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ABSTRACT
Smoking is the leading risk factor for many chronic diseases. The quantitative 
analysis of potential health gains from reduced smoking is important for 
establishing priorities in Mongolia’s health policy. This study quantifies 
the effect of tobacco-tax increases on future smoking prevalence and the 
associated smoking-related burden of disease in Mongolia. 
The dynamic model for health impact assessment (DYNAMO-HIA) tool was 
used. The most recent data were used as input for evaluating tobacco-taxation 
scenarios. Demographic data were taken from the Mongolian Statistical 
Information Services. Smoking data came from a representative population-
based STEPS survey, and smoking-related disease data were obtained from the 
health-information database of Mongolia’s National Health Center. Simulation 
was used to evaluate various levels of one-time price increases on tobacco 
products (25% and 75%) in Mongolia. Conservative interpretation suggests 
that the population will eventually adjust to the higher tobacco price and 
return to baseline smoking behaviors. 
Over a three-year period, smoking prevalence was reduced by 1.2% points, 
corresponding to almost 40 thousand smokers at the population level for a 
price increase of 75%, compared to the reference scenario. Projected health 
benefits of this scenario suggest that more than 137 thousand quality of 
life years would be gained by avoiding smoking-related diseases within a 
population of three million over a 30-year period.

Prevention through effective tobacco-control policy could yield considerable 
gains in population health in Mongolia. Compared to current policy, tax 
increases must be higher to have a significant effect on population health. 

Tobacco taxation is an effective policy for reducing the harm of tobacco 
smoking, while benefiting population health in countries where the tobacco 
epidemic is still in an early stage. Smoking prevalence and smoking behaviors 
in these countries differ from those in Western countries. Reducing the uptake 
of smoking among young people could be a particularly worthwhile benefit 
of tobacco-tax increases. 
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INTRODUCTION 
Globally, tobacco accounts for over 7.2 million deaths every year. Currently, 
around 80% of the world’s smokers live in low-middle-income countries 
(i.e., the growth market for tobacco companies). Despite the proposal and 
implementation of a range of tobacco-control interventions aimed at reducing 
tobacco consumption in these countries, the tobacco-related disease burden 
remains high. (1-2)  
 Tobacco taxation is regarded as the most effective intervention for 
reducing tobacco use, relative to other interventions.(3-4) Increases in tobacco 
taxes typically lead to increases in the price of cigarettes.(5) As a result, 
cigarette consumption decreases. A 10% increase in the price of tobacco 
decreases tobacco consumption by about 4% in high-income countries (HICs) 
and about 8% in low-middle income countries (LMICs). (6-7) Although price 
and tax measures are effective means of reducing the demand for tobacco, 
tobacco-tax levels differ widely across countries. 
 Tobacco taxes are very low in many LMICs. The World Health Organization 
recommends that excise tobacco taxes should account for at least 70% of 
the retail price for tobacco products. 1 Previous evidence has shown that, on 
average, excise taxes amount to about 40% of the retail price for a pack of 
cigarettes in LMICs—much lower than the average rate in HICs (67%). (8) 
 Mongolia is an example of a LMIC with a high rate of tobacco smoking. 
The prevalence of smoking has not changed in the past decade, with 27% of 
people 15 years of age and older being smokers. In terms of gender, almost 
one in every two men smoke. (9) The country’s population of approximately 
3.2 million is relatively young, with about 60% being younger than 35 years of 
age.(10) Although the average life expectancy has increased recently (70 years 
in 2018), men live almost nine years shorter than women do: 67 years versus 
76 years. (11) 
 The Mongolian government has implemented a comprehensive 
national tobacco-control program aimed at reducing smoking prevalence 
from 27% in 2013 to 22% by 2021. (12) This program calls for increasing the 
level of excise taxes in the retail price of cigarettes from 25% in 2017 to at least 
60% by 2021. As a first step, the excise-tax law was adjusted to increase excise 
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taxes on tobacco by 10% in 2018, followed by two annual increases of 5%. This 
policy resulted in a price increase of MNT 77 (USD 0.03) per pack of cigarettes 
in 2018. In that year, the average price of a pack of cigarettes was USD 2.77, 
with excise taxes accounting for about 38% of the total retail price. (13) 
 Previous studies have shown that excise-tax increases can lead to 
significant reductions in smoking prevalence and smoking-related disease 
burden.(14-15) It is important to note, however, that most modeling studies 
apply a static modeling approach based on the conservative assumption that 
half of all current smokers will eventually die from smoking-related diseases. 
These static models thus do not reflect increased morbidity. They also fail 
to discount intervention effects over time. In contrast, a dynamic modeling 
approach tracks the reduction of smoking prevalence over time, based on 
changes in demographic patterns and smoking behavior over time. (16,17)  
Several previously published simulation models allow such a dynamic 
modeling approach.(18) Within the context of Mongolia, as in other Asian 
countries, meaningful application requires a model-based evaluation that 
properly reflects local smoking-behavior patterns, particularly with regard to 
tracking differences between men and women. 
 Increases in tobacco taxes are expected to reduce the smoking-related 
burden of disease. To estimate this effect, studies have included different 
parameters from different data sources. The combination of data sources is 
likely to introduce bias, due to a lack of local data sources.(19) Previous studies 
in LMICs have been based on the relative risk of smoking in HICs, thus possibly 
confounding the true effects of interventions. Reliable epidemiological data 
are therefore needed in order to reflect Asian countries, in which the history of 
smoking is shorter than it is in Western countries.(20,21)
 The current study aims to provide evidence that policymakers can use 
to support local tobacco-control policies. It evaluates the effects of a one-
time tobacco-tax increase on future smoking prevalence, as well as on the 
smoking-related burden of disease in Mongolia, based on a dynamic health 
impact model.  
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METHODS

The DYNAMO-HIA tool, a population-based public health model with a state-
transition structure, was used to project the future level of smoking prevalence 
associated with various tax-increase scenarios and to simulate smoking-
related disease burden over time. (22,23 )

 The model was populated with factual local input data, in order to 
provide a proper reflection of the situation in Mongolia for the case year, 2018.
 The conceptual framework of the model is presented in Figure 1. Overall, 
the model combines three sets of input parameters: demographic data, 
smoking-prevalence data, and epidemiological data. All of the data applied 
are stratified by gender and age (based on one-year age categories up to the 
age of 95 years). The population is further divided into three categories based 
on smoking behavior: never smokers, current smokers, and former smokers. 
The epidemiological causal pathway implies that smoking prevalence is linked 
through the relative risk (RR) of the incidence of smoking-related diseases, 
followed by its effects on mortality. The full explanation of the simulation 
model and its conceptual technique are available at DYNAMO-HIA. (24)               

Figure 1. Conceptual framework, model input, and assumptions
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Model data
First, demographic data used in this study consist of population size in the 
baseline year (2018), along with the mortality rate (all causes) and the birth 
rate. These data and projections of newborns for the period 2015–2045 
were obtained from the population projections of the Mongolian Statistical 
Information Services, assuming a medium level of economic growth. (10)
 Second, smoking-prevalence data were obtained from the Mongolian 
STEPS surveys. The most recent STEPS survey was conducted in 2013.(9) A 
multi-stage, random cluster sampling method was adopted, targeting a set 
of 65 country-representative sites (32 urban and 33 rural) in 2013. Randomly 
selected adults between the ages of 15 and 64 years participated in the 
survey at each site. The response rate for 2013 was 98%. Data were available 
in aggregate form by gender and five-year age categories. Three smoking 
transition rates—start (initiation) rates (never smoker to current smoker), 
quit (cessation) rates (current smoker to former smoker), and relapse rates 
(former smoker to current smoker)—were calculated based on the approach 
developed by van de Kassteele et al. 25. This approach assumes that current 
smoking behavior will remain constant over time, as supported by the previous 
STEPS survey. Initiation is assumed to occur in the age categories from 15 to 
20 years, with cessation and relapse occurring among adults older than 21 
years of age.  
 Third, epidemiological data on smoking-related diseases were collected 
from the 2018 health-information database administrated by the National 
Health Center in Mongolia. The International Classification of Diseases-Ten 
(ICD-10) was applied, and the following diseases were included: ischemic 
heart diseases (IHD) (I20-I25), stroke (I60-I69; G45), chronic obstructive 
pulmonary disease (COPD) (J40-J44), oral cavity and pharyngeal cancer 
(C00-C14), esophageal cancer (C15), and lung cancer (C33-C34). In this 
dataset, epidemiological data are reported in five-year age categories, with 
the highest age category stopping at 64 years and older. We used the chronic 
disease model (DISMOD-II) tool developed by the World Health Organization 
(WHO) in order to complete missing data on disease-specific prevalence. 
(26) The DISMOD tool makes it possible to compile an internally consistent 
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epidemiological dataset.(27-28) Outcome parameters were compared to 
observed data (where available) and checked by two cancer experts from 
the National cancer center for face validity. Values for all model parameters 
applied in the analyses are presented in Supplementary Table S1.  

Intervention scenarios

Three scenarios were compared. The first scenario, “current situation,” assumes 
that the observed smoking transition rates in the base year would remain 
stable over time. This scenario thus reflects the tobacco-control policy as it was 
implemented up until 2013, which is the date of the most recently available 
smoking-prevalence data. 
 In two tobacco-taxation scenarios, two different levels of price increases 
of tobacco products were compared: a 25% increase, which reflects the 
currently planned tax increases, and a 75% increase, which reflects the changes 
needed in order to reach the planned national goal of excise taxes comprising 
at least 60% of tobacco prices by 2021.

Effect of price changes on smoking prevalence
The effect of price changes on tobacco consumption was modeled using 
the price elasticity of demand. Based on published evidence, for developing 
countries, the total price elasticity of tobacco is -0.8, meaning that a 10% 
increase in price leads to a 8% reduction in consumption.(6,8,29) The reduction 
in consumption can be due to a reduction in the number of cigarettes smoked 
per day, or it could be the result of either complete smoking cessation or 
reduced initiation. To evaluate the potential impact of price increases on 
health, the assumptions listed in Supplementary Table S2 were applied. The 
smoking participation price elasticity was -0.4 for adults, and -0.8 for youth. 
This indicates that a 75% price increase would lead to a reduction of 60% in 
the prevalence of smoking among young people between the ages of 15 and 
20 years, and to a 30% reduction among adults 21 years of age and older. The 
upper and lower limits of the price elasticity were obtained from literature. 
According to global youth tobacco surveys, the price elasticity of smoking 
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participation ranges from -0.56 to -0.96 in developing countries.(30) For adults, 
the review reports total price elasticity varying from -0.20 to -1.0 for LMICs. (31)
 
To disentangle reductions in smoking prevalence into those resulting from 
reduced initiation and those resulting from increased cessation, multiplication 
factors on baseline smoking transition rates were calibrated over a three-
year period. After three years, the effect of the price increase was set to 
zero. Supplementary Table S3 shows the estimated multiplication factors for 
each gender, age group, and scenario. By assumption, relapse should not be 
affected by higher tobacco prices. After three years, people are assumed to 
have become accustomed to the higher price of tobacco smoking and to have 
returned to their prior smoking behaviors.(7) The application of the adjusted 
initiation and quit rates allowed careful modeling of the effects on smoking 
prevalence over time during a three-year period. These were then fed into the 
DYNAMO-HIA tool to project health benefits over a long-term time horizon. 
Model outcomes were discounted and summed over the entire time horizon 
to yield net present values for life years and quality adjusted life years 
(QALYs) gained in the population. A discount rate of 3% per year was used, in 
accordance with the guidelines.(32-33) The time horizon used was 30 years.  

Sensitivity analysis
First, we performed a range of univariate sensitivity analyses to test the 
robustness of the model projections. Uncertainty around key parameters was 
based on the literature. Input parameter values and their sources, as used in 
the sensitivity analyses, are presented in Supplementary Table S1. We varied 
the price elasticity and smoking prevalence across age groups. 
 Second, we performed a partial probabilistic sensitivity analysis to 
estimate the combined effect of uncertainty around the key parameters. For 
the prevalence of current smokers, never smokers, and former smokers, we 
used a Dirichlet distribution to reflect the uncertainty around these smoking-
prevalence values, considering total population size for each specific age-
gender category, and randomly drew n=1000 values. Finally, extraction of the 
2.5 and 97.5 percentiles allowed us to establish 95% uncertainty ranges (UR) 
for our long-term projections. 
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RESULTS

Effect of price increases on future smoking prevalence 
The effects of the tax-increase scenarios over the first three years after the 
intervention are displayed in Table 1. As a result of adjusted smoking habits, 
the prevalence of current smoking could be expected to decrease in each 
of the scenarios, as compared to the reference scenario. However, the effect 
of the 25% price-increase scenario appeared negligible at the population 
level. A 75% price-increase scenario could be expected to reduce current 
smoking prevalence by 1.2% points at the population level, corresponding to 
a reduction of more than 36 thousand smokers. The greatest effect is likely 
to occur among the male population, given that almost seven times more 
future male smokers were prevented than female smokers. The percentage of 
former smokers increased as a result of current smokers who quit smoking in 
response to the price increases. 

Table 1. Reduction in the prevalence of current smoking, expressed in 
percentage points and reduction in the number of future smokers, by 
gender, after a three-year time horizon (point estimate, lower and upper 
limits)

Scenarios
Male
PE=mean
(lower-upper)

Female
PE=mean
(lower-upper)

Both
PE=mean
(lower-upper)

Reduction in the prevalence of current smoking

75% price increase 2.1 (1.0-2.7) 0.3 (0.1-0.6) 1.2 (0.6-1.6)

25% price increase 0.6 (0.1-1.2) 0.1 (0.0-0.4)* 0.3 (0.1 -0.8)

Reduction in the number of smokers (in thousands)

75% price increase 31.63 (15.64-41.28) 4.55 (2.21-9.57) 36.18 (17.85-50.85)

25% price increase 8.79 (2.09-17.96) 2.34 (0.0-6.60) 11.13 (2.09-24.56)

PE=price elasticity, * effects too small to be noticeable. 
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The effects of a one-time price increase of 75% on the age pattern of current 
smoking, taking into account the actual population structure over a three-
year time horizon, are presented in Figure 2. Clearly, fewer youths initiated 
smoking, while the effects of additional cessation for adults varied by age. 

Figure 2. Effects of one-time price increases of 75% among the male 
population after 3 years on baseline prevalence of current smoking

 The effects of the 75% price-increase scenario projected over a 30-year time 
horizon are displayed in Supplementary Table S4. The reduction in smoking 
prevalence for the 75% price-increase scenario was 4.47 (95% UR 4.27-4.63) 
percentage points for men and 0.54 (95% UR 0.44-0.67) percentage points for 
women, as compared to the reference scenario. The effect of the intervention 
declined steadily over time, as behavior returned to baseline smoking habits 
as the effect of the price increase waned.

Effects on population health
The discounted numbers of QALYs gained due to the intervention among the 
total population over a 30-year time horizon are presented in Table 2. Overall, 
an increase in tobacco taxes could be expected to yield a gain of more than 
137 thousand QALYs, with the majority of the health gains occurring among 
the male population. 
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Table 2. Quality-adjusted life year (QALY) gains from the 75% price-increase 
scenario (in thousands)

Disease name ICD-10 
code

Male
Mean
(95% UR)

Female
Mean
(95% UR)

Both
Mean
(95% UR)

Oral cancer C00-C14
18.06 
(16.57-19.51)

5.59 
(0-6.38)

23.64 
(16.57-25.90)

Esophageal cancer C15
18.08 
(16.59-19.54)

5.59 
(0-6.39)

23.67 
(16.59-25.93)

Lung cancer C33-C34
17.76 
(16.30-19.20)

5.57 
(0-6.37)

23.34 
(16.30-25.57)

IHD I20-I25
16.65 
(15.24-18.02)

5.08 
(0-5.81)

21.73 
(15.24-23.83)

Stroke I60-I69
17.68 
(16.21-19.11)

5.56 
(0-6.35)

23.24 
(16.21-25.46)

COPD J40-J44
17.87 
(16.43-19.23)

4.19 
(0-4.78)

22.05 
(16.43-24.01)

Total
106.09 
(97.35-114.61)

31.59
(0-36.08)

137.68 
(97.35-150.7)

As indicated by the uncertainty analysis, the effect of the intervention was 
affected by scenarios and a number of key input parameters. In addition to 
producing significant reductions in the prevalence of current smoking, the 
imposition of high tax increases reduced future smoking-related disease 
burden, thereby yielding greater QALY gains. The QALY gains range from 97 
thousand to 150 thousand, as reflected by the large amount of uncertainty 
in smoking-prevalence and smoking-transition rates. The cumulative QALY 
gains become unrealistic (zero) as the wide uncertainty results in negligible 
smoking prevalence among females. Finally, it is important to note that our 
results present the discounted QALY gains associated with smoking-related 
diseases over a 30-year time horizon. It should thus be clear that much higher 
values could be presented if these gains had not been discounted. 
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DISCUSSION   
We used a previously validated model and populated it with local data to 
extrapolate from the empirical data to a 30-year time horizon, in order to 
capture the full effects of a tax increase. The DYNAMO-HIA public health model 
was applied to predict that a one-time increase of 75% in the price of current 
retail prices for tobacco would reduce the prevalence of current smoking by 
1.2 percentage points at the population level, corresponding to more than 36 
thousand smokers (prevented and quitters) in Mongolia. As a consequence, in 
a population of around three million people, more than 137 thousand quality 
adjusted life years would be gained in terms of six smoking-related diseases 
over a 30-year time horizon. Importantly, we have demonstrated that modest 
price increases are likely to have a negligible impact. More specifically, they 
would allow policymakers to make a meaningless political statement without 
actually improving public health. Overall, the price increase could be expected 
to yield more benefits for men than it did for women, simply because the 
prevalence of smoking among men was 10 times higher than it was among 
women. 
 Our study is based on conservative assumptions. For example, it 
assumes that, after three years, the effect of a one-time tax increase is likely 
to have disappeared and that people would be likely to have returned to their 
baseline smoking behavior, as they became accustomed to the higher price. 
In addition, we explicitly modelled former smokers as still being at greater 
risk than never smokers. For some diseases, the benefits may seem relatively 
modest. This can be explained by the fact that the risks to former smoker (e.g., 
of developing several cancers) remains similar to those of current smokers. 
 The 25% price-increase scenario did not produce any significant effects 
on smoking prevalence over a three-year time horizon. In contrast, a price 
increase of 75% resulted in a significant reduction in the prevalence of current 
smoking. The reduction is particularly dependent on the age structure of 
the population. The reduction was thus even larger in age groups that are 
increasing in size. Our finding that the effects of the intervention are likely to 
disappear over time is also due to the projected rapid population growth over 
the next 30 years. Preventing young people from initiating smoking would 
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require repeated interventions (e.g., new tax increases). 
 As an additional strategy for avoiding excessively optimistic estimates 
of health benefits, the model distinguishes between never smokers and 
former smokers. Smoking cessation results in an increased number of former 
smokers. For some disorders, the resulting decrease in lifetime risk is small, 
while cessation yields large effects for others. The greatest health benefits 
are associated with the prevention of smoking (i.e., reduced initiation rates) 
among young people. 
 Young people tend to be less addicted to smoking, due to their short 
history of smoking. Moreover, they are more responsive to price than adults 
are. Consistent with previous studies, our results indicate that a price increase 
of 10% reduces smoking prevalence among young people by 8%, which is 
two times greater than the reduction for adults. When considering total price 
elasticity of demand, tobacco use could even be reduced by as much as 22% 
among young people in LMICs. Demonstrating this, however, would require 
a different analytic approach. Our results thus indicate that tobacco taxes are 
highly effective among young people. In particular, the health effect is likely to 
be even greater, as higher prices for tobacco products are likely to discourage 
most young people from starting smoking at all.
 The benefits of tobacco-tax interventions are not limited to QALY gains 
resulting from the reduction of smoking-related diseases, as examined in this 
study. Other benefits could include additional revenue from excise taxes, avoid 
future healthcare expenditures for tobacco-related diseases, and reduced loss 
of productivity.(14) Moreover, non-smokers are likely to experience additional 
health benefits resulting from decreased exposure to second-hand smoke. 
Previous studies have suggested that increasing tobacco taxes can yield more 
health and financial gains for the poorest segments of the population than for 
the most affluent population groups. (34,35)
 Comparison of our results to those of other modeling studies was 
challenging, given differences in the modelling approaches applied.(19) 
Similar dynamic modeling approaches have been used in Vietnam (360, 
New Zealand (17), and Taiwan (37). In general, these studies corroborate our 
findings that tobacco-taxation policies can be expected to decrease smoking 
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prevalence and be beneficial to population health.(38,39) In contrast to 
our results, however, these studies used many input parameters from high-
income/Western countries. For example, the relative risk of smoking on deaths 
due to lung cancer was almost 10 times higher than the figure we used in our 
model. Our relative-risk was taken from a recent pooled analysis of 21 cohort 
studies in Asia. 40,21 As a result, our estimates could be considered more 
realistic in an Asian setting. In addition, most other studies lack uncertainty 
ranges and present only univariate sensitivity analyses.   
 The DYNAMO-HIA tool is a well-established model for quantitative 
health impact assessment that has been used predominately for assessing 
population-level policies in European countries. Examples include the taxation 
of alcohol in Western Europe 41, the taxation of processed meat in Germany 
(42), and the comparison of tobacco interventions in the Netherlands.(22) It has 
been applied in Korea to compare the effects of a cigarette-pack intervention 
to those of a tobacco-tax intervention, reporting that a tobacco-tax increase of 
100% produced greater health benefits than a package-warning intervention.
(43)
 The strength of our study involves the use of a dynamic multi-state 
model with different smoking categories (i.e., never smokers, former smokers, 
and current smokers). This enabled us to present gains in both life years 
and quality adjusted life years, while properly discounting the outcomes. 
Moreover, the baseline input parameters in our model were country-specific 
and taken from nationwide epidemiological registry data on six smoking-
related diseases, as well as from the country-representative STEPS surveys on 
smoking prevalence. A final strength of our approach is that it includes an 
elaborate sensitivity analysis to represent the uncertainty in the outcomes. 
Most public health model analyses omit this step, even though it is essential to 
the proper reflection of uncertainty introduced by uncertain input parameters 
and model assumptions.(44)
 Despite the strengths of this study, it is important to acknowledge several 
limitations. Although most of the input parameters were country-specific, no 
local data on the price elasticity of demand for cigarettes were available. We 
used estimates from global comparison studies, which yielded a mean value 
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of -0.4.(7,29) Given the wide range of cigarette prices in Mongolia, the true 
level of price elasticity of demand could be different, with smokers switching 
to cheaper brands rather than quitting. To compensate for this uncertainty, we 
included a sensitivity analysis using a wide range of price elasticity of demand, 
based on published sources. Another potential limitation has to do with the 
small magnitude of the relative risks used in our model, as compared to the 
original DYNAMO-HIA input data. Our relative risks were taken from studies in 
Asia, with individual-level data from more than one million participants in 20 
Asian cohort studies. As an example, the relative risk of lung cancer was 3.56 for 
current smokers, whereas the relative risks used in the original DYNAMO-HIA 
study were almost 10 times higher, based on data from European countries.
(20,21,45) While the Asian risk figures seem more appropriate, they yield lower 
estimated health benefits for tobacco-control policies. The low relative-risk 
levels reflect the comparatively short history of the smoking epidemic in Asia. 
Over time, therefore, the relative risk for many diseases in Mongolia is likely 
to increase as individuals who have smoked since their youth grow older. Our 
projections may thus be overly conservative in this respect.  
 In 2012, the Mongolian government adopted tobacco-control policies to 
reduce tobacco smoking.(46) While a number of key measures were adopted 
as part of the tobacco-control law, (e.g., smoke-free workplaces, and a ban on 
promotions), the level of tobacco taxes has been remained the lowest in the 
region.(47) Although the law does include tax increases, they have been limited 
to a 10% increase in 2018, followed by annual increases of 5% up until 2021. In 
2018, these increases amounted to MNT 70 (USD 0.03) per pack of cigarettes.  
Recent evidence from Mongolia indicates that the share of illicit cigarettes 
has declined from 15.4% to 6.3% since the introduction of the changes in 
the tobacco-tax policy in 2017.48 For this reason, the government should 
consider further tobacco-tax increases in order to enhance the effectiveness 
of the policy in reducing the prevalence of smoking and yielding favorable 
health outcomes.(6,7) 
 In response to an emerging burden of non-communicable diseases 
(NCDs), Mongolia has adopted a population-based public health approach.
(49) Nevertheless, the prevalence of major risk factors—including tobacco 
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smoking—have remained essentially unchanged in the past years. The wide, 
current gender gap in life expectancy can be explained by differences in 
lifestyle, and more specifically, the smoking of tobacco.(50) The results of the 
current study may therefore be used to enhance understanding concerning 
the effects of tobacco-tax measures, as recommended by global initiatives 
aimed at curbing the burden of NCDs on population health in Mongolia and 
similar developing countries. 

CONCLUSION 

There is substantial room for tobacco-tax increases in Mongolia. Continuation 
of the current strategy of annual tobacco-tax increases of 5% up until 2021, as 
mandated in 2018, is unlikely to achieve Mongolia’s national goal of reducing 
smoking prevalence in the population from 27% in 2013 to 22% by 2021. 
 A one-time price increase of 75% would prevent almost 40 thousand 
smokers in the future, corresponding to a gain of over 137 thousand QALYs 
in 30 years for a population of three million people. Further benefits of such 
an intervention could include gains in productivity, and savings in healthcare 
costs due to smoking-related diseases, in addition to the benefits associated 
with reduced environmental tobacco smoke. Mongolia thus stands to realize 
substantial benefits from a genuine tobacco-tax intervention.  

ACKNOWLEDGEMENTS
The authors are grateful to Dr. Silvia Evers and Dr. Melanie Zeppel for their 
valuable comments on an earlier version of the manuscript. We would also 
like to thank the medical statisticians of the Health Development Center in 
Mongolia for providing data. Finally, we gratefully acknowledge Stefan K. 
Lhachimi from the Research Group for Evidence-Based Public Health, Leibniz 
Institute for Prevention Research, for sharing the R code.  

 



Reducing the burden of disease through tobacco taxes in Mongolia

5

141

REFERENCES
1. World Health Organization. WHO Report 

on the Global Tobacco Epidemic, 2008: The 
MPOWER Package.; 2008.

2. WHO Global Report on Trends in 
Prevalence of Tobacco Smoking 2000-
2025, Second Edition.; 2018. http://apps.
who.int/bookorders. Accessed May 6, 
2019.

3. P Jha, FJ Chaloupka The economics of 
global tobacco control BMJ, 321 (2000), 
pp. 358-361.

4. Shari P. Feirman, Allison M. Glasser, 
Shyanika Rose, Ray Niaura, David 
Brian Abrams, Lyubov Teplitskaya ACV. 
Computational models used to assess US 
tobacco control policies.

5. Chaloupka FJ, Straif K, Leon ME. 
Effectiveness of tax and price policies 
in tobacco control. Tob Control 2010:tc. 
2010.039982. 

6. The Wold bank. Curbing the epidemic: 
governments and the economics 
of tobacco control. Tob Control 
1999;8:196. 

7. Cancer Institute N, Department of Health 
U, Services H, Health Organization W. 
Monograph 21. The Economics of Tobacco 
and Tobacco Control.

8. U.S. National Cancer Institute and World 
Health Organization. The Economics of 
Tobacco and Tobacco Control. National 
Cancer Institute Tobacco Control 
Monograph 21. NIH Publication No. 16-CA-
8029A. Bethesda, MD: U.S. Department of 
Health and Human Services.

9. World Health Organization. Mongolian 
STEPS Survey on the prevalence of 
noncommunicable disease risk factors. 
2013.

10. National Statistics office M. Population. 
http://1212.mn/. Published 2018.

11. LIFE EXPECTANCY AT BIRTH, by sex, aimag 
and the captal. http://1212.mn/.

12. MOH. National Tobacco control Strategy in 
Mongolia 2013-2021.

13. Country Profile Mongolia Summary of 
MPOWER Measures in Mongolia.

14. Verguet S, Gauvreau CL, Mishra S, et al. 
The consequences of tobacco tax on 
household health and finances in rich 
and poor smokers in China: An extended 
cost-effectiveness analysis. In: Economics 
of Tobacco Control in China: From Policy 
Research to Practice. Vol 4. 

15. Chaloupka FJ, Straif K, Leon ME. 
Effectiveness of tax and price policies 
in tobacco control. Tob Control. 
2011;20(3):235-238. doi:10.1136/
tc.2010.039982

16. Higashi H, Truong KD, Barendregt JJ, et 
al. Cost Effectiveness of Tobacco Control 
Policies in Vietnam The Case of Population-
Level Interventions.; 2011.

17. Van der Deen FS, Wilson N, Cleghorn CL, 
et al. Impact of five tobacco endgame 
strategies on future smoking prevalence, 
population health and health system 
costs: two modelling studies to inform 
the tobacco endgame. Tob Control. 
2018;27(3):278-286. doi:10.1136/
tobaccocontrol-2016-053585

18. Singh A, Wilson N, Control TB-T, 2020 U. 
Simulating future public health benefits of 
tobacco control interventions: a systematic 
review of models. tobaccocontrol.bmj.
com.

19. Tuvdendorj A, Yihui Du, Grigory 
Sidorenkov EB, Geertruida H. de Bock TF. 
Informing policy makers on the efficiency 
of population level tobacco control 
interventions in Asia: A systematic review 
of model-based economic evaluations. J 
Glob Health. 2020.

20. Zheng W, McLerran DF, Rolland BA. Burden 



Chapter 5

142

of Total and Cause-Specific Mortality 
Related to Tobacco Smoking among Adults 
Aged ≥45 Years in Asia: A Pooled Analysis 
of 21 Cohorts. Novotny TE, ed. PLoS Med. 
2014;11(4):e1001631. doi:10.1371/journal.
pmed.1001631

21. Yang JJ, Yu D, Wen W, et al. Tobacco 
Smoking and Mortality in Asia: A 
Pooled Meta-analysis. JAMA Netw 
open. 2019;2(3):e191474. doi:10.1001/
jamanetworkopen.2019.1474

22. Kulik M, Nusselder W, Boshuizen H, One 
SL-Pl, 2012  undefined. Comparison of 
tobacco control scenarios: quantifying 
estimates of long-term health impact 
using the DYNAMO-HIA modeling tool. 
ncbi.nlm.nih.gov. 

23. Leão T, Perelman J, Clancy L, et al. Economic 
Evaluation of Five Tobacco Control Policies 
Across Seven European Countries. Nicotine 
Tob Res. 2019:1-8. doi:10.1093/ntr/ntz124

24. DYNAMO-HIA project. Dynamo-HIA. 
http://www.dynamo-hia.eu/. Published 
2010. Accessed October 1, 2016.

25. Van de Kassteele J, Hoogenveen RT, 
Engelfriet PM, et al. Estimating net 
transition probabilities from cross‐
sectional data with application to risk 
factors in chronic disease modeling. Stat 
Med 2012;31:533-43.

26. Barendregt, Jan J., et al. “A generic 
model for the assessment of disease 
epidemiology: the computational basis of 
DisMod II.” Population health metrics 1.1 
(2003): 4.

27. Yoon S, Oh I, Seo H, et al. Measuring the 
burden of disease due to climate change 
and developing a forecast model in South 
Korea. Public Health 2014;128:725-33.

28. McLean S, Barbour V, Wild S, et al. Models 
for estimating projections for disease 
prevalence and burden: a systematic 
review focusing on chronic obstructive 
pulmonary disease. J Health Serv Res 

Policy 2015;20:246-53.

29. Asian Development Bank Tobacco taxes: 
a win-win measure for fiscal space and 
health, Asian Development Bank, Manila 
(2012).

30. Kostova D, Ross H, Blecher E, Markowitz 
S. NBR working paper series prices and 
cigarette demand: evidence from youth 
tobacco use in developing countries; 2010. 
http://www.nber.org/papers/w15781. 

31. International Agency for Research on 
Cancer (IARC), World Health Organization. 
IARC Handbook of cancer prevention, 
volume 14: effectiveness of Tax and price 
policies for tobacco control, chapter 4: Tax, 
price and aggregate demand for tobacco 
products. Lyo.

32. Drummond M, Sculpher M, Claxton K, 
Stoddart G. Methods for the Economic 
Evaluation of Health Care Programmes.; 
2015.

33. Hutubessy R, Chisholm D, Tan-Torres Edejer 
T, et al. Generalized cost-effectiveness 
analysis for national-level priority-setting 
in the health sector. Cost Eff Resour Alloc. 
2003;1. doi:10.1186/1478-7547-1-8

34. Global Tobacco Economics Consortium. 
(2018). The health, poverty, and financial 
consequences of a cigarette price increase 
among 500 million male smokers in 13 
middle income countries: compartmental 
model study. bmj, 361, k1162.

35. Nargis N, Ruthbah UH, Hussain AKMG, 
Fong GT, Huq I, Ashiquzzaman SM. 
The price sensitivity of cigarette 
consumption in Bangladesh: evidence 
from the  International Tobacco Control 
(ITC) Bangladesh Wave 1 (2009) and 
Wave 2 (2010) Surveys. Tob Control. 
2014;23 Suppl 1(0 1):i39-47. doi:10.1136/
tobaccocontrol-2012-050835

36. Higashi H, Truong KD, Barendregt JJ, et 
al. Cost Effectiveness of Tobacco Control 
Policies in Vietnam The Case of Population-



Reducing the burden of disease through tobacco taxes in Mongolia

5

143

Level Interventions. Vol 9. Springer 
International Publishing; 2011:183-196.

37. Levy DT, Wen CP, Chen TY, Oblak M. 
Increasing taxes to reduce smoking 
prevalence and smoking attributable 
mortality in  Taiwan: results from a 
tobacco policy simulation model. Tob 
Control. 2005;14 Suppl 1(Suppl 1):i45-50. 
doi:10.1136/tc.2003.005660

38. Higashi H, Truong KD, Barendregt JJ, 
Nguyen PK, Vuong ML, Nguyen TT, Hoang 
PT, Wallace AL, Tran TV, Le CQ, Doran CM. 
Cost effectiveness of tobacco control 
policies in Vietnam. Applied health 
economics and health policy. 2011 May 
1;9(3):183-96. 

39. Jha P, Joseph R, Li D, Gauvreau C, Anderson 
I. Tobacco Taxes: A Win-win Measure for 
Fiscal Space and Health. November 2012. 
Asian Dev Bank. 2012.

40. Peto R, Boreham J, Lopez AD, Thun 
M, Heath C. Mortality from tobacco in 
developed countries: indirect estimation 
from national vital statistics. Lancet. 
1992;339(8804):1268-1278. 

41. Lhachimi SK, Cole KJ, Nusselder WJ, Smit 
HA, Baili P, Bennett K, Pomerleau J, McKee 
M, Charlesworth K, Kulik MC, Mackenbach 
JP. Health impacts of increasing alcohol 
prices in the European Union: a dynamic 
projection. Preventive medicine. 2012 Sep 
1;55(3):237-43.

42. Schönbach J, Thiele S, Medicine SL-P, 
2019 U. What are the potential preventive 
population-health effects of a tax on 
processed meat? A quantitative health 
impact assessment for Germany. Elsevier. 

43. Health EK-J of PM and P, 2017  undefined. 
Assessing health impacts of pictorial 
health warning labels on cigarette packs 
in Korea using DYNAMO-HIA. ncbi.nlm.
nih.gov. 

44. Philips, Z., Ginnelly, L., Sculpher, M., 
Claxton, K., Golder, S., Riemsma, R., 
Woolacott, N. and Glanville, J., 2004. 
Review of guidelines for good practice 
in decision-analytic modelling in health 
technology assessment. In NIHR Health 
Technology Assessme.

45. WP6: Smoking Report on data collection 
for smoking and related relative risks 
Esteve Fernández, MD, PhD Jose Maria 
Martínez-Sánchez, BSc, MPH Catalan 
Institute of Oncology.

46. WHO | Mongolia – Comprehensive tobacco 
control legislation revised. WHO. 2017.

47. WHO report on the global tobacco 
epidemic 2019. 2019.

48. Ross H, Vellios N, Batmunkh T, Enkhtsogt 
M, Rossouw L. Impact of tax increases 
on illicit cigarette trade in Mongolia. Tob 
Control. 2019;0:1-5. 

49. Chimeddamba O, Peeters A, Walls HL, et 
al. Noncommunicable Disease Prevention 
and Control in Mongolia: A Policy Analysis. 
BMC public health 2015;15:660 

50. Tuvdendorj A, Feenstra T, Tseveen B, 
Buskens E. Smoking-attributable burden 
of lung cancer in Mongolia a data 
synthesis study on differences between 
men and women. PLoS One. 2020;15(2). 

doi:10.1371/journal.pone.0229090



Chapter 5

144

APPENDIX

Table S1. Model parameters.

Variables in the model Male Female Reference

I.      Demographic data

Population size 1,533,983 1,585,952

(1)(2)Overall mortality 9,812 6,538

Newborn forecasting (2015-2045)

II. Epidemiology data (3)

Incidence 10,258 15,929

Estimated by 

the authors 

using the 

DISMOD.

Oral cancer (C00-C14) 62 82

Esophageal cancer (C15) 165 161

Lung cancer (C34) 344 97

COPD ( J40-J44) 3,211 5,321

Stroke (I60-I69, G45) 2,697 4,975

IHD (I20-I25) 3,779 5,293

Deaths 2,981 2,496

Oral cancer (C00-C14) 43 30

Esophageal cancer (C15) 151 141

Lung cancer (C34) 279 67

COPD ( J40-J44) 86 55

Stroke (I60-I69, G45) 897 1,154

IHD (I20-I25) 1,525 1,049

Prevalence 116,861 220,429

Oral cancer (C00-C14) 257 869

Esophageal cancer (C15) 123 169

Lung cancer (C34) 585 323

COPD ( J40-J44) 49,850 88,420

Stroke (I60-I69, G45) 27,771 55,785

IHD (I20-I25) 38,275 74,863

III. Risk factor data

Smoking prevalence (4)

Never smoker 32.8 (30.2-35.6) 91.3 (89.1-93.1)

Current smoker 49.2(54.4-43.4) 5.3(8.3-2.5)

Former smoker 18.0 (15.4-21) 3.4 (2.6-4.4)
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Table S1. Model parameters.(continued)

Variables in the model Male Female Reference

Relative risk for current smokers versus never smokers

(5)(6)

Oral (C00-C14) 2.02(1.89-2.16) 2.15(1.88-2.47)

Oesophagus (C15) 2.02(1.89-2.16) 2.15(1.88-2.47)

Lung cancer (C34) 4.80 (3.71-6.19) 3.53 (2.99-4.16)

COPD ( J40-J44) 1.71 (1.51, 1.94) 2.37 (1.88, 3.00)

Stroke (I60-I69, G45) 1.47 (1.37, 1.58) 1.73 (1.50, 2.00)

IHD (I20-I25) 1.47 (1.37, 1.58) 1.73 (1.50, 2.00)

Death from all-causes 1.70 (1.57-1.84) 1.71 (1.57-1.86)

Relative risk for former smokers versus never smokers

Oral cancer (C00-C14) 1.27(1.16-1.36) 1.62(1.29-2.04)

Esophageal cancer (C15) 1.27(1.16-1.36) 1.62(1.29-2.04)

Lung cancer (C34) 4.09 (3.26-5.15) 3.21 (2.77-3.72)

COPD ( J40-J44) 1.87 (1.62, 2.15) 1.62 (1.08, 2.41)

Stroke (I60-I69, G45) 1.24 (1.14, 1.35) 1.35 (1.11, 1.65)

IHD (I20-I25) 1.24 (1.14, 1.35) 1.35 (1.11, 1.65)

Death from all-causes 1.59 (1.50-1.68) 1.66 (1.55-1.79)

IV.Price elasticity of demand on smoking prevalence

15-20 years old -0.8 (-0.56 to -0.96)
(7-11)

21+ years old -0.4(-0.2 to -1.00)

 

Table S2. Effect of price changes on smoking prevalence

Scenarios 75% price increase 25% increase

Age group 15-20 21+ 15-20 21+

Total price elasticity of demand -1.6 -0.8 -1.6 -0.8

Smoking participation price elasticity -0.8 -0.4 -0.8 -0.4

Reduction in smoking prevalence -60% -30% -20% -10%
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Table S3. Estimated adjustment factors for baseline initiation and quit rates, 
for three levels of price elasticity (point estimates, lower and upper confidence 
limits).

Gender
Age 

group

Baseline 
smoking
transition rates

75% price increase 25% price increase

Price elasticity Price elasticity

Mean Lower Upper Mean Lower Upper

Male 15-20 Initiation rate

Mean 0.50 0.65 0.41 0.87 0.88 0.84

Lower 0.65 0.88

Upper 0.39 0.79

21+ Quit rate

Mean 3.09 1.62 3.93 1.69 1.28 1.84

Lower 2.68 2.21

Upper 4.17 2.11

Female

 

15-20 Initiation rate       

Mean 0.68 0.78 0.58 0.90 0.93 0.87

Lower 0.88 0.96

Upper 0.39 0.79

21+

 

Quit rate

Mean 3.32 2.01 4.15 1.85 1.57 1.96

Lower 4.35 3.40

Upper 3.84   1.40

 Table S4:. Reduction in the prevalence of current smoking in the 75% price 
increases scenario as compared to reference scenario in percentage points 
over 20 year time horizon.

Year
Population size*

(in thousand)

Male Female

mean 95% UR Mean 95% UR

2018 2,987 4.47 4.27 4.63 0.54 0.44 0.67

2019 3,032 4.15 4.00 4.31 0.53 0.45 0.69

2020 3,075 3.95 3.84 4.12 0.52 0.44 0.68

2025 3,267 2.97 2.92 3.11 0.42 0.40 0.51

2030 3,438 2.27 2.16 2.33 0.36 0.23 0.42

2035 3,614 1.94 1.84 2.09 0.28 0.17 0.28

2040 3,802 1.58 1.53 1.77 0.28 0.17 0.34

2048 4,008 1.07 1.02 1.24 0.21 0.10 0.27

 *Reference scenario
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