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Abstract

Introduction: Under the current policy landscapes, the lifetime health and economic burden of smokeless tobacco (ST) products, consumed by
over 297 million ST users in South Asia, is unknown. The aim of this study was to estimate the lifetime health effects and costs attributable to
current and future ST use in Bangladesh, India, and Pakistan where the majority of ST users live.

Aims and Methods: \We developed a Markov-based state-transition model (ASTRAMOD) to predict the lifetime costs of treatment of four
diseases (oral, pharyngeal, esophageal cancers, and stroke) and disability-adjusted life years (DALYs), attributable to the current and future
use of ST under existing ST policy scenario. Country-specific Global Adult Tobacco Surveys, life tables, and meta-analyses of South Asian
and South East Asian studies were used to populate the model. A probabilistic sensitivity analysis evaluated the uncertainty in model
predictions.

Results: If there were no change in the current ST policies, the lifetime ST-attributable treatment costs would be over US$19 billion in India,
over US$1.5 billion in Bangladesh, and over US$3 billion in Pakistan. For all countries, the attributable costs are higher for younger cohorts
with costs declining with increasing age for those over 50. The model predicted that a typical 15-yearold male adoloscent would gain
0.07-0.18 life years, avert 0.07-0.19 DALYs, and generate a cost-savings of US$7-21 on healthcare spending if ST policies were changed
to eliminate ST use.

Conclusions: Policy interventions aimed at decreasing the uptake of ST and increasing quitting success have the potential to substantially de-
crease the economic and health burden of ST.

Implications: This study provides the most comprehensive estimates of the lifetime health and economic burden of ST by 5-year age and sex
cohorts. This is also the first study that highlights the scale of health and economic burden of ST in Bangladesh, India, and Pakistan if there were
no changes in the current ST policies. Policymakers and practitioners can use the reported data to justify their decisions to improve current ST
policies and practices in their country. Researchers can use the ASTRAMOD methodology to estimate the impact of future ST policy changes.

Introduction which the impact of any future change in ST policy could be

South and Southeast Asia is home to a large majority objectively measured. , ,
(>85%) of the 356 million users of smokeless tobacco (ST) Studies on the burden of ST in South Asia are sparse. John et
al. (2009) used a prevalence-based attributable risk approach

to estimate the economic (direct medical and indirect mor-
bidity but not premature mortality) costs of smoking and ST
use in India.* In 2017, John (2019) also estimated the costs of
diseases and deaths attributable specifically to bidi smoking
in India.” Amarasinghe et al.® used a prevalence-based cost-
of-illness approach to estimate direct treatment costs (govern-
ment and out-of-pocket) and indirect costs of lost earnings due
to mortality and morbidity.® Smoking attributable fractions

globally.! ST is associated with an increased risk of oral
cancers, and mortality related to cardiovascular and cere-
brovascular diseases.? Policymakers are, however, faced with
decisions regarding where the most impactful investments
can be made.’> Understanding the lifetime health and eco-
nomic burden of ST in South Asia could not only quantify
the impact of current and future ST use if status quo in ST
policymaking remained, but also serve as a baseline against

Received: April 25,2023. Revised: January 25, 2024. Accepted: March 14 2024.

© The Author(s) 2024. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

20z Joquieidag Gz uo 1senb Aq 01.8999///909BIU/IIU/EE0L"01/I0P/S[OIHE-8OUBAPE/IU/WOS"dNO"OILSPEDE//:SARY WOl PEPEO|UMOC


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1742-5534
https://orcid.org/0000-0002-7616-9596
https://orcid.org/0000-0002-1885-8254
https://orcid.org/0000-0001-9453-1408
https://orcid.org/0000-0003-1529-7778
https://orcid.org/0000-0002-1009-8553
mailto:Subhash.Pokhrel@brunel.ac.uk?subject=

were used to derive the direct cost of smoking and indirect
morbidity and mortality costs in Pakistan.” In Bangladesh, a
population-attributable risk was estimated to capture the rel-
ative morbidity and mortality risks of tobacco use, and then
it was used as a multiplier to estimate health expenditure.®
Most recently, John et al. (2021) updated the Indian estimates
and added indirect mortality costs of premature deaths.’

Whilst direct comparison is difficult due to differences in
methods, data sources, and included outcomes, all studies
demonstrated significant economic burden of current ST use
and disparity between men and women in ST-attributable
costs. ST use in India for the year 2004 amounted to US$285
million in direct medical care costs with additional US$104
million indirectly (cost of caregivers and the value of work
loss).* This is 23% of the total economic cost attributable to
all types of tobacco use in India and women contributed more
to the cost of ST (31%) than to smoked tobacco (7%). The
revised estimates for the year 2017-2018 showed that 26%
of the total tobacco-attributable costs (US$27.5 billion) was
due to ST alone.’ In Bangladesh, total direct and indirect costs
attributable to both smoking and ST use rose from 135.8 bil-
lion BDT (US$1.6 billion) in 2004 to 305.6 BDT (US$3.6
billion) in 2018 (separate cost estimates for ST are not avail-
able).® These estimates considered more (29.6%) Bangladeshi
women using ST compared to men (21.5%). In Pakistan,
smoking cost US$3.85 billion in 2019 of which indirect costs
(morbidity and mortality) accounted for 70%, men had 77%
and 35-64 age group had 86% of the total costs.” Although
no costs specific to ST use are available for Pakistan, wider
tobacco control policies are being advocated on the back of
the above study.

Most of the existing studies are thus estimates of ST burden
for a single year, consistent with cost-of-illness studies gen-
erally. There has been no study, however, that examined the
burden incorporating the projected future use, quitting, and
relapsing behaviors that could occur in one’s lifetime in re-
sponse to the current (and arguably and inadequate) ST con-
trol policies in a country. Therefore, in this study, we sought
to answer the following question: What would be the life-
time costs and health impacts of ST use if the ST policy status
quo in Bangladesh, India, and Pakistan continued? It was ex-
pected that quantifying the lifetime costs of ST use in this way
would provide the country policymakers with one of the crit-
ical evidences that they require as a benchmark (or the base-
line) against which they can measure the impact of changing
current policies.

This study was conducted for three countries—Bangladesh,
India, and Pakistan—that together carry 82% of ST-related
global disease burden.'® This study was a part of ASTRA
(Addressing ST use and building Research Capacity in South
Asia), a Global Health Research Group, that was set up with
the funding from UK’s National Institute for Health and Care
Research (NIHR) to generate new knowledge around preven-
tion of premature deaths, disabilities, and economic loss due
to ST use in adults and adolescents.!!

Materials and Methods
Study Objective

We developed a Markov-based state-transition model to
allow estimation of the net burden of ST over the life course.
This model facilitated the valuation of the disease costs and
health impacts (disability and death) associated with ST use

Coyle et al.

based on the current consumption rate for three South Asian
countries, Bangladesh, India, and Pakistan.

Population

The group of interest was the current adult population
(aged 15 and above) as of the year 2020. (Supplementary
Appendix A). This reflects the age at which persistent ST up-
take generally begins. For each country, the population was
stratified into 5-year cohorts (ie, from 15 to 19 years to 70
to 74 years) and by sex (male and female).'? Estimates of the
burden are obtained for each age-sex cohort, with estimates
for the total population obtained by weighting the results
from each stratum.

Comparator

To estimate the net burden of ST, analysis compared life-
time outcomes based on current usage of ST incorporating
projected uptake, quitting, and relapse behaviors to a sce-
nario in which no ST is consumed (the baseline).

Outcomes

The disease burden of ST was assessed through disability-
adjusted life years (DALYs), years of life lost, and the cost
of treatment of ST-related illnesses. A healthcare perspec-
tive, including both costs borne by the healthcare system and
by individuals was taken."® Each cohort was modeled over
their lifetime (to 89 years of age, due to data uncertainty in
the estimates above this age) with a discount rate of 3% per
annum for costs and outcomes.'*

Economic Model (ASTRAMOD)

A series of Markov-state-transition models, of identical struc-
ture, were used to estimate long-term outcomes and costs for
each cohort. Individuals were categorized as falling into one
of four primary states within the model; never user, current
user, former user, and dead (Figure 1). In this prevalence-
based model, the states are related to ST use, rather than
diseases. Patients could develop ST-related diseases with the
total prevalence for the age/sex cycle equal to the reported
prevalence for the specific country. Odds ratio for the risk of
disease are used to apportion the prevalence between those
who are current, former, and never ST users (Supplementary
Appendix D for a detailed explanation of these calculations).
With this approach, the diseases are not mutually exclusive.
Recovery from disease could occur; however, this is not ex-
plicitly modeled, but rather reflected in the age/sex-specific
prevalence adjusted for ST use.

The arrows in Figure 1 indicate how the members of the
cohort can move from one state to another with each cycle
of the model. The former ST user state has multiple ovals
behind it to reflect the set of tunnel states that have been
implemented for former ST users to allow for a reduction in
the risk of disease and mortality with time since quitting ST
and the probability of relapse which varies with time since
quitting. The cycle length was 1 year which is consistent with
data regarding quitting and relapse. Each cohort was distrib-
uted across the three ST user states based on the currently re-
ported rates of ST use within the populations.’*'” The cohort
was subjected to a set of transition probabilities within each
cycle allowing them to either remain in their current state or
move to one of the other model states, with death being an
absorbing state. Mortality is modeled independent of disease;
however, the same approach as was taken with ST diseases to
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Figure 1. Model structure.

*Each oval represents a primary state in the model. This is a prevalence-
based model in which the states are related to smokeless tobacco

(ST) use rather than diseases. The multiple ovals for former ST users
represent tunnel states which reflect the time in years since quitting ST.
The risk of relapse decreases with time since quitting as does the risk
of ST related diseases and mortality. Four ST-attributable diseases (oral,
oesophageal and pharyngeal cancer and stroke) for current and former
ST users were included in the model. Disability weights derived for each
of the four associated diseases from the 2016 Global Burden of Disease
study were included in the model. Each oval represents a primary state
in the model. This is a prevalence based model in which the states are
related to smokeless tobacco (ST) use rather than diseases. The multiple
ovals for former ST users represent tunnel states which reflect the

time in years since quitting ST. The risk of relapse decreases with time
since quitting as does the risk of ST related diseases and mortality. Four
ST-attributable diseases (oral, oesophageal and pharyngeal cancer and
stroke) for current and former ST users were included in the model.
Disability weights derived for each of the four associated diseases from
the 2016 Global Burden of Disease study were included in the model.

adjust the age/sex/country-specific mortality by the relative
risk of mortality for current and former versus never users of
ST is employed.

Transition Probabilities

Four sets of age- and sex-specific annual transition
probabilities for each country were implemented within the
model. These included: The probability of initiation of ST, the
probability of making a successful quit attempt, long-term
annual probabilities of relapse, and the probability of mor-
tality specific to ST use status of an individual; that is, differ-
ential mortality was assumed for current, former, and never
ST users. These probabilities were estimated using data from
country-specific Global Adult Tobacco Survey’s and UN actu-
arial life tables.">** Prevalence was not kept the same based
on the last survey data, rather, the past survey data has been
used to estimate the transition probabilities between the four
model states and it is these transition probabilities which are
used to estimate the future prevalence of ST use (For meth-
odological details and input data tables, Supplementary
Appendix B, C, and D)

Prevalence of ST-Related Diseases

Based on epidemiological data from the Global Burden
of Disease study, the model estimated, for each cycle, the
prevalence of ST-related diseases through application of the
ST-related population attributable risk fractions relating to
current and former ST users.?! The four diseases included

in the model (oral, esophageal and pharyngeal cancer, and
stroke) were selected based on both the underlying bio-
logical plausibility of the association with ST use and the
proportion of the expected associated burden supported
by the current evidence. They were selected based on a
review of the published literature and consultation with
experts.?®?223 The population-attributable fraction of each
of the co-morbid diseases for ST users was calculated using
data regarding the disease prevalence from the Global
Burden of Disease Study, the prevalence of users, former
users, and never users from country-specific surveys and
the relative effects (odds ratios) of ST on the prevalence
of each disease. The same values for relative effects were
used for all countries and were based on two recent meta-
analyses of studies conducted in South East Asian and
Indian populations.?®??* (For details, see Supplementary
Appendix D).

Costs

The costs within the model were those associated with the
four diseases. Specific details regarding the costing estimates
can be found in Supplementary Appendix E and F. Healthcare
costs funded by both the healthcare system and out-of-pocket
expenditures by patients were included. Costs were inflated to
the year 2019 and converted to U.S. dollars to allow compar-
ison between countries using World Bank Conversion rates.*
(Supplementary Appendix G).

Utility Values

Disability weights for each of the four associated diseases
were derived from the 2016 Global Burden of Disease study.?
As the disability weights are stage-specific for cancer and
severity-specific for stroke, the average weight associated with
a prevalent case of the disease was calculated by weighting by
the time spent in each state for cancer and by the severity dis-
tribution of prevalent stroke. (Supplementary Appendix H).

Key Assumptions

A number of assumptions were required for the analysis as is
the case with all modeling studies. Key assumptions are listed
here with additional rationale provided in Supplementary
Appendix 1. Relative risks of death in ST users sourced
from the literature were used to adjust the population-based
mortality rates and the risk was assumed to decrease with
increased time since quitting ST. The same proportional de-
cline in risk with time since quitting as was seen with smoked
tobacco was applied to ST. Relative risks for former users
who quit less than 5 years ago and who quit 5-10 years ago
were estimated (Supplementary Appendix I for more details
about the actual approach taken). The risk returned to that
of never-users 10 years after quitting. The prevalence of each
disease was assumed to be independent of the prevalence of
other diseases and in the presence of multiple diseases, the
disutility was assumed to be additive, given the lack of data
to support otherwise. ST was assumed to not impact mor-
tality or disease prevalence for people aged below 35 years.
The prevalence of former ST users was assumed to remain
at currently reported age- and sex-specific rates over the life
course. Due to data limitations, the impact of ST was assessed
through its association with the four diseases on which the
meta-analyses reported the strongest evidence specific to the
countries of interest.
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Parameter Category Value Confidence Distribution” Reference
interval
Relative risk of mortality vs. non-users
current users 1.25 1.08 to 1.44 Log normal (0.22,0.07) 20
former ST users up to 5 years 1.09 1.03to 1.15 Log normal (0.08, 0.10) 19,20
former ST users 5 to 10 years 1.02 1.01 to 1.04 Log normal (0.02, 0.10) 19,20
former ST users 10 plus years 1.00 equal to non-users 19,20
Relative risk of disease vs. non-users
Esophageal cancer current users 3.17 2.77 to 3.64 Log normal (1.15,0.07)
former users 0—4 years 1.77 1.42to0 2.11 Log normal (0.56,0.10)
former users 5-10 years 1.21 0.98 to 1.45 Log normal (0.18, 0.10)
Oral cancer current users 5.55 5.07 to 6.07 Lognormal (1.71, 0.05) 22
former users 0-4 years 2.61 2.10 to 3.12 Lognormal (0.95,0.10)
former users 5-10 years 1.45 1.16 to 1.73 Lognormal (0.36, 0.10)
Pharyngeal cancer current users 2.69 2.28 t0 3.17 Lognormal (0.99, 0.08) 22
former users 0—4 years 1.56 1.26 t0 1.87 Lognormal 0.44, 0.10)
former users 5-10 years 1.16 0.93 to 1.38 Lognormal (0.14, 0.10)
Stroke current users 1.37 1.14 to 1.84 Lognormal (0.31,0.12) 20
former users 0—4 years 1.13 0.91 to 1.35 Lognormal (0.12, 0.10)
former users 5-10 years 1.04 0.83to 1.24 Lognormal (0.03, 0.10)
Proportion of prevalent strokes incident 10.0% Beta (5, 45) 2
within 1 year
Disutility weights
Oral cancer Males 0.164 0.062 to 0.266 Beta (8.20, 41.80) 21,25,26
15 to 49 years 0.172  0.068 to 0.276 Beta (8.60, 41.40)
50 to 69 years 0.196 0.087 to 0.305 Beta (9.80, 40.20)
70 years and above
Esophageal cancer Females 0.143  0.047 t0 0.239 Beta (7.15,42.85) 21,25,26
15 to 49 years 0.165 0.063 to 0.267 Beta (8.25.41.75)
50 to 69 years 0.191 0.083 to 0.299 Beta (9.55, 40.45)
70 years and above
Pharyngeal cancer Males 0.207  0.096 to0 0.318 Beta (10.35, 39.65) 21,2526
15 to 49 years 0.236  0.119t0 0.353 Beta (11.80, 38.20)
50 to 69 years 0.370  0.237 to 0.503 Beta (18.50, 31.50)
70 years and above
Stroke Females 0210  0.098t00.322  Beta (10.50, 39.50) 2527
15 to 49 years 0.236 0.119t0 0.353 Beta (11.80, 38.20)
50 to 69 years 0.375 0.242 to 0.508 Beta (18.75, 31.25)
70 years and above
Disease costs (U.S. dollars)
Cancer India $2164 $1619 to $2408  Gamma (100, 1523.68) 458,28
Pakistan
Bangladesh $791  $602 to $896 Gamma (100, 667.90)
Incident stroke India $821 $614 to $913 Gamma (100, 578.04) 45.8,28
Pakistan
Bangladesh $601 $458 to $681 Gamma (100, 507.77)
Prevalent stroke” India $82 $39to $114 Gamma (100, 57.80) 458,28
Pakistan
Bangladesh $60 $29 to $85 Gamma (100, 50.78)

“estimated at 10% of the cost of incident stroke. See Supplementary Appendix F for further details.
"beta distributions are represented by alpha and beta, gamma distributions by scale and shape parameters and log normal distributions by the log of the

mean and standard error.

Handling Uncertainty

Probabilistic sensitivity analysis involving Monte Carlo simu-
lation was implemented within the model to assess the effect of
parameter uncertainty on the calculated outcomes using standard
methods and conservative assumptions (Table 1). A set of 5000
estimates of outcomes and costs were drawn and implemented to
estimate the 95% credible intervals for the estimates.

Results

The model predicted that the lifetime healthcare costs of ST
use in Bangladesh, India, and Pakistan would be over US$1.5
billion, US$19 billion, and US$3.3 billion respectively. The
total disease costs attributable to ST for each country by 5-year
cohort for men are presented in Figure 2. For all countries, the
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attributable costs are higher for younger cohorts with costs
declining with increasing age for those over 50. The greatest
costs for men in India were in the 35 to 39-year-old cohort
with total lifetime discounted costs of US$1.803 billion (95 %
credible interval: $1.148 to $2.064 billion). The greatest costs
for men in Bangladesh were for the cohorts ranging from 30
to 44 years of age with costs ranging from US$83 million to
US$85 million over the lifetime of each of the 5-year cohorts.
The attributable costs for men in Pakistan peaked in the 20
to 24-year-old cohort and the 30 to 34-year-old cohort with
costs of US$294 million and US$278 million, respectively.

On average, for a 15-year-old male in India, assuming the
same trajectory of ST use over the life course as is currently
evident, if ST use were eliminated, there would be an estimated
gain of 0.18 life years and 0.19 DALYs averted per individual
within this population. Additionally, savings of US$18.06 in
healthcare spending per individual within the population could
be generated. In Pakistan, the corresponding life year gains and
DALYs averted would be 0.069 and 0.072 per individual, with
healthcare savings of US$20.89. For Bangladesh, the corre-
sponding life year gains and DALYs averted would be 0.18 and
0.19 per individual and healthcare savings of US$7.86.

In both India and Pakistan, oral cancer costs are the largest
contributor to the overall burden of ST. In Bangladesh, how-
ever, attributable treatment costs for stroke are approximately
equivalent to oral cancer for men and are more than double
those of oral cancer for women (Figure 2).

The ST-attributable costs per male individual within the
population are presented in Supplementary Appendix J. In all
three countries the costs per individual are lower in younger
age groups (15 to 29 years), increase to peak in middle age (30
to 59 years), and decline in older age groups (60 plus years),
although not to the same extent as the total attributable costs.
In comparing the trend in total and individual costs, it is ev-
ident that the significant population size at younger ages is
contributing to the large overall burden in these cohorts.

The attributable costs follow a similar pattern for ST burden
in women with the peak burden occurring in the middle-aged
cohorts (30 to 59 years). As expected, due to lower usage of
ST by women in all three countries, the costs for women are
lower than those for men, although still substantial. Peak at-
tributable costs occur in middle-age cohorts from 40 to 49
with total lifetime costs of approximately US$700 million per
5-year cohort for India. The costs in Bangladesh peak slightly
earlier in the cohorts ranging from 30 to 44 years with total
lifetime costs of between US$110 and US$117 million per
S-year cohort. The attributable costs in Pakistan for cohorts
ranging from 15 to 59 years ranged from US$93 million to
US$146 million per 5-year cohort. When comparing the total
costs with the costs per individual, a similar pattern to that
seen in men emerges with the ratio of costs in the younger
cohorts (15 to 29 years) relative to the middle-aged cohorts
(30 to 59 years) being larger due to lower relative costs
in younger cohorts. This again points to the impact of the
greater population in younger age ranges on the total costs.

When burden is measured in disability-adjusted life years
(DALYs5) lost, in India it increases from 11.6 million in the 15
to 19-year cohort, peaking in the 35 to 39-year male cohort
at approximately 19 million DALY lost and then declines in
older cohorts (see Supplementary Appendix H, and for credi-
bility intervals, Supplementary Appendix M). When examining
the DALYs lost per individual, this decline in the older age
brackets is not seen, suggesting that the overall burden decline

is due to reduced population at older ages (60 plus years). The
DALYs lost per individual are lower for younger cohorts but
comparable for middle and older cohorts due to the impact
of discounting. (Supplementary Appendix L). A similar pat-
tern is seen in Bangladesh with the burden ranging from ap-
proximately 1.4 million DALY lost in the 15- to 19-year male
cohort to a peak of approximately 2.1 million DALYs lost in
the 40 to 44 years cohort. The results for Pakistan are more
variable across the age brackets ranging from 621 000 to
1022 000 DALYs lost per S-year male cohort in ages ranging
from 15 to 59 and again declining in older ages.

For women in India, the pattern over the age cohorts is
similar, but with the peak burden occurring slightly later in
the 45 to 49 years cohort and the magnitude of the DALY
burden is less than half that seen in men. In Bangladesh, there
is a similar pattern of DALY lost across the age cohorts in
men and women; however, unlike in India, the DALY lost is
slightly higher in women as compared with men. The attrib-
utable DALYs lost in Pakistan for women is more variable
across the age cohorts with peaks in the 40 to 44 and the 50
to 54 aged cohorts and, similar to India, a lower burden for
women as compared with men.

The proportion of the overall cost burden that is attrib-
utable to those in each cohort who are currently non-users,
current users, and former users are presented in Figure 3. For
all countries, for both men and women in the younger age
brackets the greater part of the burden is born by those who
are not current users of ST, but go on to initiate ST use at
some point in the future. In older age cohorts (55 years and
older), the burden is borne primarily by current users. The
shift in burden from non-users to current users occurs in the
middle-age cohorts (30 to 59 years), although the point at
which this occurs differs by sex and between countries. In
general, women non-users bear the greater part of the burden
further into middle age than men.

Discussion

New Knowledge and Policy Implications

This is the first study to comprehensively estimate the attrib-
utable burden of ST for South East Asian countries through
modeling the impact on health, quality of life, and healthcare
costs borne by S-year age- and sex-specific cohorts over the
life course. If the current usage patterns and policy status quo
continue, ST is currently and will be even more so in the fu-
ture, responsible for significant mortality and morbidity. The
overall (absolute) burden is greatest for India due to the size of
its ST users, with the highest burden borne by those in middle
age, although per individual (relative) burden is comparable
across the three countries. The burden is almost double for
men compared with women in India and Pakistan; however,
in Bangladesh, the burden is generally slightly greater for
women compared with men.

With respect to age, current non-users in younger age
ranges—who the model predicts will go on to take up ST in
the future under the existing policy landscapes—account for a
greater portion of the healthcare costs than current users. This
is unlike in middle age where current users bear the largest
share of the costs. The lower lifetime costs in the younger
cohorts are due to the time delay in developing ST-related
diseases (individuals must use ST for a period of time before
they develop disease) and due to the impact of discounting
on future costs and outcomes. Better understanding of the
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Figure 2. Lifetime discounted costs attributable to smokeless tobacco (US$, thousands).

dynamics of the healthcare costs of ST within the populations
thus allows for improved targeting of interventions. For ex-
ample, in younger age cohorts, more may be gained through
targeting non-users with interventions aimed at reducing up-
take of ST whereas in middle age interventions targeted at
cessation may be most efficient.

The current analysis has focused on estimation of the
total healthcare costs associated with ST which has been

shown to be substantial. Although the figures presented as
healthcare costs are large, they are in fact conservative as
cautious approaches were applied in selecting the best avail-
able estimates of relative risks and unit costs to model the
outcomes. Nuances around the overall healthcare costs are
important to consider, particularly in relation to how such
a burden is being distributed to various age and sex groups.
Clearly, interventions aimed at reducing uptake and increasing
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Figure 3. Proportion of costs attributable to non-users, current users and former users of smokeless tobacco.

discontinuation of ST have the potential to positively impact
health and reduce associated healthcare spending if they are
shown to be effective and cost-effective.

Comparison With the Literature

In an Indian study, the economic burden of ST was estimated
at US$285 million for the year 2004 including only direct
medical costs of treating tobacco-related disease.* Indirect
costs of ST, which include the cost of caregivers and value

of work loss due to illness, amounted to US$104 million. A
more recent study published in 2014 estimated the annual
burden for 2011 of direct medical costs associated with ST in
India at just over US$800 million.?” The attributable cost of
all tobacco (smoked and smokeless) has also been estimated
for Bangladesh at BDT 305.6 billion for 2018 (~US$3.6 bil-
lion) including both public and private healthcare expend-
iture, lost productivity costs for patients and caregivers
and the costs associated with premature mortality.’® The
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burden for 2016 has also been estimated for the whole of
the World Health Organizations Southeast Asian Region D
as 5 366 257 DALYs lost, of which India accounts for 74%
and Bangladesh 5%.3! Differences in the methodological ap-
proach taken for these studies versus the current study make
a direct comparison of the results unrealistic. A key difference
to note is that our model-based estimates are lifetime (as op-
posed to just the annual) burden of ST involving current and
future use as well as relapsing behaviors counted together. In
addition, our model offers a unique opportunity to provide
the baseline against which countries can measure the impact
of any ST policy changes in the future.

Study Limitations

There are potential limitations to this study many of which
are related to data availability. Economic modeling studies
specific to India, Bangladesh, or Pakistan are limited within
the literature, and we found no previous studies specific to
ST. A contributing factor to this scarcity may be the chal-
lenge of locating appropriate data with which to populate the
model. Specifically, the significant portion of costs borne by
individuals in addition to challenges in attaining estimates of
the government expenditure per case of disease meant that
there is substantial uncertainty in the values used within the
model. Lack of data regarding lost productivity and caregiver
costs is likely to result in an underestimation of the true burden
of ST. Although majority of input data were country-specific,
some cost data (particularly for Pakistan) was not available
and assumptions were needed to be made in such cases. This
uncertainty may be reduced in future studies through either
the conduct of costing studies or through increasing access to
government costing data.

The burden of ST estimated within the current model is
based only on four diseases for which considerable evidence
is available to support the association with ST. Furthermore,
one of the meta-analyses that provided model input data was
based on South East Asian population. There are additional
diseases (eg, cardiovascular disease and gastric cancer) for
which there is evidence of an increased risk of ST; however,
they were not included as the studies were not conducted on
the relevant populations of this analysis or the quality of the
evidence was not adequate.??3? As such, the estimated cost is
likely an underestimate of the true extent of the burden of ST.

Although from each country’s Global Adult Tobacco
Surveys survey, it is evident that there are significant
differences in the extent of use of different types of ST both
between countries and between different regions within coun-
tries, the association between ST and disease was informed by
values that were not specific to individual types of ST. There is
evidence within the literature suggesting differential toxicities
associated with different types of ST; however, the evidence
was too limited to allow inclusion within the model.

A number of assumptions were required to estimate the
risk of disease and mortality in those who had quit ST due
to the lack of data on the reduction in risk with time since
quitting. Should more data become available regarding how
the risk changes over time, this would improve the accuracy
of the predictions of the model.

Conclusion

This study estimated lifetime healthcare costs and declined
quality of life of ST use in Bangladesh, India, and Pakistan.

Coyle et al.

The estimated substantial lifetime costs of ST use can be
interpreted as the costs that would be accrued if there were
no changes in the current ST policies. Positive changes in the
current ST policies are needed to: (1) prevent people living in
all three study countries from continuing to bear substantial
burden of ST, both in terms of healthcare costs and declined
quality of life; (2) avoid young people who are current non-
users of ST to carry the most burden as they are predicted to
take up ST at some point in their life; and (3) prevent women
bearing the increasing burden of ST use.
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Supplementary material is available at Nicotine and Tobacco
Research online.
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