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INTRODUCTION 
Tobacco-related mortality is the highest cause of 
preventable death worldwide1, with both direct and 
secondhand smoking (SHS) causing significant 

harm2,3. Cigarette smoking is a well-established 
carcinogen for humans, and multiple cancers 
including lung, head and neck, upper digestive tract, 
kidney, and bladder, are well known for their strong 
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ABSTRACT
INTRODUCTION To determine the correlation between tobacco control policies and 
mortality of haematological malignancies: leukemia, lymphoma and multiple 
myeloma (MM).
METHODS Ecological study with the countries as the unit of analysis. Tobacco Control 
Scale (TCS) scores from 2010, 2013 and 2016 were used as measures for the level 
of tobacco control policy implementation in 27 European countries. Mortality 
rates for leukemia, lymphoma, and MM, were obtained from the WHO Mortality 
Database and the European Cancer Information System for each country for 
2010, 2013, 2015 and 2018. Correlation between yearly TCS scores and mortality 
rates from the same and prospective years were calculated using Spearman’s rank 
correlation coefficients (r

sp
) and 95% confidence intervals (95% CI) (2010 TCS 

scores vs 2010, 2013, 2015, 2018 mortality rates; 2013 TCS scores vs 2013, 2015, 
2018 mortality rates; and 2016 TCS scores vs 2018 mortality rates). 
RESULTS The 2010 TCS scores were significantly negatively associated with 
leukemia mortality rates in 2013 (r

sp
=-0.58; 95% CI: -0.79, -0.24; p=0.002), 

2015 (r
sp

=-0.65; 95% CI: -0.85, -0.30; p=0.001) and 2018 (r
sp

=-0.44; 95% CI: 
-0.71, -0.06; p=0.021). TCS scores from 2013 and 2016 had significant negative 
associations with leukemia mortality in all prospective years. TCS scores did not 
demonstrate consistent correlations with lymphoma and MM mortality.
CONCLUSIONS The level of tobacco control policies in European countries correlates 
negatively with leukemia mortality at ecological level, with no correlation seen 
for lymphoma and MM. This study advocates that increased tobacco control 
implementation may improve leukemia mortality.
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association with smoking4. 
The role of smoking as a risk factor for the 

development of haematological malignancies is 
established. Both adult and parental smoking are 
risk factors for adult5 and childhood leukemias6. 
However, the role smoking plays in lymphoma 
and multiple myeloma (MM) is less clear, with 
inconsistent associations observed7,8.

Previous ecological studies have demonstrated 
national tobacco control policies have impacts on 
smoking prevalence9,10, tobacco consumption and 
cessation11,12, SHS exposure10, and attitudes towards 
smoking regulations10,13. The effects of tobacco 
control on disease have also been demonstrated, with 
the implementation of stronger policies associated 
with lower rates of lung cancer14 and preterm 
births15.

We aimed to assess the correlation between the 
implementation of tobacco control policies and 
mortality from haematological cancers across 27 
European countries.

METHODS
This is an ecological study with each country as 
the unit of analysis. The 27 European countries 
included were: Austria, Belgium, Bulgaria, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Poland, 
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, 
and the United Kingdom. 

The degree of tobacco control policies for each 
European country was measured using the Tobacco 
Control Scale (TCS)16,17. The TCS is a tool developed 
in 2006 to quantify the implementation of strategies 
directed at reducing tobacco use at the country 
level. The scale allocates points (maximum 100) for 
implementation of six key policies including: taxation 
of tobacco products, bans/restrictions of public and 
workplace smoking, bans on smoking advertising, 
improvement of the information provider to tobacco 
consumers, adoption of health warnings of tobacco 
product boxes, and smoking cessation treatments. 
TCS scores for the years 2010, 2013 and 2016 were 
obtained for the 27 European countries.

Mortality data were calculated for leukemia, 
lymphoma and MM across the 27 European 
countries. Rates for 2010, 2013 and 2015 were 

obtained from the World Health Organization 
(WHO) Mortality Database18. Age-standardized 
rate (ASR) was calculated using the WHO standard 
population19. For 2018, mortality data were 
obtained from the European Cancer Information 
System (ECIS) website20. Estimated mortality data 
were calculated from the International Agency for 
Research on Cancer (IARC) using historical data 
on incidence and mortality from the WHO Mortality 
Database21.  ASR was obtained for leukemia and MM, 
with crude mortality rates used for lymphoma. 

We calculated Spearman’s rank correlation 
coefficients (r

sp
) and 95% confidence intervals (95% 

CI) between scores in the TCS for 2010, 2013 
and 2016 and mortality rates for haematological 
cancers for 2010, 2013, 2015 and 2018 for the 27 
countries. TCS scores for each year were correlated 
with mortality rates from the same and prospective 
years (i.e. TCS scores from 2010 were analyzed with 
mortality data from 2010, 2013, 2015 and 2018; TCS 
scores from 2013 were analyzed with mortality data 
from 2013, 2015 and 2018; and TCS scores from 
2016 were only analyzed with mortality data 2018).  
For leukemia, we conducted linear regression 
between age-standardized mortality (ASM) and TCS 
score year by year. Beta coefficients representing 
change in ASM per 10-point increase in TCS score 
were calculated with 95% confidence intervals.

RESULTS
Table 1 shows the year-by-year correlations 
between TCS scores and mortality rates for each 
haematological cancer. TCS scores ranged from 32 
to 88. Ranges for age-standardized mortality rates 
(per 100000 persons) were 2.4–5.9 for leukemia, 2.2–
3.7 for lymphoma and 0.5–2.4 for MM. Significant 
negative correlations were demonstrated between 
TCS scores and leukemia mortality. TCS scores 
from 2010 showed significant negative correlation 
with leukemia  mortality in 2013 (r

sp
=-0.58; 95% 

CI: -0.79, -0.24; p=0.002), 2015 (r
sp
=-0.65; 95% CI: 

-0.85, -0.30; p=0.001) and 2018 (r
sp
=-0.44; 95% CI: 

-0.71, -0.06; p=0.021). Similarly, significant negative 
associations were observed for 2013 TCS scores and 
leukemia  mortality for 2013 (r

sp
=-0.58; 95% CI: 

-0.79, -0.24; p=0.002), 2015 (r
sp

=-0.51; 95% CI: 
-0.77, -0.10; p=0.002) and 2018 (r

sp
=-0.50; 95% CI: 

-0.75, -0.14; p=0.010); and between 2016 TCS scores 
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TCS 2010 
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-0.23 (-0.44, -0.01), p=.041 

-0.28 (-0.53, -0.03), p=.028 

-0.35 (-0.62, -0.07), p=.016 

-0.25 (-0.50, -0.001), p=.049 

-0.31 (-0.54, -0.08), p=.010 

-0.33 (-0.60, -0.05), p=.021 

-0.32 (-0.55, -0.09), p=.007 

-0.24 (-0.50, 0.01), p=.059 

Figure 1. Linear regression beta coefficients and 95% confidence interval (95% CI) representing change 
in leukemia  age-standardised mortality rates (2010, 2013, 2015, 2018) per 10-point increase in Tobacco 
Control Scale (TCS) score (2010, 2013, 2016) in 27 European countries

Table 1. Spearman correlation coefficients (rsp) and 95% confidence interval between Tobacco Control Scale 
(TCS) scores (2010, 2013, 2016)a and mortality rates (2010, 2013, 2015, 2018) for leukemia, lymphoma and 
multiple myeloma in 27 European countries (2010 TCS scores vs 2010, 2013, 2015, 2018 mortality rates; 
2013 TCS scores vs 2013, 2015, 2018 mortality rates; 2016 TCS scores vs 2018 mortality rates)

Malignancies 2010b 2013b 2015b 2018c

Leukemia

TCS 2010 -0.35 (-0.65, 0.04)
p=0.070

-0.58 (-0.79, -0.24)
p=0.002

-0.65 (-0.85, -0.30) 
p=0.001

-0.44 (-0.71, -0.06)
p=0.021

TCS 2013 - -0.58 (-0.79, -0.24)
p=0.002

-0.51 (-0.77, -0.10)
p=0.002

-0.50 (-0.75, -0.14)
p=0.010

TCS 2016 - - - -0.40 (-0.68, -0.01)
p=0.040

Lymphoma

TCS 2010 0.36 (-0.06, 0.67)
p=0.080

0.48 (0.10, 0.74)
p=0.014

0.35 (-0.11, 0.68)
p=0.123

0.33 (-0.07, 0.64)
p=0.089

TCS 2013 - 0.28 (-0.14, 0.61)
p=0.170

0.19 (-0.27, 0.59)
p=0.399

0.09 (-0.34, 0.46)
p=0.669

TCS 2016 - - - 0.09 (-0.31, 0.47)
p=0.650

Multiple myeloma

TCS 2010 0.29 (-0.14, 0.62)
p=0.166

0.47 (-0.08, 0.73)
p=0.016

0.10 (-0.36, 0.52)
p=0.657

0.14 (-0.26, 0.50)
p=0.479

TCS 2013 - 0.20 (-0.21, 0.56)
p=0.320

-0.05 (-0.48, 0.40)
p=0.825

-0.12 (0.49, 0.28)
p=0.560

TCS 2016 - - - -0.05 (-0.43, 0.35)
p=0.806

a Tobacco Control Scale (TCS) scores and age standardized mortality rates obtained from 27 European countries (Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden 
and the United Kingdom). b Definitive age standardized mortality rates for 2010, 2013 and 2015 obtained from WHO Mortality Database18. c Estimated mortality rates for 2018 
from European Cancer Information System. Age standardized rates were obtained for leukemia and multiple myeloma; crude mortality rates were obtained for lymphoma20.
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and 2018 leukemia  mortality rates (r
sp

=-0.40; 95% 
CI: -0.68, -0.01; p=0.040). No consistent significant 
correlations were observed between TCS scores and 
lymphoma and MM mortality rates. In further analysis, 
we conducted linear regression for TCS scores and 
age-standardized leukemia  mortality. Estimates for 
changes in leukemia  ASM per 10-point increase in 
TCS scores are shown in Figure 1. Consistent negative 
beta coefficients were seen (range: -0.24, -0.35), with 
significant decreases seen between TCS scores from 
2010 and 2013 and leukemia  mortality in 2010, 2013, 
2015 and 2018.

DISCUSSION
This is the first study to establish the correlation 
between tobacco control policies and haematological 
malignancy in Europe. We observe increasing tobacco 
control measures have a negative association with 
mortality from leukemia, with significant decreases 
in mortality seen per 10-point increase in TCS score. 
In contrast, we observed no consistent association 
between tobacco control measures and lymphoma 
and MM mortality.

Tobacco control policies lead to a reduction in 
tobacco usage.  Two studies across 27 European 
countries have demonstrated that increased TCS 
scores were associated with decreased smoking 
prevalence and high rates of smoking cessation and 
intention to quit11,12, with reduced rates of smoking 
and SHS observed longitudinally as well22. With 
the established role of smoking as a risk factor for 
leukemia, it stands to reason that increased TCS 
scores will lead to a decrease in leukemia  mortality.

Acute myeloid leukemia  (AML) is the most 
common acute leukemia  and is also the most 
strongly linked with smoking23. A recent meta-
analysis demonstrated a 40% increase in the risk 
of AML in current smokers, and a 27% increase 
in AML risk in ever smokers5. The same meta-
analysis also showed a direct association between 
intensity and duration of smoking and the risk of 
AML. Moreover, recent data from a Danish National 
Leukemia  Registry revealed that smoking status was 
associated with an inferior overall survival in patients 
with AML who underwent intensive treatment24. 
Acute lymphoblastic leukemia  (ALL) is rare in the 
adult population in comparison to AML, whereas 
it accounts for approximately 80% of childhood 

leukemia  diagnoses25. As such, there are few data on 
smoking and the risk of adult-onset ALL. However, a 
recent meta-analysis has demonstrated an association 
between paternal smoking both pre-conception and 
during pregnancy, and subsequent development of 
childhood ALL.

There are multiple biological mechanisms to 
account for this link. Cigarette smoking exposes 
the bone marrow to benzene, which is a potent 
carcinogen associated with leukemogenesis26. 
Furthermore, smoking has been shown to reduce the 
number of circulating CD34+ progenitor cells, a key 
element of the haematopoetic system27.

Whilst multiple mechanisms exist to explain the 
link between smoking and leukemia, there remains 
a lack of clarity regarding the time lag between 
smoking exposure and leukemia  development. 
This is difficult to establish as the development of 
acute leukemia  follows a step-wise process where 
a combination of mutations or lesions leads to an 
expansion of a sub-clone of neoplastic cells after a 
variable latency period28. Nonetheless, studies have 
attempted to establish temporal associations between 
smoking exposure and leukemia  development. A 
population-based case-control study in Germany29 
found a positive trend in the development of 
acute non-lymphocytic leukemia  in patients with 
smoking exposure in the prior 2 to 10 years before 
diagnosis, with no such trend identified for smoking 
exposure in the prior 10 to 20 years before diagnosis. 
Furthermore, pre-conception paternal smoking is 
associated with childhood ALL up to 5 years old30. 
The timeframe of our study is in line with this 
latency period and would therefore capture the effect 
of changing tobacco control policies on leukemia  
mortality.

Studies investigating the role of tobacco in 
lymphoma and MM development are inconsistent. 
Non-Hodgkin’s lymphoma (NHL) accounts for 
the majority of lymphoma diagnoses, with multiple 
histopathological subtypes with varying disease 
courses. Due to the heterogenous nature of NHL, 
conclusions regarding smoking as a risk factor 
are difficult to interpret. Though the subtype 
follicular lymphoma demonstrates an association 
with smoking, more prominent in females, a lack of 
consistent association was seen in other subtypes31. 
MM is a plasma cell malignancy where the aetiology 
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is yet to be fully established. Cigarette smoking 
has not been implicated as a risk factor, with 
studies such as a recent pooled analysis led by the 
Multiple Myeloma Consortium failing to show any 
association32. We observed significant associations 
between mortality for lymphoma and MM in 
2013 and TCS scores in 2013, but no consistent 
correlations between tobacco control and lymphoma 
and MM related mortality, consistent with previous 
studies.

Limitations
The main limitation of the study is the ecological 
design. Correlations observed could be due to 
confounding factors, demonstrated to be risk factors 
for haematological malignancy, such as socioeconomic 
status33, alcohol intake34, and access to cancer therapy. 
There may be a wide range of overlapping factors 
affecting the effectiveness of tobacco control policies 
and public health policies related to haematological 
malignancy.  These may range from contextual factors, 
such as national socioeconomic and demographic 
distributions, to general policy approaches to 
education and equity. More specific factors, including 
fiscal policies (for instance taxation affecting smoking 
and alcohol purchasing) and healthcare system 
approaches (affecting both tobacco cessation and 
cancer prevention and treatment) may also contribute 
to confounding. Moreover, the ecological study does 
not allow us to extrapolate the associations found at 
the country level to individuals (causality). Similarly, 
cancer mortality rates for 2018 were obtained 
from estimates from historical data, and potentially 
inaccurate. However, correlations observed for 2018 
mortality rates were consistent with other years.

CONCLUSIONS 
This study demonstrates, at the ecological level, that 
tobacco control is inversely correlated with leukemia  
mortality. There was no consistent association 
between tobacco control and lymphoma or multiple 
myeloma mortality. These findings advocate the 
implementation of public health strategies to increase 
tobacco control policies to reduce leukemia  mortality. 
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