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 1. Summary of attributable fractions

Tables C1.1 and C1.2 d�splay the overall numbers 
of �nc�dent cancer cases and deaths attr�butable to 
r�sk factors evaluated �n th�s report. It �s tempt�ng to 
sum the f�gures �n these tables to obta�n the total 
proport�ons of cancer cases and deaths that could be 
attr�buted to establ�shed r�sk factors. The percentages 
presented �n Tables C1.1 and C1.2 reflect the effect of 
remov�ng one cause of cancer �ndependently of other 
causes. But because cancers have mult�ple causes, 
the same cancers can be attr�buted to more than 
one cause, so summ�ng the f�gures �n these tables 
would overest�mate the global burden of cancer 
attr�butable to the establ�shed r�sk factors. Sect�on C2 
on �nteract�ons between r�sk factors prov�des a more 
adequate �nterpretat�on of the proport�ons of cancer 
attr�butable to each r�sk factor tak�ng �nto account the 
jo�nt effect of two or more of them.

Tobacco smok�ng and alcohol dr�nk�ng are by far 
the ma�n r�sk factors for cancer �n France. The role 
of �nfect�ous agents as causal agents for cancer may 
be greater than suggested by our est�mates because 
�t �s l�kely that many �nfect�ous agents �nvolved �n 
cancer rema�n unknown and the ava�lable data on 
exposure to �nfect�ous agents known to be assoc�ated 
w�th cancer rema�n �mprec�se (see Sect�ons B3, E1 
and E2). Current sc�ent�f�c knowledge suggests that 
all other factors would account for a relat�vely small 
proport�on of all cancers cases and death, but �t 
needs to be stressed that some factors l�ke d�et and 
a�r pollut�on deserve further stud�es for establ�sh�ng 
the�r exact role �n cancer occurrence (see Sect�on D3 
for deta�led d�scuss�on of these aspects).   

Because of the �mportance of tobacco smok�ng, we 
est�mated the spec�f�c attr�butable fract�on, separat�ng 
ever-smokers (current smokers and former smokers) 
from never-smokers (Table C1.3). The method used 
was the follow�ng:

 (�) We f�rst d�str�buted the observed number 
of cancers �n 2000 by cancer s�te us�ng the 
attr�butable fract�ons calculated �n Sect�on B1. 
For example, among the 3250 deaths �n men from 
bladder cancer, we attr�buted 1715 to tobacco. We 
therefore cons�dered these cases as com�ng from 
the populat�on of ever-smokers.

 (��) The rema�n�ng deaths were d�str�buted 
accord�ng to the prevalence of tobacco smok�ng, 
for example, 76% of the rema�n�ng 1535 bladder 
cancers were allocated to the ever-smokers (1165 
deaths) and 24% were allocated to the never-
smokers (370 deaths).

 (���) The attr�butable fract�ons assoc�ated w�th 
other causes of cancers (calculated �n Sect�ons 
B2 to B10) were appl�ed to these denom�nators 
sorted by smok�ng status to est�mate the number 
of cases attr�butable to each cause. Then the 
numbers of deaths accord�ng to smok�ng status 
were summed across cancer s�tes.

Apply�ng the method further developed �n Sect�on 
C2 on �nteract�ons, we est�mated that 50.6% of 
cancers �n ever-smoker men were attr�butable to a 
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known cause. In male never-smokers, only 14.0% 
of cancers could be attr�buted to a known cause. 
For female ever-smokers, 31.8% of cancers were 
assoc�ated w�th a known cause, compared w�th 
15.6% among female never-smokers. Among ever-
smokers, cancers assoc�ated w�th tobacco smok�ng 
�n men represent 67.3% of cancers for wh�ch a cause 
of cancer was attr�buted and �n women 53.8%.

In th�s analys�s, we grouped together current 
and former smokers. However, because of the lower 
attr�butable fract�on assoc�ated w�th tobacco �n 
former smokers, the attr�butable fract�ons for current 
smokers should be h�gher than shown �n Table C1.3.

Moreover, no attempt was made to take �nto 
account potent�al �nteract�ons w�th other factors. As 
ment�oned �n the next sect�on on �nteract�ons (Sect�on 
C2), causes such as alcohol and occupat�on have 
�nteract�ons w�th tobacco smok�ng, and hence, for 
full apprec�at�on of the burden of tobacco smok�ng, 
a factor of �nteract�on should be �ncluded to �ncrease 
the percentage of cancer assoc�ated w�th tobacco.

It �s also worth not�ng that breast cancer and 
prostate cancer are �ncluded �n the denom�nators, 
although tobacco smok�ng �s not assoc�ated w�th the�r 
occurrence. If these cancers were not �ncluded �n the 
denom�nators, the result would be that more than 
60% of cancer �n ever-smokers would be attr�butable 
to an establ�shed r�sk factor.

2. Sources of uncertainty

We have prov�ded our best est�mates of the proport�ons 
of spec�f�c cancers attr�butable to spec�f�c causes �n 
French men and women �n 2000. The uncerta�nty 
surround�ng these est�mates �s substant�al, and ar�ses 
from several sources (Table C1.4). In some cases, �t 
would be poss�ble to quant�fy the uncerta�nty (e.g., 
conf�dence �ntervals of relat�ve r�sks and exposure 
frequenc�es; alternat�ve scenar�os of exposures), 
wh�le �n other cases quant�f�cat�on would be e�ther 
very d�ff�cult (e.g., modell�ng lag t�me to prov�de a 
b�olog�cally-dr�ven est�mate of cumulat�ve exposure) 
or pract�cally �mposs�ble (e.g., RR and exposure 
frequency data from non-comparable populat�ons).

Some authors of systemat�c rev�ews of the 
contr�but�ons of d�fferent causes to human cancer 
have prov�ded ‘acceptable ranges’ around the�r po�nt 
est�mates. In part�cular, th�s was done by Doll and Peto 
�n the�r 1981 and 2005 publ�cat�ons (Doll and Peto, 

1981, 2005). The authors, however, d�d not prov�ded 
a rat�onale for der�v�ng such ranges or �ntervals, 
although one apprec�ates that they �ntended to reflect 
the global degree of uncerta�nty for a part�cular cancer 
or r�sk factor (Table C1.5). For example, Doll and Peto 
(2005) prov�ded range w�dths of ± 10% �n the case 
of tobacco and ± 40% �n the case of d�et: th�s clearly 
reflects the stronger ev�dence ava�lable for the former 
as compared to the latter r�sk factor, wh�ch we have 
also d�scussed elsewhere �n th�s report.

To be cons�stent w�th our str�ctly quant�tat�ve 
approach, however, we dec�ded not to prov�de such 
ranges, wh�ch would necessar�ly be subject�ve. We 
outl�ne below the d�ff�cult�es �n quant�fy�ng uncerta�nty 
levels of AFs.

F�rst, uncerta�nty can proceed from known 
stat�st�cal cons�derat�ons. Most prevalence data and 
relat�ve r�sks used �n th�s report were presented w�th 
the�r respect�ve conf�dence �nterval or an �nd�cat�on of 
var�ab�l�ty such as populat�on s�ze �n surveys. We used 
a Delta method (Kle�n, 1953) to est�mate uncerta�nty 
�ntervals for the AF est�mates �n Tables C1.1 and C1.2. 
Based on Lev�n’s formula, the est�mated var�ance of 
the AF �s of the form:

 

where P �s the prevalence of exposure and ß def�ned 
as ln(RR).

When prevalence data were ava�lable for the 
whole populat�on (such as for alcohol consumpt�on or 
average �ndoor radon exposure), we cons�dered that 
the var�ance of the prevalence data was null.

For EBV �nfect�on, HPV �nfect�on (for cerv�x uter� 
cancer) and asbestos exposure, we d�rectly used an 
est�mate of AF from the l�terature. No uncerta�nty 
�nterval was ava�lable for these causes. Est�mat�on of 
uncerta�nty �ntervals for summary numbers of cases 
and deaths attr�butable to �nfect�on and to occupat�onal 
exposure was performed under the hypothes�s of no 
var�ab�l�ty for the AF for EBV �nfect�on, HPV �nfect�on 
(for cerv�x uter� cancer) and asbestos exposure.

Table C1.6 presents the number of deaths 
attr�buted to each cause w�th the correspond�ng 
uncerta�nty �nterval calculated by the Delta method.

Second, var�ous sources of errors �n relat�ve 
r�sks could have �nfluenced our est�mates. Even �f a 
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cause of cancer �s clearly establ�shed by the IARC, 
the relat�ve r�sks ava�lable �n the l�terature could 
be b�ased towards greater or lower values due to 
m�sclass�f�cat�on or select�on b�ases. The use of 
relat�ve r�sk est�mates from meta-analyses d�lutes 
the effects of b�ases from a s�ngle study. Prevalence 
data are also h�ghly suscept�ble to b�ases, s�nce �t �s 
well establ�shed that any populat�on-based survey 
tr�es to �nfer values for the whole populat�on, although 
some populat�ons can hardly be �ncluded �n survey 
campa�gns. These populat�ons are also known to be 
more h�ghly exposed to var�ous r�sk factors such as 
tobacco or alcohol than the groups �ncluded �n the 
surveys. Select�on b�ases (�n ep�dem�olog�cal stud�es 
or �n surveys) cannot be adjusted for by stat�st�cal 
methods. Comb�n�ng b�ases �n relat�ve r�sk w�th 
b�ases �n exposure prevalence would contr�bute to 
�ncreas�ng the b�as �n the est�mate of AF.

For these reasons, as far as the ava�lable data 
allowed, we used RRs from the most appropr�ate 
meta-analyses or ep�dem�olog�cal stud�es and 
exposure prevalence data from stud�es spec�f�cally 
des�gned to assess exposures. Hence, because we 
used the “best” est�mate of relat�ve r�sk and prevalence 
measured w�th the most su�table methodology, our 
est�mates of AFs were the best that could currently 
be calculated.

Th�rd, the exposure prevalence data and relat�ve 
r�sks were extracted �ndependently. The est�mat�on of 
AFs requ�res the use of s�m�lar def�n�t�ons and un�ts of 
exposure. A small sh�ft �n the measurement between 
the two �ndependent sources could produce a b�as �n 
the est�mat�on of AFs. Th�s �s espec�ally true �f there 
�s m�sclass�f�cat�on of subjects who should have been 
class�f�ed as unexposed (Wacholder et al., 1994). 
Th�s could have affected the est�mate of the AF for 
�nfect�on, because detect�on tests for �nfect�on may 
be less sens�t�ve when used on w�de populat�ons 
than tests used �n stud�es des�gned for accrual of a 
max�mum of �nfected persons (such as case–control 
stud�es). Underest�mat�on of AFs for phys�cal �nact�v�ty 
could also result �f the prevalence of �nact�v�ty �s 
underest�mated; stud�es on phys�cal act�v�ty deta�l the 
var�ous types of phys�cal act�v�ty and are therefore 
less suscept�ble to underreport�ng, wh�le �n surveys 
�t �s h�ghly probable that �nd�v�duals w�ll tend to g�ve 
a “pol�t�cally correct” answer. For s�m�lar reasons, our 
occupat�onal prevalence est�mates m�ght be h�gher 
than the true levels because we used prevalence data 

from �dent�f�able populat�ons rather than from less 
exposed populat�ons (e.g., the d�fference between 
populat�ons surveyed by the d�fferent SUMER surveys 
�n France; see Sect�on B4).

Fourth, our est�mates are based on an a priori lag 
t�me of 15 years, wh�ch allows only a crude est�mate 
of AFs. Cancer occurr�ng �n 2000 could be caused 
by exposure that occurred over any per�od from 1900 
to 2000. For example, lung cancer occurr�ng �n older 
age-groups can be attr�buted to exposure to tobacco 
start�ng before 1950, when the prevalence was totally 
d�fferent from what �t �s now. Th�s arb�trary lag-t�me �s 
currently the most conservat�ve and plaus�ble value 
and �t produces an average est�mate of AFs based 
on the assumpt�on of no major change �n prevalence 
before or after th�s t�me. For most causes such as 
tobacco, alcohol and �nfect�on, of wh�ch prevalence �n 
the populat�on tends to change only slowly, the effect 
of cho�ce of lag t�me on the AF est�mate �s expected 
to be low.

3. Conclusion

In summary, about 35% of all cancer deaths are 
potent�ally avo�dable because they are due to 
tobacco, excess �n alcohol �ntake, �nfect�ous agents, 
obes�ty, lack of phys�cal act�v�ty, tak�ng of hormones 
and excess�ve sun exposure. Better �mplementat�on 
of prevent�ve regulat�ons at the workplace could also 
further decrease cancer deaths due to occupat�onal 
factors. The contr�but�on of the f�ght aga�nst pollutants 
�n cancer control may much smaller, but there �s a 
need for further research on th�s top�c.
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Table C1.1 – Numbers of cancer cases and proportions attributed to various factors in France in the year 2000

HRT-OC: Hormone replacement therapy and oral contracept�ve use

* Ranked accord�ng to number of cancer cases �n both sexes

† Change �n reproduct�ve factors between 1980 and 2000

‡ Several factors such as a�r part�culate matter were not taken �nto account (see Sect�on D3). If 50% of French populat�on 

was exposed to a�r part�culate matter concentrat�ons assoc�ated w�th an �ncrease �n lung cancer r�sk of 7%, then �n th�s 

table, 0.83% of all cancers �n men and 0.4% of all cancers �n women would be attr�butable to pollutants

Table C1.2–Numbers of cancer deaths and proportions attributed to various factors in France in the year 2000

HRT-OC: Hormone replacement therapy and oral contracept�ve use

* Ranked accord�ng to number of cancer deaths �n both sexes

† Change �n reproduct�ve factors between 1980 and 2000

‡ Several factors such as a�r part�culate matter were not taken �nto account (see Sect�on D3). If 50% of French populat�on 

was exposed to a�r part�culate matter concentrat�ons assoc�ated w�th an �ncrease �n lung cancer r�sk of 7%, then �n th�s 

table, 0.83% of all cancer deaths �n men and 0.4% of all cancer deaths �n women would be attr�butable to pollutants

Attributable causes of cancer in France in the year 2000

Males Females Both sexes

Risk factors* Number % of all 
cancers

Number % of all 
cancers

Number % of all 
cancers

Tobacco 43 466 27.0 7095 6.1 50 561 18.2

Alcohol 17 398 10.8 5272 4.5 22 670 8.1

Infect�ous agents 4206 2.6 4871 4.2 9077 3.3

Phys�cal �nact�v�ty 780 0.5 5541 4.7 6321 2.3

Obes�ty and overwe�ght 2249 1.4 3899 3.3 6148 2.2

Ultrav�olet l�ght 2380 1.5 3234 2.8 5614 2.0

HRT-OC – – 5828 5.0 5828 2.1

Occupat�on 4013 2.5 314 0.3 4327 1.6

Reproduct�ve factors † – – 2260 1.9 2260 0.8

Pollutants ‡ 119 0.07 179 0.15 298 0.1

Males Females Both sexes

Risk factors* Number % of all 
cancers

Number % of all 
cancers

Number % of all 
cancers

Tobacco 28 934 33.4 5449 9.6 34 383 23.9

Alcohol 8188 9.4 1692 3.0 9880 6.9

Infect�ous agents 2867 3.3 2511 4.4 5378 3.7

Occupat�on 3183 3.7 256 0.5 3439 2.4

Obes�ty and overwe�ght 995 1.1 1321 2.3 2316 1.6

Phys�cal �nact�v�ty 427 0.5 1812 3.2 2239 1.6

HRT-OC – – 1239 2.2 1239 0.9

Ultrav�olet l�ght 548 0.6 499 0.9 1047 0.7

Reproduct�ve factors † – – 606 1.1 606 0.4

Pollutants ‡ 107 0.12 165 0.3 272 0.2
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Table C1.3–Proportions of cancer deaths attributed to various factors according to smoking status in the ab-
sence of interaction between tobacco and other factors

HRT-OC: Hormone replacement therapy and oral contracept�ve use
* Current or former smokers
§ The overall AF was est�mated cons�der�ng mult�pl�cat�ve �nteract�on as descr�bed �n Sect�on C2

Synthesis of results

Males Females

Ever-smokers* Never-smokers Ever-smokers* Never-smokers

Risk factors AF (%) AF (%) AF (%) AF (%)

Tobacco 39.7 – 19.3 –

Alcohol 10.0 6.7 2.9 3.0

Infect�on 3.1 3.0 4.8 3.9

Obes�ty and overwe�ght 1.1 1.4 2.1 2.5

Inact�v�ty 0.4 0.7 2.8 3.5

Ultrav�olet l�ght 0.5 0.9 0.7 0.9

HRT-OC – – 1.9 2.4

Occupat�on 4.0 1.9 0.7 0.3

Pollutants 0.1 0.05 0.5 0.1

Total § 50.6 14.0 31.8 15.6
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Table C1.5. - Factors applied by Doll and Peto (2005) to calculate ‘acceptable ranges’ of estimates of attributable 

factors in United Kingdom

Risk factor Uncertainty factor

Tobacco 1.1

Alcohol 1.33

Ion�z�ng rad�at�on 1.2

Ultrav�olet l�ght 1

Infect�on 3

Med�cal drugs NA*

Occupat�on 2.5

Pollut�on 2.5

D�et 1.4

Reproduct�on 1.33

Phys�cal �nact�v�ty NA*

NA: Not ava�lable

* In the case of med�cal drugs and phys�cal �nact�v�ty, the best est�mate 

�s < 1% and the acceptable range 0–1% 

Synthesis of results
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Cancer ar�ses through �nher�ted or acqu�red genet�c 
alterat�ons �n mult�ple pathways �nvolved �n cell 
repl�cat�on, prol�ferat�on and growth (Hanahan and 
We�nberg, 2000). As a f�rst approx�mat�on, each such 
alterat�on can be caused by �nher�ted cond�t�ons, 
endogenous factors or exogenous carc�nogens, 
�nclud�ng the r�sk factors rev�ewed �n th�s report. 
Cancer can therefore be descr�bed as the result of a 
mult�step process and as a mult�factor�al d�sease; th�s 
v�ew not only helps �n understand�ng the molecular 
and cellular mechan�sms of carc�nogenes�s, but offers 
a framework to �nterpret the results of observat�onal 
stud�es wh�ch suggest an ‘�nteract�on’ between 
d�fferent r�sk factors.

1. Biological interaction

Although the prec�se role played at the molecular and 
cellular level by known carc�nogens �s �n most cases 
unknown, �t �s plaus�ble that certa�n carc�nogens, �n 
part�cular those cons�st�ng of complex m�xtures such 
as tobacco smoke, act on more than one step of the 
carc�nogenes�s pathway. Th�s �s cons�stent w�th the 
ep�dem�olog�cal ev�dence of tobacco act�ng both as 
an ‘early-stage’ (e.g., as a mutagen) and a ‘late-stage’  
(e.g., as a promoter) carc�nogen (Tub�ana, 1999, 
Hazelton et al., 2005).

A pract�cal consequence of the mult�factor�al 
nature of cancer and of �nteract�ons between 
carc�nogens �s that the same cases of cancer can be 
attr�buted to more than one r�sk factor. Th�s not�on 
has far-reach�ng �mpl�cat�ons �n the �nterpretat�on 
of est�mates of attr�butable cancers such as those 
presented �n th�s report. F�rst, we should a�m at 
�dent�fy�ng r�sk factors that expla�n more than 100% 
of a spec�f�c cancer when the�r �nd�v�dual effects are 
summed. Second, any est�mate of the ‘global’ burden 
of cancer attr�butable to mult�ple causes should 
take �nto account the overlap between the effects 

of d�fferent carc�nogens. As a consequence, for a 
spec�f�c cancer, the attr�butable fract�on for all r�sk 
factors cons�dered together should be smaller than 
the mere sum of the AFs assoc�ated w�th each r�sk 
factor.

The �ndependence of the effects of r�sk factors, 
lead�ng to mult�pl�cat�ve effects of relat�ve r�sks, as 
outl�ned �n Table C2.1, �s the default assumpt�on 
�n most calculat�ons of attr�butable fract�ons. It �s 
based on the hypothes�s that d�fferent r�sk factors 
act on d�fferent carc�nogen�c pathways. Th�s cho�ce 
�s just�f�ed by the lack of deta�led quant�tat�ve data 
on the r�sks result�ng from comb�ned exposure to 
several r�sk factors. Indeed, the stat�st�cal power 
needed to demonstrate an �nteract�on �s lack�ng �n 
the vast major�ty of ep�dem�olog�cal stud�es. The 
hypothes�s of the mult�pl�cat�ve effect of relat�ve r�sks 
can be cons�dered as reasonable s�nce �t has already 
been descr�bed at least for the two ma�n r�sk factors, 
tobacco smok�ng and alcohol dr�nk�ng, as r�sk factors 
for laryngeal cancer (F�gure C2.1). Th�s mult�pl�cat�ve 
effect has been further conf�rmed �n relat�ve r�sk 
models (Roy and Estève, 1998). However, a model 
w�th less than mult�pl�cat�ve �nteract�on seems to 
best f�t the data on comb�ned exposure to asbestos 
and tobacco smoke w�th respect to lung cancer r�sk 
(Va�n�o and Boffetta, 1994).

A deta�led quant�tat�ve rev�ew of all comb�nat�ons 
of r�sk factors goes beyond the scope of th�s report, 
but the reader should be aware of the follow�ng 
conclus�ons:

a) the number of attr�butable cancers due 
to a comb�nat�on of r�sk factors �s less than the 
sum of the number attr�butable to each of the r�sk 
factors;

b) prevent�on of the same cancers can take 
place through mult�ple �ntervent�ons; �n other 

Synthesis of results

Section C2: Interactions between 
cancer risk factors



112

words, prevent�on of one cause of cancer may 
also reduce the number of cancers due to another 
cause;

c) est�mates of attr�butable cancers add�ng up 
to a total of 100% are not b�olog�cally or stat�st�cally 
correct.

2. Interaction between risk factors 
considering independence of risk factors

Although the ava�lable ep�dem�olog�cal data support 
the not�on of �nteract�on between r�sk factors, �n most 
�nstances they fall short of conclus�vely demonstrat�ng 
�ts prec�se nature. To assess the �mportance of 
�nteract�ons for AFs of cancer, we est�mated the AF for 
the comb�nat�on of exposures under the hypothes�s of 
�ndependent exposures and effect. Th�s hypothes�s 
�mpl�es the mult�pl�cat�on of relat�ve r�sks �n the case 
of comb�ned exposures. For two r�sk factors, A and B, 
the AF of exposure to e�ther factor �s g�ven by:

 

where PA and PB are the prevalences of exposure 
to factors A and B, and RRA and RRB are the 
correspond�ng relat�ve r�sks. Th�s formula can be 
wr�tten as:

 

Th�s formula can be general�zed to more than two 
r�sk factors. Th�s approach allowed us to est�mate the 
fract�on attr�butable to establ�shed r�sk factors for all 
cancers �n 2000.

We calculated the comb�ned AF for selected r�sk 
factor–cancer mortal�ty assoc�at�ons �n men and 
women (Tables C2.2 and C2.3), as well as �n both 
sexes comb�ned (Table C2.4). These tables show 
that, �n the case of a r�sk factor w�th h�gh relat�ve 
r�sk, the contr�but�on of add�t�onal r�sk factors to the 
comb�ned AF �s small. For �nstance, for lung cancer 
�n men, the AF �s 83% for tobacco only, and add�ng 
the effect of occupat�on and pollutants only �ncreases 
the overall percentage of lung cancer attr�buted to 
one of these causes to 85%. However, g�ven the 
uncerta�nt�es �n current knowledge of the b�olog�cal 

Attributable causes of cancer in France in the year 2000
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�nteract�ons between d�fferent cancer r�sk factors, 
the f�gures presented �n Tables C2.2–C2.4 should be 
�nterpreted w�th caut�on.
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Table C2.1–Interaction between two risk factors A and B

R�sk factor A

– +

R�sk factor B
– RR=1 RRA

+ RRB RRAB

– Mult�pl�cat�ve model of �nteract�on: RRAB = RRA x RRB

– Presence of pos�t�ve �nteract�on: RRAB > RRA x RRB
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Figure C2.1 - Relative risk of laryngeal cancer for tobacco smoking and alcohol drinking in a study 

from Southern Europe (Tuyns et al., 1988)

Synthesis of results




