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Abstract

Objective. To estimate the association between passive and
active smoking exposures and lung cancer in Mexico City
and the corresponding attributable risks. Material and
Methods. Data was analyzed from a multicenter popula-
tion-based case-control study conducted in Mexico City.
Results. ORs for lung cancer in ever smokers were 6.2
(95% CI 3.9-10.2) for males and 2.8 (95% Cl 1.7-4.4) for
females. Passive smoking at home showed an overall OR of
1.8 (95% CI 1.3-2.6), similar in both genders. Attributable
risk for active smoking for both genders combined, and for
males and females separately, was estimated at 55, 76 and
27%, respectively. Attributable risk for passive smoking at
home was |7% for females, 3.9% for males and 2% for the
entire population. Conclusions. In Mexico City smoking is
attributable to a smaller proportion of lung cancer cases
than in developed countries. This is explained by a lower
intensity of smoking in the Mexican population.
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Resumen

Objetivo: Estimar la asociacion entre tabaquismo pasivo y
activo y cancer pulmonar (CP) en la Ciudad de México (CM),
asi como los riesgos atribuibles asociados. Material y
métodos: Se analiza un estudio multicéntrico de casos-
controles con base poblacional, realizado en la CM. Resul-
tados: Las RM para CP en alguna vez fumadores fueron de
6.2 (IC 95% 3.9,10.2) en hombresy 2.8 (IC 95% 1.7,4.4)
en mujeres. La exposicion pasiva al tabaco mostré una RM
en ambos sexos de 1.8 (IC 95% 1.3, 2.6), similar en ambos
sexos. Los riesgos atribuibles asociados al tabaquismo acti-
vo para ambos sexos,hombres y mujeres fueron de 55,76 y
27%, respectivamente. El riesgo atribuible para tabaquismo
fue de 17% en mujeres, 3.9% en hombres y 12% en ambos
sexos. Conclusiones: En la CM el tabaquismo explica una
fraccion menor de casos de CP que el estimado en paises
desarrollados. Esto se debe a que en México la intensidad
del tabaquismo es menor.

Palabras clave: cincer pulmonar, tabaquismo, razén de mo-
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Tobacco smoking is a well known cause of lung can-
cer. A recent report estimates that, worldwide, to-
bacco smoking is responsible for 92% of all lung cancer
deaths in males and 71% of all lung cancer deaths occu-
rring in females.! However, such figures are not neces-
sarily applicable to specific countries. The proportion
of lung cancer cases attributable to tobacco exposure
depends basically on the magnitude of the association,
measured by the odds ratio, as well as on the prevalen-
ce of smoking in a particular society. The odds ratio
found in a given country depends, in turn, on the ave-
rage intensity of smoking: the greater the intensity of
the habit in a society, the larger the odds ratio relating
smoking to lung cancer. Therefore, it was decided to
estimate the fraction of lung cancer cases arising in
Mexico City that could be attributed to smoking, consi-
dering both active and passive smoking. In this paper,
preliminary data is used from a case control study on
risk factors for lung cancer that was conducted among
residents of the greater Mexico City area in order to es-
timate the risks of lung cancer attributable to tobacco in
the city. This study was conducted with the aim of iden-
tifying indoor and outdoor pollutants that could be
linked to lung cancer, but detailed information on smo-
king was also included in the questionnaire.

Materials and Methods

A population-based multicenter case-control study was
conducted in the resident population of the greater
Mexico City area, comprising 16 boroughs of the Fe-
deral District and 33 conurbation municipalities in the
State of Mexico. Between January 2000 and April 2002,
potential cases were actively ascertained in six public
tertiary care hospitals located in the city (“Hospital de
Oncologia, Siglo XX1”, “Hospital de Especialidades, La
Raza”, “Servicio de Neumologia, Hospital General de
Meéxico”, “Centro Hospitalario 20 de Noviembre”, “Ins-
tituto Nacional de Cancerologifa” and “Instituto Na-
cional de Enfermedades Respiratorias”). Potential cases
were interviewed, either in the health care facilities or
at their homes, as soon as they were identified, usua-
lly before diagnosis, if they complied with the follo-
wing criteria: a) their age was 47 years or older, b) their
address was located in the greater Mexico City area
and c) they had started care for their current illness at
the health care facility. Over the ascertainment period
a total of 990 interviews were conducted of potential
cases identified at the study hospitals. Details on diag-
nostic procedures, pathology results and signs and
symptoms are in the process of being abstracted in a
standardized manner from the medical records. To
date, 665 medical records of potential cases from all
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the study hospitals have been reviewed. Of them, 385
correspond to both histologically and clinically confir-
med primary lung cancer, 72 to metastatic lung tumors
or other diseases and 208 to cases not yet classified as
lung cancer. The analysis in this paper is restricted to
the 385 confirmed lung cancer cases.

Controls were selected as follows: A multistage
household probabilistic survey was carried out in ear-
ly 1999 in the greater Mexico City area. Over 11 000
households were visited and a structured questionnaire
was administered to residents by trained interviewers.
From this survey, 8 393 persons were identified aged
47 years and older living in the selected households.
They constitute the sampling frame from which the
controls were randomly selected within strata by gen-
der, access to health care through social security and
5-year age groups (except for the first age group whi-
ch spanned from 47 to 50 years of age). The propor-
tions of controls selected in each stratum were determined
according to the proportions observed in potential cases
interviewed of the same stratum when 500 interviews
among them were completed, with the expectation of in-
terviewing one control per case. Controls were inter-
viewed in their households or at their workplace.

The same structured questionnaire was adminis-
tered to both cases and controls by two trained inter-
viewers who were not aware of the main study
hypotheses. Interviewers were randomly assigned to
administer interviews to cases on a weekly basis at
specific hospitals included in the study. Controls for
interviews were randomly assigned to the interviewers.
The administered questionnaire contained questions
on passive and active smoking exposure, biomass used
for cooking, physical activity and detailed information
on the addresses in which the interviewed persons have
lived, gone to school and worked while residing in
Mexico City.

Questionnaire data were entered twice and were
analyzed using Stata version 8.0. Odds ratios (OR) and
95% confidence intervals (95% CI) were obtained for
smoking exposure variables through unconditional lo-
gistic regression models. Due to the use of frequency
matching for control selection, all models included
terms for age (continuous measurement) and access
to social security. Models were fitted separately for each
gender and also for both genders. Models for both gen-
ders also included a term for gender. Finally, a model
including ever smoking and passive smoking at home
was fitted, which also included terms for the frequen-
cy matching variables just described.

Using this last model and information on the pre-
valence of ever smokers and passive smokers at home
in the control group, the population attributable risks
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(PARs) of lung cancer from these exposures were also
estimated for each gender and for both combined. Be-
cause frequency matching was used to select the con-
trols from the random sample of Mexico City residents
drawn in the 1999 survey, the prevalence of these expo-
sures in Mexico City was estimated by incorporating
the inverse of the probability weight of selection of a
control in each stratum with the matching variables.
PARs were obtained through a Monte Carlo simulation,
as described by Greenland.? One thousand dataset re-
plicates of the same size as the original dataset, with
observations selected with replacement were generated
for each gender and also for both genders. In each repli-
cation, an estimate was obtained of both the adjusted
odds ratio and the weighted prevalence of ever smokers
and passive smokers at home through the same methods
described for the original data. With these data a PAR
estimate was also obtained in each replication. Finally,
by obtaining the mean and standard deviation of the
complementary log transformation Lp = (1-PAR) in the
replications, the point estimate and corresponding 95%
CI for the PAR were obtained using the normal approxi-
mation formula presented by Greenland.

Results

Interviews were conducted in 898 controls which were
compared in this paper to 385 lung cancer cases.

Compared to lung cancer cases, controls had a slig-
htly greater proportion of females (Table I). Lung cancer
cases tended to be older than controls and represented a
greater proportion of persons with access to health care
through social security. Cases also showed a higher
proportion than controls of persons with 13 or more
years of schooling and a lower proportion of illiterate
persons.

Table II presents the effect, adjusted for the fre-
quency matching variables and educational level, of
several active and passive smoking variables on the
odds of lung cancer, separately for each gender and
for both genders. Male ever smokers increased their
odds of developing lung cancer by a factor of six, whe-
reas females increased their corresponding odds by a
factor of almost three. This difference, in effect, was
statistically significant. Current smokers had greater
odds for disease than former and never smokers in both
males and females, but again the effect of current and
former smoking on the odds of developing lung can-
cer was significantly greater for males. A consistent
upward trend towards higher relative odds was ob-
served with regard to the number of cigarettes smoked
per day in both genders. Odds ratios for this variable
werein fact similar among males and females. The odds
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TasLE |
SOCIODEMOGRAPHIC CHARACTERISTICS OF LUNG CANCER
CASES AND POPULATION CONTROLS IN Mexico CiTy

Cases Controls X2 p
(n=385) (n =898 value
No. % No. %

Gender

Male 258 67.0 553 61.6

Female 127 330 345 384 0.064
Age

47-49 6 1.6 5 0.6

50-59 101 26.2 277 308

60-69 136 353 311 34.6

70-79 109 283 200 223

80-102 33 8.6 105 1.7 0.020
Access to health
care through
social security

Yes 296 76.9 553 61.6

No 89 23.1 345 384 <0.001
Educational level
(years of school)

Illiterate 43 1.2 178 19.8

1-6 206 535 474 52.8

7-9 47 122 122 13.6

10-12 42 10.9 66 73

=13 47 122 58 6.5 <0.001

of developing lung cancer also increased as the dura-
tion of smoking increased and, in this case, the odds
ratios were also similar between genders.

Cumulative smoking exposure, measured in pack-
years, also showed a consistent direct relationship with
the odds of lung cancer, which was similar in both gen-
ders. Additionally, the odds of developing lung cancer
were higher the younger the person started smoking
and the effect of how young a person started smoking
on the odds of developing the disease was greater in
males. Being exposed to other persons smoking at
home increased the odds of developing lung cancer
by a factor of 1.8 in males and 1.7 in females.

The effect of quitting smoking is shown in Table
IIl. A never quitter would have reduced their risk of
developing lung cancer by 79% if they had never
smoked. If a male never smoker were to give up his
habit before he reaches 35 years of age he would redu-
ce his risk by 68%, and a woman in the same situation
would have reduced her risk by 57%. These data sug-
gest that quitting smoking at even older ages still ca-
rries an important reduction in risk, although the
sample size does not have sufficient power to estimate
such reduction for persons who have quit smoking at
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TasLe 1l
ObpbDs RATIOS! FOR LUNG CANCER FROM ACTIVE AND PASSIVE SMOKING EXPOSURE VARIABLES
IN Mexico CiTY, ACCORDING TO GENDER

Smoking exposure variable

Males Females Both genders
Cases/Controls ~ OR 95% Cl Cases/Controls ~ OR 95% Cl Cases/Controls OR  95% Cl

Ever Smoker?

No 22/197 [ 721274 | 94/471 |

Yes 236/356 6.3 3.9,102 55771 28 1.7,44 2917427 4.0 29,55
Smoking status’T

Never smoker 22/197 | 721274 | 94/471 |

Ex-smoker 99/181 5.0 3.0,84 22/35 2.1 I.1,39 1217216 32 22,45

Current 137/175 78 47,130 33736 35 20,62 1707211 49 3570
No. of cigarettes/day

Never smoker 22/197 | 721274 | 94/471 |

02-1.9 14/69 2.0 0.9,4.1 8/23 1.3 06,32 22192 1.5 0.9,2.6

2-39 18/92 1.8 0.9,3.6 924 1.3 0.6,3.0 271116 1.4 09,24

4-9.9 61/98 5.7 33,99 12/16 28 12,64 731114 44 29,6.6

10-14.9 47155 76 42,139 13/5 I.7 38,356 60/60 69 43,110

15-19.9 4724 19.1 9.7,375 8/l 23.1 28,194 55/25 162  9.1,288

20-60 49/18  25.1 12.3,51.2 512 10.1 1.8,56.5 54720 193 105,356
Duration of smoking, yr

Never smoker 22/197 | 721274 | 94/471 |

1-29 31787 34 19,63 12/18 2.0 09,45 43/105 24 15,37

30-39 55/89 54 3.0,9.5 15/23 23 I.1,48 707112 35 23,52

40-49 73/101 67 39,115 9/16 2.5 1.0,6.2 82/117 43 28,64

50-76 77179 10.3 58,183 19/14 49 22,106 96/93 66 44,101
Lifetime cigarette consumption,
Pack, yrf

Never smoker 22/197 | 721274 | 94/471 |

0.01-2.9 16/83 1.8 09,37 924 1.3 0.6,3.0 25/107 1.5 0.9,2.5

3.0-7.9 24179 28 14,53 10729 1.4 0.6,3.0 347108 1.9 1.2,3.1

8.0-18.9 51/94 5.0 29,89 11710 38 1.5,9.6 62/104 42 27,65

19.0-29.9 37155 63 34,117 9/5 6.4 2,209 46/60 54 33,88

30.0-49.9 64/36 160 87,295 1173 149 39,578 75139 136 82,224

50.0-156.8 44/9 494 207,1176 5/0 3 499 418 189,924
Age started smoking, yrST

Never smoker 22/197 | 721274 | 94/471 |

20-65 58/106 52 3.0,9.1 32/40 29 1.7,52 90/146 34 24,50

15-19 98/156 5.9 35,98 14/18 28 1.3,6.0 112/174 4.0 27,58

5-14 80/94 83 48,142 913 23 0.9,5.6 89/107 53 35,79
Passive smoking at home

No 232/521 | 81/260 | 313/781 |

Yes 26/32 1.8 I.1,32 46/85 1.7 I.1,2.8 72117 1.8 1.3,2.6

t Obtained through unconditional logistic regression models. All models adjusted for age, educational level and access to social security. Models for both

genders additionally adjusted for gender.

§ Gender interaction term statistically significant (p<.05) in logistic models.

T Term for trend in smoking variable statistically significant (p<.001) in each gender and both genders combined.

ages 50 years and older. A similar trend is also obser-
ved in Table III for the years since quitting smoking;
the longer the time since quitting the lower the odds
of developing lung cancer. For persons who had quit
smoking 15 or more years earlier the reduction in the
risk of developing lung cancer is 59% for both genders,
61% for males and 56% for females.
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Finally, Table IV presents the independent effect
of ever smoking and being passively exposed to smo-
king at home on the risk of developing lung cancer
while adjusting for educational level and the frequen-
cy matching variables. The odds ratios for these two
variables, in each gender and also in both genders com-
bined, are essentially not affected by the simultaneous
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TasLe Il
PerceNT REDUCTION (PR) IN THE RISK OF LUNG CANCER THAT A NEVER QUITTER WOULD HAVE ACHIEVED
BY CHANGING HIS/HER SMOKING HABIT IN Mexico CiTy

Change in

smoking habit Males

Females Both genders

Cases/Controls PR 95% Cl Cases/Controls PR 95% Cl Cases/Controls PR 95% Cl

Age quitting smoking, yr

Never quitter 137/175 0 33/36 0 170/211 0

50-85 66/97 21.3 -19.3,48 I5/18 175 -97.8,65.6 8I/T15 20.1  -15.9,449

35-49 24/49 40.3 -3.7,65.6 5/13 62.6 -19.7,883 29762 449 9.4,66.5

12-34 9/35 676 293,852 2/4 572 -157.6,929 11/39 643 272,825

Never smoker 22/197 87.1 785,922 721274 71.3 488,839 94/471 795  71.1,855
Years since quitting

Never quitter 137/175 0 33/36 0 170/211 0

2-4 19/18 -232  -1489,39 5/5 -10.5  -338,72.1 24723 200 -123.8,35.7

5-14 40/49 35 -579,4l.1 9/13 355  -779,76.6 49/62 93 411,417

15-63 40/114 61.0 386,752 8/17 56. -189,838 48/131 59.0 383,727

Never smoker 22/197 87.1 785,922 721274 71.3 488,839 94/471 795  7I1.1,855

T PR = (1-OR)*100. ORs obtained through unconditional logistic regression models. All models adjusted for age, educational level and access to social

security. Models for both genders additionally adjusted for gender.

TTerm for trend in smoking variable statistically significant (p<.001) in each gender and both genders combined.

TasLE IV
MULTIVARIATE ASSESSMENT OF THE EFFECT OF PASSIVE AND ACTIVE SMOKING ON LUNG CANCER RISK
AND SMOKING POPULATION ATTRIBUTABLE RISKS FOR THE POPULATION AGED 47 YEARS AND OLDER LIVING
IN Mexico CiTY, ACCORDING TO GENDER

Gender and
smoking exposure Exposure effect Exposure PrevalenceST Population Attributable Risk"
OR? 95% Cl % 95% Cl % 95% Cl
Males
Ever Smoker 6.2 3.8,10.0 65.0 60.8,69.3 76.3 62.4,85.1
Passive smoking at home 1.5 09,28 7.0 4.6,94 39 -1.9,9.4
Females
Ever Smoker 2.7 1.7,4.4 21.8 16.8,26.9 27.2 12.6,39.3
Passive smoking at home 1.7 1.1,2.8 26.9 214,323 16.9 0.6,30.5
Both genders
Ever Smoker 4.0 29,54 41.6 37.9,45.3 54.9 445,634
Passive smoking at home 1.8 1.2,2.5 17.8 14.5,21.0 12.1 35,199

T ORs through unconditional logistic regression models including passive and active smoking variables shown. All models adjusted for age, educational
level and access to social security. Models for both genders additionally adjusted for gender.
§ Estimated from control prevalence, weighted for selection probabilities of potential controls in population survey

T Obtained by Monte Carlo simulation

adjustment for each other (compare to the correspon-
ding odds ratios shown in Table II). Also shown in Ta-
ble IV is the estimated prevalence of ever smoking and
passive smoking for the greater Mexico City area po-
pulation aged 47 years and older. In this population,
65% of males are ever smokers, whereas the correspon-
ding percentage for females is roughly one third of that
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observed in males. However, the prevalence of passi-
ve smoking in females is 27%, almost four times grea-
ter than the prevalence estimated for males. Overall,
55% of lung cancer cases arising in Mexico City are
attributable to active current or past smoking and 12%
to passive smoking at home. The fraction of cases at-
tributable to active smoking is larger for males than
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for females (76% vs. 27%). The opposite is true for pas-
sive smoking, which is responsible for 17% of lung can-
cer cases arising in female residents of Mexico City,
whereas in males, passive smoking is responsible for
less than 5% of lung cancer cases (a figure not adequa-
tely estimated by our sample size).

Discussion

The association between both active and passive smo-
king and lung cancer in Mexico City residents has been
presented according to the preliminary analysis of the
population-based case-control study. Several features
of the study’s design and implementation must be eva-
luated in order to adequately interpret the results.

The first topic has to do with how representative
the cases are of those cases arising in Mexico City. All
of the tertiary care public hospitals existing in the city
were included. Because of the expensive treatment for
this disease, it is believed that a small proportion of
lung cancer cases are seen in private hospitals. Alter-
natively, the possibility exists that a significant propor-
tion of lung cancer patients are never seen at tertiary
care hospitals. This is suggested by the fact that
approximately 1 400 lung cancer cases was expected
to be ascertained from official mortality data, yet it was
possible to detect only 990 probable cases. However, it
is difficult to believe that lung cancer cases seen at ter-
tiary care centers in Mexico City are selected on the
basis of smoking exposure variables, and therefore, it
is contended that the cases in this study approximate-
ly represent the smoking exposures existing in all ca-
ses arising in the city. Of course, we did not analyze all
the lung cancer cases interviewed in the study as me-
dical chart review and diagnostic confirmation is still
ongoing. Nevertheless, it is believed that the analyzed
cases represent the entire case series of this study with
regard to the exposures evaluated, since cases inclu-
ded in this report were not selected on the basis of smo-
king exposure variables and come from all the hospitals
participating in the study.

In addition, our controls were selected from a ran-
dom sample of greater Mexico City area residents. In
order to increase the comparability of cases and con-
trols and in the absence of reliable case data, an imper-
fect frequency matching on age, gender and access to
social security was performed, since it was based on pro-
bable rather than confirmed lung cancer cases. None-
theless, the matching variables were always included
in the estimation of odds ratios relating smoking expo-
sures and lung cancer. Estimates of the prevalence of
the smoking variables in the city were also corrected
considering the selection probabilities of the controls.
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Exposure misclassification of smoking variables was
attenuated by several strategies. First, the two inter-
viewers were trained to correctly administer the questio-
nnaire in the same fashion. Second, the interviewers were
assigned in a random fashion and therefore performed a
similar number of interviews of cases detected in each
hospital and a similar number of interviews in controls.
Third, interviewed cases were interviewed during their
first visits to the clinic, when the diagnosis of lung cancer
had usually not been established. In fact, the relative odds
presented in Table IV, when including all probable cases
interviewed (990), are attenuated for both ever smoking
and passive smoking, indicating that the non lung can-
cer probable cases interviewed had a lower prevalence
of such exposures (data not shown). Disease misclassifi-
cation would also have a small impact on this study’s
results since only clinically and histologically confirmed
primary lung cancer cases were analyzed.

With regard to the effect of active cigarette smo-
king, this study finds similar results to other studies
conducted in different parts of the world.*® In this stu-
dy an increasing risk in lung cancer has been obser-
ved, both in males and females, with regard to age at
the start of smoking, number of cigarettes smoked per
day, duration of smoking and cumulative dose mea-
sured in pack-years. A beneficial effect on lung cancer
risk by quitting smoking, particularly before age 35,
has also been shown, as well as a substantial reduc-
tion in the risk of lung cancer, particularly after 15 years
or more, which is consistent with other studies.®® In
addition, this study indicates that ever smoker women
show half the odds ratio observed in men. This diffe-
rence is explainable by differences in smoking intensi-
ty between genders in Mexico. Indeed, female lung
cancer cases in this study had an average pack-years
of 9.3 compared to 28.3 observed in our lung cancer
cases. Furthermore, studies conducted in other coun-
tries have not found differences in susceptibility to lung
cancer between males and females.” 1°

This study has also shown an inverse relationship
between socioeconomic status and lung cancer, con-
trary to what has been observed in studies from deve-
loped countries. Nevertheless, the findings presented
in this paper are supported by the fact that in Mexico
the prevalence and intensity of tobacco smoking is hig-
her as income or educational level rises.!> 13

Regarding passive smoking, this study finds an
odds ratio close to two, very similar to that found in
other studies conducted in different parts of the world."*
1 As in other studies, this study also found a similar
effect of passive smoking in males and females.

It has been estimated that in the population aged 47
years and older residing in Mexico City, roughly three in
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every four lung cancer cases occurring in males and one
in every four lung cancer cases occurring in females are
due to current or former active smoking. This is similar
to findings in Japan, but unlike findings from the other
countries where greater attributable risks of active smo-
king on lung cancer have been reported.” 2 This dis-
crepancy can be explained by differences in smoking
intensities between different countries. A reassuring fact
in this study is that the proportion of lung cancer cases
that would be left over in males and females by elimina-
ting completely active smoking would similar between
genders, given that in our country men lung cancer mor-
tality, and probably also incidence, is three times higher
in men than in women.

Passive smoking, on the other hand, is responsible
for 17% of lung cancer cases arising in women in Mexi-
co City and possibly less than 5% of the lung cancer ca-
ses arising in men. The fact that this study reports the
prevalence of passive smoking in women as close to four
times that reported in men suggests that men probably
tended to report this exposure less than women.

Nevertheless, this study finds that approximately
one third of lung cancer cases arising in Mexico City
are not explained by either active or passive smoking
and that this percentage is considerably greater in fe-
males. Besides smoking, several risk factors associa-
ted with lung cancer have been found. In this sense,
there seems to be a genetic susceptibility to developing
the disease in both smokers and non smokers as re-
cent familiar aggregation studies have shown. % Su-
pporting this evidence are several molecular studies
that have found polymorphism in several detoxifying
or DNA repairing enzymes associated with lung can-
cer risk.2% % Also, particularly in females, biomass use
has been positively associated with lung cancer risk in
several epidemiologic studies.?*! Finally, another fac-
tor that may be of importance in lung cancer etiology
in Mexico is indoor radon exposure, which in recent
case control studies has been found to be related to
lung cancer.*>3 Indeed, the authors of this report have
found high radon concentrations in houses in some
areas of Mexico City® and plan to evaluate the role of
radon exposure in lung cancer etiology in Mexico City
in the case-control study.
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