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ABSTRACT

Background: The aim of this study was to analyze the impact of tobacco smoking 
on the risk of developing 25 different cancers in patients followed for up to 30 years 
in general practices in the UK. 

Methods: This study included all individuals with at least one visit to one of 
196 general practitioners’ offices in the UK between January 1988 and December 
2008 (index date). Only individuals with documented smoking status were included. 
Smokers and non-smokers were matched (1:1) by age, gender, index year, body 
mass index, and physician. The main outcome of the study was the risk of cancer as 
a function of smoking status. Data regarding a total of 25 cancers were available for 
the present analysis. The risk of cancer was analyzed using Cox’s regression model.

Results: The present retrospective study included 211,005 smokers and 211,005 
non-smokers. The mean age was 36.5 years (SD = 12.5 years) in men and 34.3 
years (SD = 13.1 years) in women. There was a slightly positive association between 
smoking and any cancer in both men (HR = 1.07) and women (HR = 1.03). Smoking 
was further found to be positively associated with several cancers, such as liver 
cancer, bladder and kidney cancers, pancreas cancer, and lymphoma. By contrast, 
the use of tobacco was negatively associated with the risk of developing skin cancer, 
prostate cancer, multiple myeloma, endometrial carcinoma, or breast cancer. 

Conclusions: Smoking increased the overall risk of cancer in primary care 
practices in the UK. In addition, smoking was predominantly positively and less 
frequently negatively associated with numerous specific cancers.
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INTRODUCTION

In 2015, more than 1.1 billion individuals worldwide 
smoked tobacco [1]. The prevalence of adult smoking was 
around 16% in the UK in 2016, this number being higher 
in men (17.7%) than in women (14.1%) [2]. The effects 
of smoking on health are considerable in this country, as 

smoking is the leading cause of preventable death and is 
responsible for approximately 80,000 deaths annually [2].

Several longitudinal studies in recent years 
have focused on the impact of smoking on the risk 
of developing cancer. A 2001 study conducted in the 
Netherlands which included more than 1,100 patients 
from hospital showed that smoking was significantly 
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positively associated with cutaneous squamous cell 
carcinoma, the risk being higher in current smokers than 
in former smokers [3]. Later, researchers from Denmark 
found in nearly 20,000 individuals followed for up to 31 
years that a reduction by 50% in cigarette smoking led 
to a decrease in the subsequent risk of being diagnosed 
with lung cancer [4]. More recently, an European study 
estimated that the proportion of tobacco-related cancers 
attributable to cigarette smoking was around 35%, with 
cancers of the lung and the larynx exhibiting the highest 
attributable fraction [5].

Although these findings are of great importance, 
only few works were based on recent data from primary 
care practices. Furthermore, since most of the previous 
studies investigated either cancer in general or cancers 
frequently associated with cigarette smoking, such as lung 
tumors, little is known about the association between the 
use of tobacco and less frequent cancers (i.e. lymphoma, 
stomach cancer, and kidney cancer). Therefore, our goal 
was to analyze the impact of tobacco smoking on the risk 
of developing 25 different cancers in patients followed for 
up to 30 years in general practices in the UK. 

RESULTS

After 1:1 matching, the present retrospective study 
included 211,005 smokers and 211,005 non-smokers 
(Figure 1). The mean age was 36.5 years (SD = 12.5 
years) in men and 34.3 years (SD = 13.1 years) in women 
(Table 1). A total of 48.8% of participants were men and 
51.2% were women. After 30 years of follow-up, 20.0% 
of male smokers, 19.0% of male non-smokers, 17.0% of 
female smokers, and 14.9% of female non-smokers had 
developed any of the included types of cancer (Figure 
2). Lung cancer diagnoses were found in 2.96% of male 
smokers, 0.22% of male non-smokers, 2.31% of female 
smokers, and 0.15% of female non-smokers (Figure 3). 

The results of the multivariate regression models 
conducted in men and women are displayed in Tables 2 
and 3. In the overall male population, a positive association 
between smoking and any of the included types of 
cancer was found (HR = 1.07). In addition, smoking was 
positively associated with 11 cancers (bronchus and lung: 
HR = 9.92; larynx: HR = 5.17; liver: HR = 2.83; nasal 
cavity, middle ear, sinuses: HR = 2.61; bladder: HR = 2.32; 
lip, oral cavity, and pharynx: HR = 2.12; esophagus: HR = 
1.97; pancreas: HR = 1.83; stomach: HR = 1.40; kidney: 
HR = 1.26; and lymphomas: HR = 1.24), and negatively 
associated with three cancers (skin: HR = 0.74; prostate: 
HR = 0.71; multiple myeloma: HR = 0.67). 

Female smokers exhibited a 1.03-fold increase 
in the risk of developing any of the included types of 
cancer compared to non-smokers. Moreover, ten cancers 
(bronchus and lung: HR = 14.06; larynx: 4.86; bladder: 
HR = 2.75; esophagus: HR = 2.55; nasal cavity, middle 
ear, sinuses: HR = 2.47; vulva/vagina: HR = 1.91; cervix 

uteri: HR = 1.83; stomach: HR = 1.67; pancreas: HR = 
1.63; and lip, oral cavity, and pharynx: HR = 1.43) were 
positively and three cancers (corpus uteri: HR = 0.60, 
skin: HR = 0.74; breast: HR = 0.92;) negatively associated 
with the use of tobacco. 

DISCUSSION

The present study conducted in the UK, which 
included more than 422,000 individuals followed for up to 
30 years, showed that smoking was positively associated 
with 13 different types of cancers, in particular with liver 
cancer, bladder and kidney cancers, pancreas cancer, and 
lymphoma. By contrast, the use of tobacco was negatively 
associated with the risk of developing skin cancer, prostate 
cancer, multiple myeloma, cancer of corpus uteri, or breast 
cancer. 

One interesting finding of this study using real-
world data from the UK [6] is that smoking increased 
the risk of liver cancer in men. In a 2006 meta-analysis 
of 23 studies conducted in Japan, Tanaka and colleagues 
estimated that cigarette smoking increased the risk of 
primary liver cancer, although viral hepatitis and its 
interaction with smoking might play an important role 
[7]. Three years later, researchers from France found in 
another meta-analysis of 38 cohort studies and 58 case-
control studies that current smokers displayed a 1.5-fold 
and former smokers a 1.1-fold increase in the risk of liver 
cancer when compared to never-smokers [8]. Several 
tobacco components (i.e. N-nitrosodimethylamine, 
4-Aminobiphenyl, arsenic, and vinyl chloride) are known 
liver carcinogens and could explain this association [8].

We further showed that smoking was a risk factor 
for bladder cancer, with hazard-ratios being slightly 
higher in women than in men. In 2004, Quirk et al. 
observed in a U.S. population that there was a positive 
association between the use of tobacco and bladder 
cancer and that gender did not modify this association [9]. 
Another study with a total of more than 4.5 million years 
of follow-up found that the risk for this cancer was higher 
in former and current smokers than in never-smokers 
[10]. Although the prevalence of urothelial carcinoma of 
the bladder is low [11], these studies clearly underline the 
need for regular urological management and screening 
of smokers. In the case of kidney cancer, tobacco was 
found to be a significant risk factor only in men. In 
2014, Washio and colleagues estimated that smoking, 
consumption of fatty foods, hypertension, diabetes 
mellitus, and obesity increased the odds of kidney cancer 
death in a Japanese population [12]. Interestingly, another 
work observed that smoking had a significant impact on 
renal cell carcinoma only in patients without obesity and 
hypertension [13]. Since our analysis was not adjusted for 
these variables, it is possible that they partially explain 
the gender difference in the association between smoking 
and kidney cancer. 
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Another major result is that smoking was positively 
associated with the risk of pancreatic cancer. In 2009, 
Brand et al. showed that current smokers were diagnosed 
with pancreas cancer six to eight years sooner than never-
smokers [14]. That same year, Lynch and colleagues 
found in a pooled analysis including more than 3,000 
participants that smoking led to a 1.8-fold increase in the 
risk of pancreatic cancer and that there was a positive 
correlation between smoking intensity and this risk [15]. 
The authors further underlined the fact that the odds of 
being diagnosed with pancreatic cancer were similar for 
former smokers who had stopped smoking more than 15 
years ago and never-smokers. Pancreatic adenocarcinoma 
is one of the leading causes of cancer death in the world, 

and cigarette smoking seems to be one of the most 
consistent environmental risk factors for the development 
of this type of cancer. Nevertheless, screening, early 
detection, and treatment still pose considerable challenges. 
Therefore, primary care physicians need to consider this 
information while performing checkups in smokers.

This study also showed an association between 
smoking and lymphoma. In 2003, Morton et al. estimated 
in a case-control study including 1,319 patients that 
cigarette smoking had a significant impact on the risk of 
follicular lymphoma but not on the risk of all non-Hodgkin 
lymphoma subtypes [16]. These results were corroborated 
two years later in a pooled analysis, as cigarette smoking 
consistently increased the odds of developing follicular 

Figure 1: Selection of study patients.
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lymphoma [17]. The effects of tobacco on non-Hodgkin 
lymphoma are likely mediated via somatic mutations such 
as the (14;18) translocation involving the immunoglobulin 
heavy chain gene on chromosome 14 and the bcl-2 gene 
on chromosome 18, but also via immunosuppression such 
as a decrease in the responsiveness of T cells. Kamper-

Jørgensen and colleagues showed that there was a 1.1-
fold increase in the risk of being affected by Hodgkin 
lymphoma in ever-smokers compared to never-smokers 
[18]. These findings are in line with previous research 
which found that the risk of Hodgkin lymphoma increased 
with the number of cigarette packs per day, this association 

Figure 2: Kaplan–Meier curves for time to diagnosis of any cancer in men and women in the smoking and non-
smoking groups.

Table 1: Baseline characteristics of study patients after 1:1 matching by age, gender, body mass index, index year, and 
physician

Variable Men Women
Smokers (%) Non-smokers (%) Smokers (%) Non-smokers (%)

Age at index date
Age (mean, SD) 36.5 (12.5) 36.5 (12.5) 34.3 (13.1) 34.3 (13.1)
Age ≤30 38.2 38.2 48.2 48.2
Age 31–40 27.4 27.4 22.5 22.5
Age 41–50 19.3 19.3 16.1 16.1
Age 51–60 10.4 10.4 8.5 8.5
Age 61–70 4.7 4.7 4.7 4.7
BMI (mean, SD) 26.5 (4.4) 26.5 (4.4) 25.7 (5.5) 25.7 (5.5)
BMI ≤20 3.8 3.8 11.7 11.7
BMI 21–25 36.7 36.7 42.8 42.8
BMI 26–30 41.4 41.4 26.9 26.9
BMI 31–35 13.6 13.6 11.8 11.8
BMI >35 4.5 4.5 6.8 6.8
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being of particular importance for mixed cellularity 
subtypes [19]. Similarly to non-Hodgkin lymphoma, it is 
possible that carcinogenesis and immune dysregulations 
play major roles in the relation between the use of tobacco 
and Hodgkin lymphoma [18, 19]. 

Finally, in the present work, tobacco smoking had 
a positive impact on the odds of developing bronchus 
and lung cancer, larynx cancer, nasal cavity, middle 
ear, sinuses cancer, lip, oral cavity and pharynx cancer, 
esophagus cancer, and stomach cancer. These findings 
are in line with those of numerous previous studies 
[20–24].

We also showed that smoking was negatively 
associated with skin cancer, prostate cancer, multiple 
myeloma, cancer of the female genital organs, and breast 
cancer. These last findings must be interpreted with great 
caution. In a 2001 study conducted in the Netherlands, the 
risk of cutaneous squamous cell carcinoma was increased 
by tobacco smoking [3]. More recently, in a 2017 study 
including almost 44,000 individuals, Dusingize et al. 
found an increased risk of squamous cell carcinoma (HR 
= 2.3) and a decreased risk of basal cell carcinoma (HR = 
0.6) in current smokers compared to never-smokers [25]. 
Finally, recent research suggests that previous and current 
smoking have a negative but non-significant impact on 
melanoma [26]. Since basal cell carcinomas are more 
frequent than squamous cell carcinoma and melanoma in 
the general population [27], our results could indirectly 
reflect the negative association between smoking and 
basal cell carcinoma. 

A recent meta-analysis of 24 cohort studies 
showed that the risk of incident prostate cancer was not 
significantly increased in current smokers compared 
to never-smokers, even if results were significant when 
data were stratified by the amount of cigarettes [28]. 
In addition, another work based on biopsy data later 
estimated that both total and low-grade prostate cancers 
were not significantly associated with current and past 
smoking [29]. However, Rohrmann and colleagues 
observed in 2013 that current smokers had a reduced 
risk of prostate cancer compared with never-smokers 
[30]. Based on these contradictory findings, the negative 
association between smoking and prostate cancer found in 
the present retrospective study should be considered with 
caution. Since our regression analysis was not adjusted for 
common risk factors for the development of this cancer 
(i.e. ethnicity, family history, and diet), it is possible that 
this finding is biased. Similar precaution must be taken 
when analyzing the association between smoking and 
multiple myeloma, as recent data did not yield significant 
results [31]. 

Finally, we showed that female smokers were less 
likely to be diagnosed with breast and endometrial cancers 
than non-smokers. These findings are difficult to interpret, 
as other studies have found opposite results in recent 
decades. Although there was little evidence for a positive 
association between smoking and breast cancer in cohort 
studies published in the 1990s [32], more recent data found 
that smokers exhibited an increased risk for this cancer 
when compared to never-smokers [33]. In our work, the 

Figure 3: Kaplan–Meier curves for time to diagnosis of lung cancer in men and women in the smoking and non-
smoking groups.
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impact of smoking on breast cancer was not significant 
in women aged 50–80 years, suggesting that age might 
be of particular importance for this association. The 
importance of tobacco in the development of endometrial 
cancer has been the focus of several studies in different 
settings [34, 35]. Interestingly, a 2008 meta-analysis of 34 
studies noted that endometrial cancer, which is considered 
as one of the most common female genital tumors, was 
negatively associated with ever smoking [34]. Another 
work published in 2014 corroborated these results, as 
the risk of endometrial cancer was reduced in former and 
current smokers when compared to never-smokers [35]. 
This association was not significantly impacted by tumor 
characteristics and any endometrial carcinoma risk factor. 

This study is subject to several limitations which 
should be acknowledged at this point. Firstly, the 

assessment of cancer diagnoses relied solely on ICD 
codes entered by primary care physicians. However, the 
documentation was complete and general practitioners in 
the UK are usually very well informed about the health 
status of their patients, with many of them following 
patients from childhood through adulthood. Patients 
change physicians less frequently than in other European 
countries. Secondly, the mean age of patients was 
low at the index date, which may explain why cancer 
incidence was found to be low in the present analysis. 
This is likely due to the fact that most patients in the UK 
are registered in general practices for the first time as 
children, adolescent, or young adults. An increase in the 
length of follow-up might have been associated with an 
increase in the incidence of cancer. Such an increase was 
not possible, however, due to the fact that the database 

Table 2: Association between smoking and the risk of cancer in men followed for up to 30 years

All men Men aged 50–70 at index date

Cancer diagnosis Proportions 
of cancer in 
smokers (%)

Proportions of 
cancer in non-
smokers (%)

HR (95% CI) p-value Proportions 
of cancer in 
smokers (%)

Proportions of 
cancer in non-
smokers (%)

HR (95% CI) p-value

Cancer total 
(C00-C99)

20.0 19.0 1.07 (1.04–1.11) <0.001 47.4 47.7 1.04 (1.00–1.09) 0.056

Positive association

Bronchus and lung 
(C34)

2.96 0.22 9.92 (8.08–12.17) <0.001 10.03 0.94 8.91 (6.89–11.52) <0.001

Larynx (C32) 0.27 0.03 5.17 (3.16–8.44) <0.001 0.78 0.09 4.69 (2.37–9.29) <0.001

Liver (C22) 0.40 0.13 2.83 (1.85–4.32) <0.001 1.32 0.38 2.17 (1.20–3.92) 0.011

Nasal cavity, middle 
ear, sinuses (C30, 
C31)

0.15 0.05 2.61 (1.60–4.28) <0.001 0.64 0.26 2.47 (1.35–4.51) 0.003

Bladder (C67) 1.26 0.59 2.32 (1.98–2.73) <0.001 5.31 3.19 2.10 (1.73–2.56) <0.001

Lip, oral cavity, and 
pharynx (C00-14)

0.61 0.26 2.12 (1.71–2.63) <0.001 0.23 0.11 2.06 (1.37–3.11) 0.001

Esophagus (C15) 0.74 0.32 1.97 (1.57–2.46) <0.001 1.92 0.58 2.28 (1.60–3.25) <0.001

Pancreas (C25) 0.46 0.22 1.83 (1.34–2.49) <0.001 1.50 0.64 2.28 (1.60–3.25) <0.001

Stomach (C16) 0.21 0.18 1.40 (1.02–1.94) 0.039 0.82 0.73 1.38 (0.93–2.05) 0.112

Kidney (C64) 0.43 0.30 1.26 (1.00–1.58) 0.048 0.80 0.87 0.83 (0.58–1.20) 0.323

Lymphomas (C81-88) 2.53 2.09 1.24 (1.13–1.36) <0.001 6.13 5.19 1.36 (1.18–1.57) <0.001

Negative association

Skin (C43, C44) 4.78 6.98 0.74 (0.70–0.79) <0.001 11.87 19.72 0.73 (0.67–0.79) <0.001

Prostate (C61) 2.95 4.39 0.71 (0.65–0.76) <0.001 8.75 15.16 0.67 (0.60–0.74) <0.001

Multiple myeloma 
(C90)

0.15 0.32 0.67 (0.48–0.93) 0.018 0.54 0.67 0.59 (0.36–0.97) 0.037

No association

Leukemias (C91-95) 0.51 0.46 1.00 (0.82–1.22) 0.972 1.07 1.25 0.98 (0.73–1.34) 0.920

Colon, rectum, anus 
(C17-C21)

1.38 2.03 0.89 (0.79–1.00) 0.051 3.91 4.99 0.80 (0.68–0.94) 0.006

Bones (C40, C41) 0.05 0.09 0.84 (0.49–1.46) 0.542 0.04 0.04 0.81 (0.22–3.02) 0.753

Testis (C62) 0.19 0.21 0.83 (0.66–1.03) 0.092 0.05 0.07 0.88 (0.32–2.43) 0.805

Thyroid gland (C73) 0.04 0.07 0.83 (0.59–1.17) 0.280 0.07 0.07 1.43 (0.46–4.52) 0.538

Brain (C71) 0.15 0.19 0.80 (0.59–1.09) 0.155 0.34 0.23 1.12 (0.64–1.95) 0.690
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was only created in the late 1980s. The third limitation 
is that we did not have access to the number of cigarettes 
smoked per day. Therefore, it was not possible to estimate 
the impact of the number of cigarettes on the overall risk 
of cancer. Fourthly, as previously stated in the Discussion, 
no information was available regarding common 
sociodemographic factors (i.e. alcohol use, family history 
of cancer, and occupational exposition to carcinogenic 
substances), even though these variables are known risk 
factors for cancer. On the one hand, many factors should 
be similar for smokers and non-smokers. On the other 
hand, some factors, such as comorbidities experienced 
during the follow-up period, may also be partly traced 
back to smoking behavior. Finally, there were no data from 
hospitals and no information regarding mortality. 

The main strengths of this study are the number of 
patients available for analysis, the length of follow-up, 
and the use of real-world data pertaining to diagnoses in 

primary care practices where diagnoses are continuously 
documented, allowing for unbiased exposure assessment 
(no recall bias).

Smoking increased the overall risk of cancer in 
primary care practices in the UK. In addition, smoking 
was predominantly positively and less frequent negatively 
associated with numerous specific cancers.

METHODS

Database

The Disease Analyzer® database (IQVIA) provides 
information on diagnoses, prescribed treatments, 
laboratory values, and demographic data obtained directly 
and in anonymous format from the computer systems used 
daily in the offices of participating doctors [6]. The value 
of the data is monitored by means of numerous quality 

Table 3: Association between smoking and the risk of cancer in women followed for up to 30 years
All women Women aged 50–70 at index date

Cancer diagnosis Proportions 
of cancer in 
smokers (%)

Proportions of 
cancer in non-
smokers (%)

HR (95% CI) p-value Proportions of cancer 
in smokers (%)

Proportions of cancer 
in non-smokers (%)

HR (95% CI) p-value

Cancer total (C00-C99) 17.0 14.9 1.03 (1.00–1.06) 0.031 35.1 33.6 1.06 (1.01–1.11) 0.023

Positive association

Bronchus and lung (C34) 2.31 0.15 14.06 (10.91–18.12) <0.001 7.95 0.57 13.50 (9.52–19.13) <0.001

Larynx (C32) 0.06 0.01 4.86 (2.15–10.96) <0.001 0.12 0.01 6.72 (1.52–29.75) 0.012

Bladder (C67) 0.34 0.12 2.75 (2.07–3.64) <0.001 0.99 0.51 2.67 (1.90–4.12) <0.001

Esophagus (C15) 0.24 0.07 2.55 (1.73–3.77) <0.001 0.63 0.20 2.06 (1.19–3.57) 0.010

Nasal cavity, middle ear, sinuses 
(C30, C31)

0.05 0.01 2.47 (1.09–5.62) 0.031 0.30 0.03 4.39 (1.25–15.43) 0.021

Vulva/vagina (C51, C52) 0.07 0.03 1.91 (1.18–3.09) 0.009 0.12 0.09 1.24 (0.53–2.86) 0.620

Cervix uteri (C53) 0.35 0.18 1.83 (1.43–2.33) <0.001 0.37 0.13 1.59 (0.88–2.97) 0.126

Stomach (C16) 0.11 0.07 1.67 (1.08–2.57) 0.020 0.42 0.26 1.46 (0.87–2.46) 0.155

Pancreas (C25) 0.25 0.20 1.63 (1.17–2.28) 0.004 0.84 0.42 2.06 (1.19–3.57) 0.010

Lip, oral cavity, and pharynx 
(C00-14)

0.34 0.17 1.43 (1.12–1.83) 0.003 0.11 0.02 2.01 (1.19–3.41) 0.009

Negative association

Skin (C43, C44) 3.70 5.00 0.74 (0.70–0.79) <0.001 8.89 14.17 0.72 (0.66–0.79) <0.001

Breast (C50) 4.04 4.22 0.92 (0.87–0.97) 0.002 7.35 6.89 0.99 (0.89–1.11) 0.913

Corpus uteri (C54) 0.21 0.38 0.60 (0.48–0.76) <0.001 0.36 0.85 0.54 (0.37–0.79) 0.001

No association

Kidney (C64) 0.23 0.15 1.27 (0.94–1.73) 0.123 0.76 0.51 1.34 (0.83–2.18) 0.232

Brain (C71) 0.17 0.12 1.22 (0.86–1.73) 0.258 0.29 0.27 1.23 (0.61–2.49) 0.568

Bones (C40, C41) 0.03 0.03 1.17 (0.61–2.23) 0.639 0.03 0.05 0.78 (0.18–3.49) 0.747

Liver (C22) 0.17 0.09 1.12 (0.73–1.74) 0.584 0.39 0.46 0.60 (0.29–1.23) 0.164

Leukemias (C91-95) 0.28 0.22 1.07 (0.83–1.37) 0.613 0.86 0.61 1.07 (0.71–1.51) 0.753

Lymphomas (C81-88) 2.14 1.74 1.02 (0.93–1.11) 0.725 3.90 4.24 0.98 (0.84–1.15) 0.829

Colon, rectum, anus (C17-C21) 0.87 0.93 1.01 (0.88–1.15) 0.938 2.37 2.86 0.93 (0.76–1.13) 0.438

Ovary (C56) 0.36 0.41 0.88 (0.74–1.06) 0.181 1.05 1.13 0.73 (0.52–1.03) 0.075

Multiple myeloma (C90) 0.14 0.13 0.86 (0.57–1.31) 0.482 0.30 0.26 1.17 (0.66–2.08) 0.590

Thyroid gland (C73) 0.11 0.13 0.62 (0.35–1.08) 0.092 0.03 0.08 0.26 (0.07–0.91) 0.036
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criteria that ensure that the database indeed provides 
valuable information on diagnoses (ICD-10), prescriptions 
(Anatomical Therapeutic Chemical classification 
system (ATC)), and other medical records [6]. Reviews 
include checks for the latest coding behavior, gapless 
documentation, and linkage between diagnoses and 
prescriptions, for example. The selection of physicians in 
the database complies with representativeness objectives. 

Study population

This study included all individuals with at least 
one visit to one of 196 general practitioners’ offices in 
the UK between January 1988 and December 2008. 
Only individuals with documented smoking status 
were included. The first visit in this time period was 
considered the index date. The inclusion criteria were as 
follows: (i) age between 18 and 70 years; (ii) smoking 
status documented at the index date and during the last 
year of follow-up; (iii) body mass index documented at 
baseline; and (iv) absence of cancer diagnosis prior to or 
at index date. Furthermore, since this study focused only 
on smokers and non-smokers, ex-smokers were excluded 
from the analysis. Another reason for excluding ex-
smokers was missing information about the exact point 
in time the persons in question quit smoking. Smokers 
and non-smokers were matched (1:1) by age, gender, 
index year, body mass index, and physician (Figure 1). 
Participants were followed for up to 30 years. 

Study outcome and covariables

The main outcome of the study was the risk of 
cancer as a function of smoking status. We selected 25 
cancers: bronchus and lung (ICD-10: C34), larynx (C32), 
liver (C22), nasal cavity, middle ear, sinuses (C30, C31), 
bladder (C67), lip, oral, cavity, and pharynx (C00-14), 
esophagus (C15), pancreas (C25), stomach (C16), kidney 
(C64), lymphomas (C81-88), skin (C43, C44), prostate 
(C61), multiple myeloma (C90), leukemias (C91-95), 
colon, rectum, anus (C17-C21), bones (C40, C41), testis 
(C62), thyroid gland (C73), brain (C71), breast (C50), 
vulva/vagina (C51, C52), cervix uteri (C53), corpus uteri 
(C54), and ovary (C56).

Statistical analyses

Descriptive analyses were obtained for all 
demographic variables and mean ± standard deviations 
(SDs) were calculated for normally distributed variables. 
The cumulative incidence of any cancer or lung cancer in 
the smoking and non-smoking groups was calculated for 
up to 30 years after the index date using Kaplan-Meier 
curves in men and women. Cox regression models were 
fitted with time to first cancer diagnosis as dependent 
variables and smoking status as the potential predictor. 
Regression models were conducted separately for men 

and women. As the majority of patients were under 40 
years old at the index date (see result section) and due to 
the follow-up of up to 30 years, we additionally analyzed 
patients aged 50–70 as a separate group.

Values of p < 0.05 were considered statistically 
significant. The analyses were carried out using SAS 
version 9.4.

CONFLICTS OF INTEREST

LJ, MF, MK, KD and KK declare that they have no 
potential conflicts of interest with respect to the research, 
authorship, and/or publication of this article.

FUNDING 

The authors have received no financial support for 
the research, authorship, and/or publication of this article.

REFERENCES

 1.  World Health Organization. Prevalence of tobacco smoking. 
2017. Available from http://www.who.int/gho/tobacco/use/en/.

 2.  Office for National Statistics. Adult smoking habits in the 
UK: 2016. 2017. Available from https://www.ons.gov.uk/
peoplepopulationandcommunity/healthandsocialcare/
healthandlifeexpectancies/bulletins/adultsmokinghabitsingr
eatbritain/2016.

 3.  De Hertog SA, Wensveen CA, Bastiaens MT, Kielich 
CJ, Berkhout MJ, Westendorp RG, Vermeer BJ, Bouwes 
Bavinck JN; Leiden Skin Cancer Study. Relation between 
smoking and skin cancer. J Clin Oncol. https://doi.
org/10.1200/JCO.2001.19.1.231.

 4.  Godtfredsen NS, Prescott E, Osler M. Effect of smoking 
reduction on lung cancer risk. JAMA. 2005; 294: 
1505–10. https://doi.org/10.1001/jama.294.12.1505.

 5.  Agudo A, Bonet C, Travier N, González CA, Vineis P,  
Bueno-de-Mesquita HB, Trichopoulos D, Boffetta P, Clavel-
Chapelon F, Boutron-Ruault MC, Kaaks R, Lukanova A, 
Schütze M, et al. Impact of cigarette smoking on cancer risk 
in the european prospective investigation into cancer and 
nutrition study. J Clin Oncol. 2016; 30: 4550–7. https://doi.
org/10.1200/JCO.2011.41.0183.

 6.  Ogdie A, Langan SM, Parkinson J, Dattani H, Kostev 
K, Gelfand JM. Medical Record Databases. In: 
MPH BLSM, MSCE SEKM, PHARMD SH, editors. 
Pharmacoepidemiology. Wiley-Blackwell; 2012 [cited 
2015 Jun 21]. p. 224–43. Available from http://onlinelibrary.
wiley.com/doi/10.1002/9781119959946.ch15/summary.

 7.  Tanaka K, Tsuji I, Wakai K, Nagata C, Mizoue T, Inoue 
M, Tsugane S; Research Group for the Development and 
Evaluation of Cancer Prevention Strategies in Japan. 
Cigarette smoking and liver cancer risk: an evaluation based 
on a systematic review of epidemiologic evidence among 



Oncotarget17428www.oncotarget.com

Japanese. Jpn J Clin Oncol. 2006; 36:445–56. https://doi.
org/10.1093/jjco/hyl040.

 8.  Lee YC, Cohet C, Yang YC, Stayner L, Hashibe M, Straif K.  
Meta-analysis of epidemiologic studies on cigarette 
smoking and liver cancer. Int J Epidemiol. 2009; 38: 
1497–511. https://doi.org/10.1093/ije/dyp280.

 9.  Quirk JT, Li Q, Natarajan N, Mettlin CJ, Cummings 
KM. Cigarette smoking and the risk of bladder cancer in 
men and women. Tob Induc Dis. 2004; 2:14. https://doi.
org/10.1186/1617-9625-2-14.

10.  Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin 
A, Abnet CC. Association between smoking and risk of 
bladder cancer among men and women. JAMA. 2011; 
306:737–45. https://doi.org/10.1001/jama.2011.1142.

11.  Rink M, Crivelli JJ, Shariat SF, Chun FK, Messing EM, 
Soloway MS. Smoking and Bladder Cancer: A Systematic 
Review of Risk and Outcomes. Eur Urol Focus. 2015; 1: 
17–27. https://doi.org/10.1016/j.euf.2014.11.001.

12.  Washio M, Mori M, Mikami K, Miki T, Watanabe Y, Nakao 
M, Kubo T, Suzuki K, Ozasa K, Wakai K, Tamakoshi A. 
Cigarette smoking and other risk factors for kidney cancer 
death in a Japanese population: Japan Collaborative Cohort 
Study for evaluation of cancer risk (JACC study). Asian Pac 
J Cancer Prev. 2014; 14:6523–8. 

13.  Cote ML, Colt JS, Schwartz KL, Wacholder S, Ruterbusch 
JJ, Davis F, Purdue M, Graubard BI, Chow WH. Cigarette 
smoking and renal cell carcinoma risk among black and 
white Americans: effect modification by hypertension and 
obesity. Cancer Epidemiol Biomarkers Prev. 2012; 21:770–9. 
https://doi.org/10.1158/1055-9965.EPI-11-1109.

14.  Brand RE, Greer JB, Zolotarevsky E, Brand R, Du H, Simeone 
D, Zisman A, Gorchow A, Lee SY, Roy HK, Anderson MA. 
Pancreatic cancer patients who smoke and drink are diagnosed 
at younger ages. Clin Gastroenterol Hepatol. 2009; 7:1007–
12. https://doi.org/10.1016/j.cgh.2009.06.008. 

15.  Lynch SM, Vrieling A, Lubin JH, Kraft P, Mendelsohn 
JB, Hartge P, Canzian F, Steplowski E, Arslan AA, Gross 
M, Helzlsouer K, Jacobs EJ, LaCroix A, et al. Cigarette 
Smoking and Pancreatic Cancer: A Pooled Analysis From 
the Pancreatic Cancer Cohort Consortium. Am J Epidemiol. 
2009; 170:403–13. https://doi.org/10.1093/aje/kwp134.

16.  Morton LM, Holford TR, Leaderer B, Boyle P, Zahm SH, 
Zhang Y, Flynn S, Tallini G, Zhang B, Owens PH, Zheng T.  
Cigarette smoking and risk of non-Hodgkin lymphoma 
subtypes among women. Br J Cancer. 2003; 89:2087–92. 
https://doi.org/10.1038/sj.bjc.6601388.

17.  Morton LM, Hartge P, Holford TR, Holly EA, Chiu BC, 
Vineis P, Stagnaro E, Willett EV, Franceschi S, Vecchia CL, 
Hughes AM, Cozen W, Davis S, et al. Cigarette smoking 
and risk of non-Hodgkin lymphoma: a pooled analysisfrom 
the International Lymphoma Epidemiology Consortium 
(interlymph). Cancer Epidemiol Biomarkers Prev. 2005; 
14:925–33. https://doi.org/10.1158/1055-9965.EPI-04-0693.

18.  Kamper-Jørgensen M, Rostgaard K, Glaser SL, Zahm SH, 
Cozen W, Smedby KE, Sanjosé S, Chang ET, Zheng T, 

La Vecchia C, Serraino D, Monnereau A, Kane EV, et al. 
Cigarette smoking and risk of Hodgkin lymphoma and its 
subtypes: a pooled analysis from the International Lymphoma 
Epidemiology Consortium (InterLymph). Ann Oncol. 2013; 
24:2245–55. https://doi.org/10.1093/annonc/mdt218.

19.  Briggs NC, Hall HI, Brann EA, Moriarty CJ, Levine 
RS. Cigarette smoking and risk of hodgkin’s disease: A 
population-based case-control study. Am J Epidemiol. 2002; 
156:1011–20. https://doi.org/10.1093/aje/kwf143.

20.  Stockwell HG, Lyman GH. Impact of smoking and 
smokeless tobacco on the risk of cancer of the head and 
neck. Head Neck Surg. 1986; 9:104–10. 

21.  Bosetti C, Garavello W, Gallus S, Vecchia CL. Effects 
of smoking cessation on the risk of laryngeal cancer: An 
overview of published studies. Oral Oncol. 2006; 42:866–72.  
https://doi.org/10.1016/j.oraloncology.2006.02.008.

22.  Cook MB, Kamangar F, Whiteman DC, Freedman ND, 
Gammon MD, Bernstein L, Brown LM, Risch HA, Ye W, 
Sharp L, Pandeya N, Webb PM, Wu AH, et al. Cigarette 
smoking and adenocarcinomas of the esophagus and 
esophagogastric junction: A pooled analysis from the 
international BEACON consortium. J Natl Cancer Inst. 2010; 
102:1344–53. https://doi.org/10.1093/jnci/djq289.

23.  Nomura AM, Wilkens LR, Henderson BE, Epplein M, 
Kolonel LN. The association of cigarette smoking with 
gastric cancer: the multiethnic cohort study. Cancer 
Causes Control. 2012; 23:51–8. https://doi.org/10.1007/
s10552-011-9854-0.

24.  Pesch B, Kendzia B, Gustavsson P, Jöckel KH, Johnen 
G, Pohlabeln H, Olsson A, Ahrens W, Gross IM, Brüske 
I, Wichmann HE, Merletti F, Richiardi L, et al. Cigarette 
smoking and lung cancer–relative risk estimates for the 
major histological types from a pooled analysis of case-
control studies. Int J Cancer. 2012; 131:1210–9. https://doi.
org/10.1002/ijc.27339.

25.  Dusingize JC, Olsen CM, Pandeya NP, Subramaniam 
P, Thompson BS, Neale RE, Green AC, Whiteman DC; 
QSkin Study. Cigarette Smoking and the Risks of Basal 
Cell Carcinoma and Squamous Cell Carcinoma. J Invest 
Dermatol. 2017; 137:1700–8. https://doi.org/10.1016/j.
jid.2017.03.027.

26.  Kessides MC, Wheless L, Hoffman-Bolton J, Clipp S, 
Alani RM, Alberg AJ. Cigarette smoking and malignant 
melanoma: a case-control study. J Am Acad Dermatol. 
2011; 64:84–90. https://doi.org/10.1016/j.jaad.2010.01.041.

27.  Perera E, Gnaneswaran N, Staines C, Win AK, Sinclair R. 
Incidence and prevalence of non-melanoma skin cancer in 
Australia: A systematic review. Australas J Dermatol. 2015; 
56:258–67. https://doi.org/10.1111/ajd.12282.

28.  Huncharek M, Haddock KS, Reid R, Kupelnick B. Smoking 
as a risk factor for prostate cancer: A meta-analysis of 24 
prospective cohort studies. Am J Public Health. 2010; 
100:693–701. https://doi.org/10.2105/AJPH.2008.150508.

29.  Ho T, Howard LE, Vidal AC, Gerber L, Moreira D, 
McKeever M, Andriole G, Castro-Santamaria R, Freedland 



Oncotarget17429www.oncotarget.com

SJ. Smoking and risk of low- and high-grade prostate 
cancer: Results from the REDUCE study. Clin Cancer 
Res. 2014; 20:5331–8. https://doi.org/10.1158/1078-0432.
CCR-13-2394.

30.  Rohrmann S, Linseisen J, Allen N, Bueno-de-Mesquita HB, 
Johnsen NF, Tjønneland A, Overvad K, Kaaks R, Teucher B, 
Boeing H, Pischon T, Lagiou P, Trichopoulou A, et al. Smoking 
and the risk of prostate cancer in the European Prospective 
Investigation into Cancer and Nutrition. Br J Cancer. 2013; 
108:708–14. https://doi.org/10.1038/bjc.2012.520.

31.  Psaltopoulou T, Sergentanis TN, Kanellias N, Kanavidis 
P, Terpos E, Dimopoulos MA. Tobacco smoking and risk 
of multiple myeloma: a meta-analysis of 40 observational 
studies. Int J Cancer. 2013; 132:2413–31. https://doi.
org/10.1002/ijc.27898.

32.  Kispert S, McHowat J. Recent insights into cigarette 
smoking as a lifestyle risk factor for breast cancer. Breast 

Cancer (Dove Med Press). 2017; 9:127–32. https://doi.
org/10.2147/BCTT.S129746.

33.  Luo J, Margolis KL, Wactawski-Wende J, Horn K, 
Messina C, Stefanick ML, Tindle HA, Tong E, Rohan TE. 
Association of active and passive smoking with risk of 
breast cancer among postmenopausal women: a prospective 
cohort study. BMJ. 2011; 342:d1016. 

34.  Zhou B, Yang L, Sun Q, Cong R, Gu H, Tang N, Zhu H, 
Wang B. Cigarette smoking and the risk of endometrial 
cancer: a meta-analysis. Am J Med. 2008; 121:501–8.e3. 
https://doi.org/10.1016/j.amjmed.2008.01.044.

35.  Felix AS, Yang HP, Gierach GL, Park Y, Brinton LA. Cigarette 
smoking and endometrial carcinoma risk: the role of effect 
modification and tumor heterogeneity. Cancer Causes Control. 
2014; 25:479–89. https://doi.org/10.1007/s10552-014-0350-1.


