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INTRODUCTION

As part of its mission, the International Agency for Research on 
Cancer (IARC) strives to identify causes of cancer [1]. In its Mon-
ographs on the Evaluation of Carcinogenic Risks to Humans, the 
IARC classified tobacco smoking as a Group 1 carcinogen, indi-

cating “sufficient evidence of carcinogenicity in humans [1].” Spe-
cifically, the IARC declared that tobacco smoking causes cancers 
of the lung, oral cavity, pharynx, nasal cavity/accessory sinuses, 
larynx, esophagus, stomach, pancreas, colorectum, liver, kidney 
(body and pelvis), ureter, urinary bladder, cervix, ovary (muci-
nous), and myeloid leukemia [1]. Despite aggressive public health 
attention and declining rates of tobacco use in the United States, 
smoking remains a concerning source of the burden of cancer 
and other chronic diseases [2]. Additionally, the smoking preva-
lence in the United States has historically differed among racial/
ethnic groups, suggesting a need to better understand how smok-
ing-attributable cancers are distributed by race/ethnicity [2]. This 
may better inform cancer prevention while addressing cancer 
health inequalities. 

In the current analysis, we aimed to estimate the population-at-
tributable fractions (PAFs) and number of cancer cases diagnosed 
in Texas in 2015 that were attributable to tobacco smoking. Fur-
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thermore, we hypothesized that differences in PAFs would be ap-
parent across racial/ethnic subgroups given the population diver-
sity in Texas, so we stratified our study by race/ethnicity to expose 
any possible effect modification that may better guide cancer pre-
vention efforts. 

 

MATERIALS AND METHODS

The Texas Cancer Registry provided counts of invasive cancer 
cases newly diagnosed in Texas in 2015, overall and by age group 
(25-34, 35-44, 45-54, 55-64, 65-74, 75-84, ≥ 85 years), sex, and 
race/ethnicity (all races/ethnicities, non-Hispanic Whites, non-
Hispanic Blacks, Hispanics, and other races/ethnicities) [3]. Cod-
ing for cancer sites was performed using the Surveillance, Epide-
miology, and End Results Site Recode International Classification 
of Diseases (ICD)-O-3/World Health Organization 2008 defini-
tions [4]. This code for the lung cancer site also included bronchi-
al cancers [4]. Ovarian mucinous cancer was specified by histolo-
gy codes [5,6], and nasal cavity/accessory sinus cancers were cod-
ed using primary ICD-O-3 site codes [4,7]. Due to available risk 
estimates, we grouped oral cavity and pharyngeal cancers togeth-
er, as well as kidney (body and pelvis) and ureteral cancers, and 
nasal cavity and accessory sinus cancers (Table 1).

Relative risk (RR) estimates for smoking status (current or for-
mer, relative to never smokers) were primarily derived from a 
pooled analysis of United States-based cohort studies examining 
the association of smoking with the risk of cancer mortality [8]. 
We elected to use these RR estimates, rather than RR estimates 
associated with cancer incidence, so that our findings would be 
both directly comparable and add to (by providing race/ethnic-
specific PAFs) findings from a recent study of the overall PAF in 
the United States [9]. For the majority of cancer sites, there is 
overlap of the 95% confidence intervals in RR estimates of cancer 
incidence and mortality associated with smoking status. For cer-
vical cancer and nasal cavity/accessory sinus cancer, estimates 
from this source were excluded; instead, estimates were obtained 
from a large prospective cohort study [10] and global meta-analy-
sis [11], respectively, examining the association between smoking 
and risk of cancer. Table 1 shows the RR estimates used in the 
current study.

The Texas Behavioral Risk Factor Surveillance System (BRFSS) 
provided weighted prevalence estimates (weighted to demograph-
ic proportions within the population via post-stratification) [12] 
of current and former smoking in Texas by age group, sex, and 
race/ethnicity (Table 2) [13]. Current smokers were defined as 
having smoked 100 cigarettes in their lifetime and currently smok-
ing some days or every day, while former smokers were defined 
as having smoked 100 cigarettes in their lifetime and not currently 
smoking [14]. The estimated latency period for cancers attributable 
to smoking varies widely across studies and across cancer sites [15]; 
however, because ranges for the latency period include 10 years 
for nearly all cancer sites, and for consistency across cancer sites, 
we estimated an average latency period of 10 years for all cancer 

types [15]. Therefore, we used BRFSS prevalence data from the 
year 2006. 

The following formula was used to calculate PAFs for each can-
cer type by sex, age group, and race/ethnicity: , 
where px is the proportion of the population in exposure category 
x (current or former smoker) and ERRx is the excess relative risk 
(RRx-1) [16]. We multiplied PAFs by incident cancer counts to 
determine the number of cancer cases attributable to smoking, 
stratified by age group, sex, and race/ethnicity. To accommodate 
the latency period of 10 years, we paired the prevalence data and 
corresponding PAFs in each age group with cancer incidence data 
in the age group 10 years older (e.g., 2006 prevalence data for the 

Table 1. Relative risks (RRs) associated with smoking by status (cur-
rent vs. never-smokers, former vs. never-smokers)

Cancer site
Exposure 
category 
(smoker)

Males Females

Lung, bronchus1 Current 25.3 22.9
Former 6.8 6.8

Oral cavity, pharynx2 Current 5.7 5.6
Former 1.7 2.2

Larynx Current 13.9 103.8
Former 2.4 11.6

Esophagus Current 3.9 5.1
 Former 2.6 2.2
Stomach Current 1.9 1.7

Former 1.5 1.17

Pancreas Current 1.6 1.9
 Former 1.0 1.2
Colorectum Current 1.4 1.6

Former 1.2 1.2
Liver Current 2.3 1.8
 Former 1.5 1.17

Kidney, renal pelvis, ureter3 Current 1.8 1.27

Former 1.5 1.27

Urinary bladder Current 3.9 3.9
 Former 2.4 2.3
Cervix Current - 1.9

Former - 1.5
Ovary (mucinous; histology codes: 

8470,8471,8480,8481)4
Current - 1.17

Former - 1.17

Myeloid leukemia5 Current 1.9 1.17

Former 1.4 1.17

Nasal cavity, accessory sinuses (primary 
site codes: C300,C310-319)6

Current 1.95 1.95
Former 1.39 1.39

1RR for trachea, lung, bronchus.
2RR for lip and oral cavity.
3RR for kidney and renal pelvis.
4RR for ovary.
5RR for acute myeloid leukemia.
6RR for nasal-sinuses, nasopharynx.
7The reported confidence interval includes the null value. 



Gudenkauf FJ et al. : Cancers attributable to tobacco smoke

www.e-epih.org    |  3

age group of 25-34 years corresponded to 2015 cancer counts for 
the age group of 35-44 years). We calculated the age-weighted 
percentages of incident cancer cases attributable to tobacco smok-
ing by cancer type, sex, and race/ethnicity. Finally, we added all 
attributable cases across all cancer sites to estimate the percentage 
of all incident cancers (excluding basal cell carcinoma [BCC] and 
squamous cell carcinoma [SCC] of the skin) diagnosed in 2015 in 
Texans aged ≥ 25 years that were attributable to tobacco smoking.

Ethics statement
This study was conducted according to the guidelines laid down 

in the Declaration of Helsinki. All data were publically available. 
The research activities of this study were deemed as exempt by 
Baylor College of Medicine Ethics Committee as data were de-
identified and aggregated. A waiver of consent was obtained be-
cause the study was a retrospective analysis and all data were ag-
gregated and de-identified.

RESULTS

Nearly half of Texan males (47.9%) and a third of Texan females 
(31.7%) aged ≥ 18 years in 2006 reported having ever smoked to-
bacco. Overall, 39.8% of Texans in 2006 were self-reported current 
or former smokers. The prevalence of smoking was highest in per-
sons aged 55-64 years (55.3%) and lowest in persons aged 25-34 
years (26.6%) (Table 2). In all age groups, males had a higher 
prevalence of current or former smoking than females. 

Non-Hispanic Whites comprised the racial/ethnic subgroup 
with the highest prevalence of current or former smoking at 44.3% 
(Table 2). Meanwhile, the prevalence of tobacco smoking was 

37.9% in non-Hispanic Blacks and 30.3% in Hispanics. This trend 
persisted when stratified by sex; non-Hispanic White male (49.8%) 
and non-Hispanic White female (38.3%) had higher prevalence 
rates of tobacco smoking than other racial/ethnic-sex subgroups. 

Excluding BCC and SCC of the skin, there were 103,408 cancer 
cases diagnosed in Texan adults aged ≥ 25 years in 2015, with 
51,472 cases in males and 51,936 cases in females. Non-Hispanic 
Whites had the most cancers (65,214 cases), followed by Hispanics 
(22,642 cases) and non-Hispanic Blacks (12,020); the remaining 
cases were found in the other races/ethnicities category (3,532 
cases). Overall, 19,000 cancer cases or 18.4% of all incident can-
cers (excluding BCC and SCC of the skin) diagnosed in 2015 were 
attributable to tobacco smoking (Table 3). Males had a higher over-
all proportion of cancers attributable to tobacco smoking than fe-
males (male, 23.3%, 11,993 excess cases; female, 13.5%, 7,006 cas-
es). The cancer site with the highest PAF was the lung/bronchus 
(84.7%), followed by the larynx (77.9%) and esophagus (52.6%). 
Males had higher site-specific PAFs than females for all cancer 
sites except the larynx and pancreas (excluding female-specific 
cancers, mucinous ovarian cancer and cervical cancer). 

Stratification by racial/ethnic subgroups revealed that non-His-
panic Whites (20.2%, 13,152 excess cases) and non-Hispanic Blacks 
(20.1%, 2,416 excess cases) had higher proportions of all cancers 
attributable to tobacco smoking than Hispanics (12.8%, 2,902 ex-
cess cases). Males had higher overall PAFs than females across all 
racial/ethnic subgroups. For non-Hispanic Whites and Hispanics, 
the lung/bronchus, larynx, and esophagus were the cancer sites 
that contributed the highest proportions of excess cases, consist-
ent with the findings for all races/ethnicities combined. However, 
for non-Hispanic Blacks, the lung/bronchus, larynx, and oral cav-

Table 2. Prevalence (%) of tobacco smoking1 in Texans aged ≥18 years in 2006, overall and by race/ethnicity and age group

Variables
Males Females Persons

Current 
smoker

Former 
smoker Both Current 

smoker
Former 
smoker Both Current 

smoker
Former 
smoker Both

All 20.6 27.3 47.9 15.6 16.1 31.7 18.1 21.7 39.8
Race/ethnicity
   Non-Hispanic Whites 17.3 32.5 49.8 17.8 20.5 38.3 17.6 26.7 44.3
   Non-Hispanic Blacks 34.3 15.2 49.5 20.0 10.4 30.4 25.6 12.3 37.9
   Hispanics 24.9 18.9 43.8 8.9 9.5 18.4 16.4 13.9 30.3
   Other races/ethnicities 20.8 21.0 41.8 22.8 11.5 34.3 21.7 17.0 38.7
Age (yr)
   18-24 31.3 10.7 42.0 14.6 7.2 21.8 23.4 9.0 32.4
   25-34 18.4 12.2 30.6 12.8 9.8 22.6 15.6 11.0 26.6
   35-44 18.5 21.4 39.9 19.8 12.9 32.7 19.1 17.2 36.3
   45-54 24.1 32.7 56.8 20.4 16.1 36.5 22.3 24.5 46.8
   55-64 18.3 50.6 68.9 16.3 26.3 42.6 17.3 38.0 55.3
   65-74 11.4 51.1 62.5 10.5 26.0 36.5 10.9 37.5 48.4
   75-84 7.5 57.5 65.0 7.0 29.7 36.7 7.2 39.8 47.0
   ≥85 21.2 51.7 72.9 6.8 24.7 31.5 13.2 36.7 49.9

1Current smoker: every day or some days+smoked 100 cigarettes in lifetime; Former smoker: smoked 100 cigarettes in lifetime+not currently smok-
ing.



Epidemiol Health 2021;43:e2021046

  |    www.e-epih.org  4

Ta
bl

e 
3.

 A
ge

-w
ei

gh
te

d 
po

pu
la

tio
n-

at
tr

ib
ut

ab
le

 fr
ac

tio
ns

 (P
AF

s)
 o

f c
an

ce
rs

 a
tt

rib
ut

ab
le

 to
 sm

ok
in

g 
in

 Te
xa

s i
n 

20
15

 b
y 

ra
ce

/e
th

ni
ci

ty
 (%

), 
ad

ul
ts

 a
ge

d 
≥2

5 
ye

ar
s

Va
ria

bl
es

 
Lu

ng
, 

br
on

ch
us

O
ra

l 
ca

vi
ty

, 
ph

ar
yn

x
La

ry
nx

Es
op

ha
gu

s
St

om
ac

h
Pa

nc
re

as
Co

lo
re

ct
um

Li
ve

r 
Ki

dn
ey

, 
re

na
l p

el
vi

s, 
ur

et
er

U
rin

ar
y 

bl
ad

de
r

Ce
rv

ix
O

va
ry

 
(m

uc
in

ou
s)

M
ye

lo
id

 
le

uk
em

ia

N
as

al
 c

av
ity

, 
ac

ce
ss

or
y 

sin
us

es

Al
l c

an
ce

rs
 

PA
F 

(e
xc

es
s c

as
es

)1

Al
l

   M
al

es
86

.9
53

.4
74

.3
54

.2
26

.5
9.

3
13

.1
30

.8
25

.3
52

.5
-

-
23

.9
24

.3
23

.3
 (1

1,
99

3)
   F

em
al

es
81

.9
49

.2
94

.9
46

.5
11

.3
15

.0
11

.9
12

.8
6.

8
41

.3
17

.8
3.

1
3.

4
18

.7
13

.5
 (7

,0
06

)
   P

er
so

ns
84

.7
52

.3
77

.9
52

.6
20

.2
12

.1
12

.6
26

.1
18

.2
49

.8
17

.8
3.

1
15

.1
22

.5
18

.4
 (1

9,
00

0)
N

on
-H

isp
an

ic
 W

hi
te

s
   M

al
es

86
.5

51
.2

72
.5

53
.8

26
.6

8.
1

12
.9

29
.6

25
.2

52
.4

-
-

23
.8

24
.3

24
.4

 (8
,0

76
)

   F
em

al
es

82
.6

51
.2

95
.2

48
.1

11
.7

15
.7

12
.6

13
.4

7.
5

42
.9

20
.8

3.
7

3.
9

19
.8

15
.8

 (5
,0

76
)

   P
er

so
ns

84
.7

51
.2

77
.3

52
.7

21
.0

11
.7

12
.8

25
.4

18
.8

50
.2

20
.8

3.
7

15
.4

22
.6

20
.2

 (1
3,

15
2)

N
on

-H
isp

an
ic

 B
la

ck
s

   M
al

es
87

.5
62

.1
76

.8
53

.2
28

.1
16

.9
15

.0
39

.0
27

.3
51

.0
-

-
27

.3
28

.0
24

.4
 (1

,4
63

)
   F

em
al

es
87

.6
56

.7
96

.4
58

.1
17

.0
22

.9
16

.3
19

.3
8.

4
51

.8
20

.2
4.

2
4.

1
28

.0
15

.8
 (9

53
)

   P
er

so
ns

87
.5

60
.3

80
.2

54
.8

23
.1

20
.1

15
.6

34
.2

19
.6

51
.3

20
.2

4.
2

16
.0

28
.0

20
.1

 (2
,4

16
)

H
isp

an
ic

s
   M

al
es

85
.8

53
.8

73
.1

53
.3

25
.8

10
.0

13
.1

31
.3

24
.7

51
.0

-
-

23
.6

24
.3

19
.6

 (2
,0

92
)

   F
em

al
es

72
.0

36
.7

84
.9

34
.7

7.
7

9.
4

8.
2

8.
3

4.
6

27
.0

11
.6

1.
9

8.
5

14
.9

6.
8 

(8
10

)
   P

er
so

ns
80

.1
49

.0
73

.9
50

.3
17

.7
9.

8
11

.1
25

.0
16

.4
45

.1
11

.6
1.

9
17

.5
22

.3
12

.8
 (2

,9
02

)
O

th
er

 ra
ce

s/
et

hn
ic

iti
es

   M
al

es
83

.2
50

.6
63

.7
47

.3
22

.3
9.

3
11

.9
27

.9
22

.0
43

.9
-

-
21

.3
20

.7
17

.7
 (3

01
)

   F
em

al
es

78
.1

49
.3

18
.5

38
.5

11
.6

14
.0

12
.3

11
.5

6.
5

34
.6

21
.0

3.
4

3.
1

15
.8

9.
5 

(1
74

)
   P

er
so

ns
81

.1
50

.1
60

.5
46

.0
17

.9
11

.8
12

.1
24

.0
16

.0
42

.2
21

.0
3.

4
11

.6
18

.9
13

.4
 (4

75
)

To
ta

ls 
m

ay
 n

ot
 su

m
 m

an
ua

lly
 d

ue
 to

 ro
un

di
ng

.
1 Ex

cl
ud

in
g 

ba
sa

l c
el

l c
ar

ci
no

m
a 

an
d 

sq
ua

m
ou

s c
el

l c
ar

ci
no

m
a 

of
 th

e 
sk

in
; A

ll 
ca

nc
er

s c
om

bi
ne

d 
ar

e 
di

sp
la

ye
d 

as
 P

AF
 (e

xc
es

s c
as

es
).



Gudenkauf FJ et al. : Cancers attributable to tobacco smoke

www.e-epih.org    |  5

ity/pharynx had the highest site-specific PAFs. While we found 
that males had higher site-specific PAFs than females for all can-
cer sites except the larynx and pancreas (and excluding female-
specific cancers) for all races/ethnicities combined, this was not 
the case within racial/ethnic groups. In non-Hispanic Whites, fe-
males had higher PAFs for the larynx and pancreas sites, while 
the PAFs were equal between the sexes for the oral cavity/pharynx. 
In non-Hispanic Blacks, females had higher site-specific PAFs for 
the lung/bronchus, larynx, esophagus, pancreas, colorectum, and 
urinary bladder, and there was no sex difference for nasal cavity/
accessory sinuses. In Hispanics, the larynx was the only site with 
a higher PAF in females. 

DISCUSSION

In this study, we estimated that in 2015 in Texans aged ≥ 25 years, 
19,000 excess cancer cases or 18.4% of all incident cancer cases 
(excluding BCC and SCC of the skin) were attributable to tobacco 
smoking. As expected, the cancer site that contributed the highest 
proportions of cancers was the lung/bronchus (84.7%); tobacco 
smoking also caused a high fraction of laryngeal (77.9%) and es-
ophageal (52.6%) cancer cases in Texas. Males (23.3%) had a high-
er proportion of cancers attributable to tobacco smoking than fe-
males (13.5%). Non-Hispanic Whites (20.2%) and non-Hispanic 
Blacks (20.1%) had higher percentages of smoking-attributable 
cancers than Hispanics (12.8%). 

Our findings are comparable to those of a similar PAF study 
conducted recently in the United States overall [9], which estimat-
ed that 19.0% of cancers (excluding non-melanoma skin cancers) 
were attributable to tobacco smoking in the United States in 2014 
in persons aged ≥ 30 years. However, our results and the United 
States-wide results are notably higher than studies conducted in 
other countries; in Australia in 2010 [16], 13.3% of all cancers were 
found to be attributable to tobacco smoking, while in the United 
Kingdom in 2015 [17], 15.1% of all cancers were due to tobacco 
smoking. This may be a reflection of differences in study method-
ology, estimates of smoking prevalence, and sources used for RR 
estimates. Nonetheless, these data suggest that at least 1 in 8 cancer 
cases are attributable to tobacco smoking in Western populations. 
By sex, we found a higher percentage of smoking-attributable can-
cers in males (23.3%) than in females (13.5%), a pattern consist-
ent with the studies conducted in the United States overall (male, 
23.6%; female, 14.5%) [9], Australia (male, 15.8%; female, 10.0%) 
[16], and the United Kingdom (male, 17.7%; female, 12.4%) [17]. 

Our analysis exposes differences in PAFs across major racial/
ethnic subgroups of the population, with greater proportions of 
smoking-attributable cancers in non-Hispanic Whites (20.2%) 
and non-Hispanic Blacks (20.1%) than in Hispanics (12.8%). The 
higher prevalence rates of current or former smoking in non-His-
panic Whites (44.3%) and non-Hispanic Blacks (37.9%) than in 
Hispanics (30.3%) likely contributed to the higher PAFs in non-
Hispanic Whites and non-Hispanic Blacks. However, it should be 
noted that while the overall PAFs for non-Hispanic Whites and 

non-Hispanic Blacks were nearly equal, the prevalence of smoking 
in non-Hispanic Whites was about 1.17-fold higher than in non-
Hispanic Blacks. This may suggest that a greater proportion of 
cancers caused by factors other than smoking contributed to the 
denominator of overall cancer incidence in non-Hispanic Whites, 
thus diluting the overall PAF to an estimate that is lower than ex-
pected based solely on the contribution of smoking prevalence. 

The analysis of site-specific PAFs revealed that the lung/bron-
chus (84.7%), larynx (77.9%), and esophagus (52.6%) sites con-
tributed the highest fractions of smoking-attributable cancers in 
Texas (all sexes, all races/ethnicities). Studies from the United States 
overall in 2014 (lung, 81.7%; larynx, 73.8%; esophagus, 50.0%) [9], 
Australia in 2010 (lung, 79.6%; larynx, 77%; esophagus, 60%) [16], 
and the United Kingdom in 2010 (results not reported for all per-
sons, only reported by sex) [18] also reported these same 3 sites as 
the top contributors to cancer incidence, with similar magnitudes 
of PAFs. However, it should be noted that some of these studies 
used different methodologies to derive PAFs for lung cancer, so 
PAFs may not be directly comparable [16,18]. These findings fur-
ther emphasize that tobacco smoking serves as an important risk 
factor, especially for cancers of the lung, larynx, and esophagus. 

There are several limitations to our study. First, we primarily 
derived RR estimates from a pooled analysis of cohort studies, which 
provided RRs for cancer mortality for persons aged ≥ 55 years in-
stead of cancer incidence [8]. While it can be argued that estimates 
based on cancer incidence instead of mortality would have been 
more appropriate, we elected to reference the same source as a 
similar study [9] to ensure comparability of findings, which we 
consider a strength of this study. Additionally, we used prevalence 
estimates for self-reported current and former smoking, which 
were defined as having smoked 100 cigarettes in one’s lifetime and 
currently smoking some/every day(s) versus not, respectively [14]. 
However, it is known that smoking has a cumulative effect on 
cancer risk based on the amount and period of time smoked [16], 
which is traditionally denoted by pack-years. Thus, even within 
each of our categories for current smokers and former smokers, 
individuals would likely have differences in risk due to differences 
in pack-years smoked. Therefore, perhaps a more robust study 
could use prevalence data based on pack-years and RR estimates 
based on dose-response by pack-years, although—to the best of 
our knowledge—this type of surveillance and comprehensive risk 
assessment is currently unavailable. Further, this complexity has 
stimulated the use of different methods to calculate PAFs for lung 
cancer in other studies, which presumably bypass these shortcom-
ings [16,18]. However, we maintained standard methods and for-
mulae for all cancer sites when calculating PAFs. Also, we as-
sumed a latency period of 10 years between exposure and out-
come, although the latency periods are difficult to measure and 
likely differ by cancer site [15]. Lastly, we caution against using 
the other races/ethnicities category to draw inferences about ra-
cial/ethnic groups not specifically analyzed in this study, as this 
group was small when stratified and may not be representative of 
other racial/ethnic identities. 
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In summary, we estimated that 18.4% of all cancers (19,000 ex-
cess cancer cases) diagnosed in Texas in 2015 were attributable to 
tobacco smoking. Further, non-Hispanic Whites (20.2%) and non-
Hispanic Blacks (20.1%) had higher percentages of smoking-at-
tributable cancers than Hispanics (12.8%). In response to the high 
burden of cancers caused by tobacco smoking, public health cam-
paigns combatting tobacco use should continue to stress the caus-
al relationship between smoking and cancer, while also directing 
attention toward racial/ethnic differences, which may help in tai-
loring cancer prevention efforts more appropriately.
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