such as social and cultural characteristics that may influence the popularity of tobacco
products. However, the current study did not include high-income countries, which would have

provided more variability in national income and smoking prevalence.

In addition, we found that implementation of more MPOWER policies at the highest level was
negatively associated with single tobacco product use, predominantly of manufactured cigarettes,
among males in the LMICs assessed. This is to be expected, as MPOWER measures have been shown
to reduce cigarette consumption (Dubray et al., 2015; Ngo et al., 2017). However, MPOWER measures
were also positively associated with higher RRR of dual and poly-tobacco use compared to non-use.
Although this seems counter-intuitive, differences in the legislative restrictions on manufactured
cigarettes (mainly stricter) in contrast to other non-cigarette products may partly explain this. This
assumption is also supported by the fact that MPOWER score was positively associated with dual or
poly-tobacco use of non-cigarette products. Recent studies have identified gaps in regulatory policies

between non-cigarette tobacco products and cigarettes (Siddigi et al., 2017; Zaatari and Bazzi, 2019).

Such gaps extend to taxation, warning labels, advertising bans, prohibition on flavours (Ngo et al.,
2017) as well as cessation programmes (Siddigi et al., 2017) and health messages that communicate
comparative risks (Liu et al., 2015). These key measures may be very effective in reducing cigarette
smoking at the population level (Dubray et al., 2015; Ngo et al., 2017), but should be strengthened to

address all tobacco products.

Dual and poly-tobacco use may reflect price minimization strategies, especially among those of lower

socio-economic status, or as means to circumvent existing laws on public smoking bans (Fu et al., 2014;
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McClave-Regan and Berkowitz, 2011). Additionally, they might elevate health risks for individuals
who use multiple tobacco products and prevent them from successfully quitting tobacco use (National
Center for Chronic Disease et al., 2014). Our findings indicate that men in LMICs, particularly in South
Asia, seem to face this double burden. Importantly, this burden is higher among those in the poorest
and less educated parts of society, thus perpetuating health inequalities within countries. Therefore,
tobacco control efforts need to target alternative tobacco products in the context of dual and poly-
tobacco use within LMICs. So far, MPOWER policies have been poorly applied to non-cigarette
tobacco products in many countries and our findings highlight potential consequences of this (Zaatari

and Bazzi, 2019).

Strengths and limitations

To the authors’ knowledge, this is one of the first studies that utilizes multilevel methodology to
examine the relationship of individual and country-level factors with use of multiple tobacco products
among men in LMICs. Our results might not fully reflect the situation in these countries at the time of
publication due to the rapidly changing landscape and the introduction of new tobacco and nicotine
products since the data were collected. However, we analyzed the most recent data available with large,
nationally representative samples from 19 countries in the DHS datasets which increases our confidence
that our findings reflect true associations in these countries. Although this may not fully apply to all
LMICs, this is an adequate number of countries to produce unbiased estimates using the multilevel
model (Paccagnella, 2011). However, several limitations should be noted. The analysis is limited by
the fact that tobacco use was based on self-reported surveys. Furthermore, the availability of data on
frequency of use varied widely across the 19 countries surveyed; data were available on some of the
countries and for some of the products. Thus, we were not able to incorporate frequency data in our
analysis.. Although questionnaires did not include all tobacco products in all countries, we assumed that
all popular products were assessed in each country. Nevertheless, new emerging tobacco and nicotine
products such as heated tobacco and e-cigarettes might complicate the tobacco market in LMICs in
coming years. These were not surveyed and assessed here, presumably due to very low prevalence, but
may need to be considered in future surveys. In the current study, we analyzed only male respondents.
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Although this excludes the female population, it is mostly men who smoke in the countries we examined
(Agaku et al., 2014; Allen et al., 2017; Sinha et al., 2016). We used simplified measures for media
exposure as well as for MPOWER policies, which may not fully capture the effects of specific tobacco
control policies on dual and poly-tobacco use. Lastly, due to the analytical approach and the nature of
the data, we were unable to identify causal associations; we were not able to study transitions from
single to dual and poly-tobacco use and vice versa. Further studies should use longitudinal data to

capture temporality and causal relationships.

Conclusion

In conclusion, this study underlines the importance of considering the role of alternative tobacco
products in LMICs. Our findings highlight the need to strengthen tobacco control policies and
interventions in LMICs with particular focus on regulating non-cigarette products which contribute to

higher prevalence of dual and poly-tobacco use.
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Figure 1. Prevalence of different use patterns among male adults in 19 LMICs.
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Table 1. Weighted prevalence of current tobacco use among male adults by different products and use patterns in 19 countries.

Prevalence of tobacco use (%) and 95% confidence interval

%

Number of % water
Year of male % % % % % betel quid pipe % % % % %
Country survey respondent cigarette pipe cigar chew snuff w/ tobacco  (hookah) kreteks others Single 2 Dual ° Poly®
: 31.85 0.05 193 301 0.04 28.55 2.08 0.05
Cambodia 2014/15 5,190 30.21-3352  0.01-0.32 - 142261  25-361 - - - 0.01-0.23 26.97-30.19  3.42-4.86 0.01-0.2
: 13.68 0.19 048 233 0.09 0.64 0.46 29.53 7.59 187
India * 201516 112122 43551412 015024 041056 214255  0.06-0.12 - 056-072 0.4-0.52 20.03-30.04  7.32-7.87 1.75-1.99
31.74 14.34 1.21 0.94 0.08 34.04 6.48 0.42
Myanmar 2015/16 4737 99.86.33.69 - 1291591  081-18  0.62-141 - - - 0.03-0.22 32283584  5.68-7.39 0.25-0.72
Neoal 2016 4063 16.39 143 0.19 25.75 2.04 16.04 1.28 B 0.68 25.02 14.17 3.22
P ’ 14-17.42 1204 008046  236-2802 132271 1432:17.93 0.88-1.86 0.26-1.75 231-27.03 12631588  2.61-3.97
: 36.67 1.04 2.62 2.01 7.92 23.14 167 12.32 20.79 6.26
Timor-Leste 2016 4,622 33.03-37.6  07-155  1.87-368  1.43-2.82 - 6.79-9.22 - 20.6-25.89 1-2.75 011-0.14  1864-2312  5.16-7.58
Ethiopia 2016 1,683 334 0.05 0.08 0.17 0.45 = 0.05 - 0.01 3.56 0.18 0.07
p : 26398  002-014 005014 00903  0.16-0.58 0.02-0.13 0-0.04 2.93-4.33 0.1-0.32 0.03-0.18
Kenya 2014 12819 16.59 0.17 - 0.89 1.28 B 0.29 B 0.75 16.91 14 0.07
: 15.6-17.62  0.11-0.26 071-1.12  1.04-158 0.15-0.57 0.52-1.07 15.94.17.92 111175 0.04-0.15
: 11.05 0.06 0.06 171 0.05 0.03 0.29 052 10.6 1.07 0.31
Tanzania 2015/16 3514 9741252  0.01-0.22 - 0.01-0.26 12723 001-038 0022  0.15-0.57 0.22-1.2 9.20-12.06  0.77-1.49 0.12-0.79
. 125 0.31 0.01 0.45 0.96 11.84 11 0.06
Zimbabwe 2015 8,3% 11.6-13.44  0.19-0.49 - 0-0.05 0.32-0.65 - - - 0.73-1.25 111273 0.85-1.4 0.02-0.18
, 8.96 0.08 0.14 0.22 0.16 0.6 8 0.76 0.11
Malawi 2015/16 1418 786:9.61 004018  0.06-0.34 - 0.13-0.36 - 006038 0.35-1.06 7.23-8.85 0.47-1.21 0.04-03
41.34 6.13 117 0.72 6.3 29.1 12.94 0.23
Lesotho 2014 2,931 39.18-4353  5.04-7.44 - 082-167  047-1.1 - - - 5.25.7.54 26.93-31.36  11.37-14.69  0.11-0.49
: 1065 0.06 0.03 0.04 0.03 0.12 0.07 10.47 0.27 0
Burundi 2016/17 7,552 9.81-1156 002-016  0.01-0.11 - 0.01-0.1 - 001-0.13  0.06-0.25 0.03-0.16 9.63-1137  0.16-0.44 0-0
478 0.54 0.34 0.94 0.64 5.56 0.9 0.03
Ghana 2014 4,388 407-562  0.29-0.98 - 019-062  0.65-1.37 - - - 0.35-1.17 4.62-62 0.56-1.44 0-0.23
Uganda 2016 5336 7.48 0.48 018 0.1 0.73 _ 022 _ 0.14 72 0.92 0.09
' 6.61-844 019-125 008041 006019  05-1.05 0.08-0.56 0.06-0.34 6.43.8.05 0.56-1.5 0.02-0.31
15.05 0.07 0.01 0.48 244 0.03 15.1 1.19 0.2
Angola 2015/16 5,684 13451603 0.02-024  0-0.05 0.23-1 1.85-3.21 - - - 0.01-0.14 1389-1641  0.84-1.68 0.06-0.72
21.47 0.04 0.03 0.15 0.06 2131 0.2 0.01
Guatemala 2014/15 11145 503222266  0.01-0.11 - 001-007  0.08-0.26 - - - 0.03-0.15 2017-225 012032 0-0.04
Haiti 201617 11886 76 0.36 0.42 0.04 223 _ 0.07 _ 0.45 8.59 1.01 0.17
: 691:834 024053 029061 002009 183272 0.03-0.15 0.3-0.66 7.82-9.42 0.8-1.27 0.09-0.31
Armenia 2015 » 755 59.41 0.03 157 B 0.07 _ 139 _ 0.05 57.01 1.69 071
' 57.05-61.73  0-023  1.09-2.28 0.02-0.29 0.94-2.06 0.01-0.33 54.64-59.35  1.21-2.36 0.39-1.28
. 21.04 1.49 17.69 14.24 0.23 41.04 6.72 0.36
Afghanistan  2015/16 10760 50539341 101218 15.95-19.57  11.96-16.89 — — — 0.14-0.39 38.93-43.19  561-8.01 0.13-1.01

Note:

* India: % for gutkha/paan masala w/ tobacco = 14.92 (14.5-15.35); % for khaini (snus): 12.36 (11.99-12.75); % for bidis: 14.31 (13.93-14.70).
— indicates product not surveyed in corresponding country.

a Single tobacco use: individuals currently using only one tobacco product.

b Dual tobacco use: : individuals concurrently using two different tobacco products.

¢ Poly tobacco use: individuals concurrently using three or more tobacco products.



Table 2. Multilevel regression of tobacco use patterns among male adults (N=234,537) in 19 Low-and Middle-income Countries (Base Category: Non-Tobacco Use).

Relafive risk ratio (RRR) with 95% confidence interval

Integrated model

Single Use Dual Use Poly Use
I tleethﬁECts 0.00 0.00 0.00
nterce A . A
Nt p| Wealthe (0.00-0.01) (0.00-0.01) (0.00-0.01)
ationa ea A . .
MPOWER® 0957417 08342 O 5447
A (0.72™-0.77) (1.16 - 1.69) (1.16'- 1.91)
e . . .
Ag ; (1.116610.18) (1'21061024) (1'21461031)
e-square A . A
g q_ (1.00-1.00) (1.00-1.00) (1.00-1.00)
Edgc_atlon (ref. no school) 0.95 0.95 114
rima . . .
s ;y (0.93-0.99) (0.90-1.01) (1.02-1.28)
econdal . . R
o i (0.706-5%82) (0.761:%83) (0.7&05.95)
Igher . . .
_g ) (0.56-0.62) (0.48-0.57) (0.46-0.66)
Marital status (ref. never married) 111 100 0.1
Partnered (1.07-1.15) (0.914'-316.06) (0.81-1,02)
Widowed (1'3561171) (1.%'18-%.65) (0.921-21986)
Divorced _ (2.41-2.82) (2.45-3.29) (1.61-3.15)
Occupation (ref. not working) 129 137 147
Professional (1.23-1.37) (1.213';313.52) (1.126-31483)
Service (1.5&19.70) (1'1%'397) (2.2'18-%.7)
Agriculture (1.5133%66) (1.53-1.74) (1.518-722.09)
Household (1.1%.610) (1.62£§b%85) (0'584{2'3)
Manual o (1.79-1.94) (1.95-2.22) (2.11-2.79)
Wealth index (ref. 1st quintile) 0.79 0.79 0.6
d . . B
2 (0.77-0.82) (0.75-0.84) (0.60-0.73)
3rd 0.66 0.57 .
(0.64-0.69) (0.54-0.60) (0.41-0.51)
4t 0.55 0.44 0.3
(0.53-0.57) (0.312-53).46) (0.26-0.33)
h . . .
o _ (0.40-0.43) (0.26:0.30) (0.14:0.19)
P'I?ace ?f residence (ref. urban) 0.86 078 0.78
ura . . .
_ (0.83-0.88) (0.75-0.82) (0.71-0.85)
M?_dla Use (ref. no use) 108 130 135
OW use A . R
] (1.04-1.12) (1.24-1.40) (1.19-1.51)
High use 1. 1.2 1.
(0.96-1.04) (1.21-1.38) (1.22-1.58)
Random effects
Country-level variance
(Gjance 0.96 2.83 5.08
(0:34) (1.04) (1.90)
ICC (%) 22.66 46.66 60.69

DIC 337264.37




Note 1: Non-tobacco use as the base category, reported in Relative Risk Ratio, RRR.

Note 2: The low DIC together with the decreased ICC in the model indicates balanced goodness of fit and model complexity.
ICC: intra-class correlation coefficients; DIC: Bayesian deviance information criterion

a National Wealth: purchasing power parity (PPP) / thousands § .

b MPOWER: numbers of the MPOWER measures implemented to the highest level.



Supplementary Table 1. The Intermediate Steps of the Multilevel Regression Model (Base Category: Non-Tobacco Use).

Relative risk ratio (RRR) with 95% confidence interval

Model 1 (intercept only model) Model 2 (country Tevel model) Model 3 (individual Tevel model)
Single Use Dual Use Poly Use Single Use Dual Use Poly Use Single Use Dual Use Poly Use
Fixed effects
Intercept 0.25 0.04 0.00 0.08 0.00 0.00 0.01 0.00 0.00
(0.22-0.29) (0.03-0.06) (0.00-0.01) (0.0-0.013) (0.00-0.01) (0.00-0.00) (0.01-0.01) (0.00-0.01) (0.00-0.01)
National Wealth? 1.22 1.35 1.62
(1.01-1.34)  (1.21-151)  (1.19-2.20)
MPOWER® . . .
A (0.88-1.05) (1.19-1.59) (1.25-1.92) 117 122 127
e . . .
9 (1.16-1.18) (1.2-1.24) (1.24-1.30)
Age-squared . 1.00 .
_ (1.00-1.00) (1.00-1.00) (1.00-1.00)
Edll:Jc_atlon (ref. no school) 0.95 0.95 114
rima . . .
i (0.93-1.00) (0.9-1.02) (1.02-1.28)
Secondary 0.79 0.78 .
. (0.76-0.82) (0.74-0.83) (0.76-0.95)
Higher 0.59 0.52 .
) ) (0.56-0.62) (0.48-0.57) (0.46-0.66)
Marital status (ref. never married) 111 1 0.1
Partnered (1.017'-12.14) (095:1.06) (0.811'-314.02)
Widowed (1.35-1.71) (1.13-163)  (0.9°1.86)
Divorced 2.60 2.86 2.27
- _ (2.40-2.80) (2.48-3.28) (1.60-3.14)
Occupation (ref. not working) 129 137 145
Professional (1.212'-1.37) (1.214é14.51) (1.125-12.80)
Service (1.56-1.70) (17-197)  (2.01-2.68)
Agriculture (1.53-1.66) (153-174)  (158-2.07)
Household 1 2.2 11
(1.70-2.11) (1.71-2.88) (0.;-2.255)
Manual o (1.79-1.94) (1.952.23)  (2.12-2.76)
Wealth index (ref. 1st quintile) 0.79 0.79 0.6
nd . . B
2 (0.77-0.82) (0.75-07.84) (0.6-2.73)
rd . . K
3 (0.64-0.69) (0.54-061)  (0.41-0.51)
4th 0.55 0.44 .
(0.53-0.58) (0.41-0.47) (0.26-0.33)
5th 0.42 0.28 0.16
) (0.4-0.43) (0.26-0.30) (0.14-0.19)
PllQace ll)f residence (ref. urban)
ura

0.86 0.78 0.78
_ (0.83-0.88) (0.75-0.82) (0.71-0.85)
Media Use (ref. no use)
Low use 1.08 1.32 1.34
(1.04-1.12) (1.24-1.40) (1.2-1.51)
1.00 1.29 1.40

High use . . .
g (0.96-1.04) (1.21-1.38) (1.22-1.58)

Random effects
Country-level variance

(G jance 4,01 33 5.57 114 2.49 3.22 132 2.89 5.11
(22) (122) (321) (0.45) (0.93) (139) (053) 102) (189)
ICC (%) 54.92 50.04 62.85 25.8 43.9 495 28.71 46.73 60.82

DIC 357976.78 357974.36 337262.21




Note 1: Non-tobacco use as the base category, reported in Relative Risk Ratio, RRR.

Note 2: The low DIC together with the decreased ICC in the model indicates balanced goodness of fit and model complexity.
ICC: intra-class correlation coefficients; DIC: Bayesian deviance information criterion

a National Wealth: purchasing power parity (PPP) / thousands § .

b MPOWER: numbers of the MPOWER measures implemented to the highest level.



Supplementary Figure 1. Map of countries included (N=19)
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