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RESUMEN

Antecedentes

El tabaco mata a casi 6 millones de personas cadafio. De ellos, més de 5 millones son o han
sido consumidores del producto. En Espafia, se han uwantificado ademds entre 1.200 y 3.200
muertes anuales en la poblacién no fumadora atribiiles a la exposiciéon al humo ambiental del
tabaco. Desde que Espafia ratificara el Convenio Maro de la Organizacién Mundial de la Salud
para el Control del Tabaquismo se han implementadados leyes de medidas sanitarias frente al
tabaquismo. La Ley 28/2005 entré en vigor el 1 de rero de 2006 y prohibia fumar en todos los
espacios publicos cerrados con importantes excepcines en el sector de la hosteleria. El 2 de
enero de 2011 entr6é en vigor la Ley 42/2010 que exende la anterior ley a todos los espacios
publicos cerrados, incluyendo los locales de restamacion y hosteleria, y algunos al aire libre,
como parques y lugares de ocio infantil, colegios yecintos hospitalarios.

Hipotesis

1.- La implementacién de medidas sanitarias frentel tabaquismo disminuye tanto la exposicién
percibida al humo ambiental del tabaco como la conentracién de cotinina en saliva de la
poblacién adulta no fumadora.

2.- El consumo de tabaco entre la poblacion fumadar se verd levemente reducido después de
la implementacién de medidas sanitarias.

3.- Se observardn niveles de exposiciéon al humo amiental del tabaco por encima de los
minimos anuales permitidos por las guias de calidadlel aire de la Organizacién Mundial de la
Salud (10 pg/m’ para las PM, 5) en las zonas de fumadores al aire libre y en ladocalizaciones
interiores adyacentes a estas zonas.

4.- Existen zonas al aire libre dénde coincide quela poblacién no fumadora se siente
especialmente expuesta y los fumadores declaran fumr. La poblacién apoya la

implementacién de espacios exteriores libres de hum en determinadas localizaciones.
Objetivos

1.- Evaluar el impacto de las medidas sanitarias pra la prevencién y control del tabaquismo
implementadas a nivel nacional (Ley 28/2005 y Ley 2/2010) en la poblacién adulta no
fumadora mediante la medicién de la exposicién al hmo ambiental del tabaco (referida y
mediante cotinina en saliva) antes y después su impementacion.

2.- Evaluar los cambios de prevalencia de consumo d tabaco y el patrén de consumo de tabaco
entre la poblacién fumadora antes y después de lamplementacion de la Ley 28/2005 y la Ley

42/2010.
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3.- Revisar la literatura cientifica que mide objetvamente la exposicién al humo ambiental del
tabaco en espacios abiertos y semiabiertos medianteel uso de marcadores bioldgicos y
ambientales del tabaco.

4.- Caracterizar el consumo de tabaco y la exposiagin al humo ambiental del tabaco en lugares
al aire libre y analizar las opiniones y creenciasle la poblacién hacia las politicas de control del

tabaquismo en estos lugares.
Metodologia

Para conseguir los objetivos propuestos se realizaun estudio antes-después mediante 2
encuestas transversales de muestras representativasde la poblacion adulta £16 afios) de la
ciudad de Barcelona. La primera encuesta se realizéen 2004-05 y la segunda en 2011-12,
siguiendo la misma metodologia. Se analiza la expoxidon al humo ambiental del tabaco
percibida en el hogar, en el lugar de trabajo y/o entro de estudios, durante el tiempo libre y en
el transporte (cuestionario administrado) y medidaobjetivamente mediante cotinina en saliva.
Se analizan los cambios de prevalencia de consumo d tabaco y las caracteristicas de consumo
entre la poblacién fumadora. Se evaltian las percepwmnes y creencias de la poblacién hacia las
politicas libres de humo en espacios exteriores methnte cuestionario. Finalmente se realiza una
revision sistemdtica de la literatura que ha medidda exposicién al humo ambiental del tabaco

en espacios exteriores mediante marcadores ambienttes y/o biolégicos del tabaco.
Resultados

Globalmente, se observé una disminucion de la expoicion autoreportada al humo ambiental del
tabaco y en las concentraciones de cotinina medidasen saliva en los adultos no fumadores
después de la implementacién de las medidas de combl del tabaquismo. Esta disminucién se
observo en todos los ambientes estudiados. La previencia de consumo de tabaco autoreportado
disminuy6 entre el periodo 2004-2005 y 2011-2012 (dl 26,6% al 24,1% entre los fumadores
diarios). Se observa una reduccién importante de laprevalencia de fumadores de cigarrillos
manufacturados y un aumento de la prevalencia de fmadores de cigarrillos de liar en los afios
2011-2012 en comparacion a la informacién recogidaen 2004-2005. De acuerdo a los datos
obtenidos en la encuesta realizada en los aflos 20142012, podriamos describir las caracteristicas
de los fumadores de cigarrillos de liar como: hombes, con edades entre los 16 y 44 afios y con
nivel educativo més alto. Los fumadores de cigarribs de liar reportaron baja dependencia a la
nicotina y fumar pocos cigarrillos, sin intencidn d dejar de fumar e inhalar mas profundamente

que los fumadores de cigarrillos manufacturados.

Los estudios que se incluyeron en la revision sistmdtica mostraron que las concentraciones de
PM, 5 en los espacios al aire libre donde hay presenciale fumadores variaban desde 8,32 a 124

pg/m’ en la hosteleria y entre 4,60 y 17,80pug/m’ en otras localizaciones. La mayoria de los
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estudios incluidos mostraron una asociacién positiz entre las mediciones de humo ambiental
del tabaco y la densidad de fumadores, las caractefsticas estructurales del espacio exterior, las

condiciones del viento y la proximidad a los fumadces.

Los datos recogidos en el 2011-2012 mostraron que ds no fumadores reportaban estar
expuestos en la mayoria de los espacios exterioresdlonde los fumadores reportaron fumar. Los
datos indicaron un gran apoyo a la prohibicién dedmar en la mayoria de los espacios exteriores
estudiados y que fue mayor entre los no fumadoresM4ds del 70% de los participantes apoyaron

los espacios libres de humo en parques infantilesgxteriores de colegios y recintos hospitalarios.
Conclusiones

Los resultados obtenidos muestran el impacto positio de la implementacién de las leyes para el
control del tabaco en Espaiia (Ley 28/2005 y Ley 42010), con el resultado de una disminucién
de la exposicién al humo ambiental del tabaco evidaciada tanto en la exposicién autoreportada
como en las concentraciones de cotinina cuantificads en saliva, de la poblacién adulta no
fumadora en Barcelona, Espaiia. El aumento de la prealencia de fumadores de tabaco de liar,
especialmente entre la gente joven deberia considearse en la agenda politica para desarrollar
futuras intervenciones eficientes para el control dl tabaquismo y recomendaciones para la
poblacién general. El gran apoyo observado para detrminadas localizaciones exteriores libres
de humo sugiere la factibilidad de extender la proibicion de fumar a estos espacios para
proteger a los no fumadores de la exposicién al hum ambiental del tabaco y establecer un

modelo positivo para los jovenes.
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ABSTRACT

Background

Tobacco kills nearly 6 million people each year. Fom them, more than 5 million are or have
been smokers. In Spain, we attribute to second-handsmoke exposure between 1,200 and 3,200
deaths per year in the non-smoking population. Steped smoke-free legislation have been
implemented in Spain since the ratification of theWorld Health Organization Framework
Convention for Tobacco Control. Law 28/2005 came it force on January 1st, 2006, and
banned smoking in all enclosed public places with eme exceptions in hospitality venues. On
the 2nd of January, 2011, Law 42/2010 extended théan to all enclosed public places, including
hospitality venues, and some outdoor areas, such asplaygrounds, educational and hospital

campuses.
Hypotheses

1. - The implementation of tobacco smoke-free polies reduces second-hand smoke exposure
(self-reported and assessed by means of salivary ctinine) among non-smoking adults.

2. - Tobacco consumption will be slightly reduced fter the implementation of tobacco
policies.

3. - Second-hand smoke levels in outdoor smoking aras and their adjacent indoor areas will
raise the annual recommended levels by the air qualy guidelines of the World Health
Organization (10 lvlg/m3 for PM, ).

4. — Non-smokers reported SHS exposure in outdoor sttings in which smokers reported
smoking. The general population supports the implemntation of smoke-free outdoor areas in

certain locations.

Objectives

1. - To assess the impact of smoke-free legislationimplemented in Spain (Law 28/2005 and
Law 42/2010) in the non-smoking adult population bymeasuring second-hand smoke exposure
(self-reported and by means of salivary cotinine cacentrations) before and after its
implementation.

2. - To evaluate the changes in the prevalence of moking in the population and the smoking
pattern among the smokers before and after the impdmentation of Law 28/2005 and Law
42/2010.

3. - To review the scientific literature that objetively measures second-hand smoke exposure in

open and semi-open settings using tobacco biomarkes and environmental markers.
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4. - To describe tobacco consumption and second-had smoke exposure in outdoor areas and to
evaluate the opinions and beliefs of the adult poplation towards tobacco control policies in
these areas.

Methods

We performed a before-after study using two cross-sctional surveys of representative samples
of the adult population £16 years) in Barcelona. The first survey was conduted in 2004-05 and
the second in 2011-12, with the same methodology. W evaluate self-reported second-hand
smoke exposure at home, work/educational venues, drning leisure time, and in public and
private transportation vehicles (face-to-face quedbnnaire) and objectively measured by salivary
cotinine. We evaluate changes in the prevalence ofSmoking and the smoking pattern among
smokers. We describe attitudes towards smoke-freedgislation in outdoor settings. Finally, we
review the literature that measured second-hand smke exposure using environmental and/or

biomarkers of tobacco exposure.
Results

Overall, we observed a reduction in self-reported gposure to second-hand smoke and salivary
cotinine concentration in adult non-smokers afterlie implementation of smoke-free legislations.
This reduction was observed in all settings studied We observed that smoking prevalence
decreased over the period 2004-2005 and the period2011-2012 (from 26.6% to 24.1% in self-
reported daily smokers). Our results indicated an mportant reduction in the prevalence of
smokers of manufactured cigarettes and an increasdn the prevalence smokers of roll-your own
cigarettes in 2011-2012, comparing with the data clected in 2004-2005. According to the data
obtained in 2011-2012 we may define the pattern ofroll-your own cigarettes users as: being
men, aged 16-44 years old, and with higher educatinal level. Roll-your own cigarettes smokers
also reported low dependence to nicotine, had no itention to quit, reported to smoke few

cigarettes a day and to inhale more deeply than manfactured cigarettes smokers.

Studies included in the systematic review showed tht mean PM, s concentrations reported for
outdoor smoking areas when smokers were present raged from 8.32 to 124 ug/m’ in hospitality
venues, and from 4.60 to 17.80 pg/m’ in other locations. Most studies reported a positie
association between second-hand smoke measures andsmokers’ density, enclosurement of

outdoor locations, wind conditions, and proximityd smokers.

Data collected in 2011-2012 showed that non-smokergperceived second-hand smoke exposure
in most of outdoor settings in which smokers repoxtd smoking. There was great support for
banning smoking in the majority of outdoor areas, Wich was stronger among non-smokers than
smokers. Over 70% of participants supported smokeifee playgrounds, school and high school

courtyards, and the outdoor campuses of healthcareenters.
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Conclusions

This study showed the positive impact of a steppedsmoke-free legislation (Iaws 28/2005 and
42/2010) that was accompanied by a large reductionin second-hand smoke, both self-reported
and assessed by means of salivary cotinine levels,in the adult non-smoking population in
Barcelona, Spain. The increase in the prevalence ofroll-your own cigarettes users, especially
among young people should be consider by policymakes to develop efficient tobacco control
interventions and recommendations for the populatin. The strong support for some smoke-free
areas also suggests the feasibility to extend smokig bans to selected outdoor settings to protect

non-smokers from second-hand smoke exposure and t@stablish a positive model for youth.
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1.1. El consumo de tabaco

1.1.1. Efectos sobre la salud y muerte atribuible al consmo de tabaco

El consumo de tabaco es la principal causa de pérdla de salud y de muerte prematura en los
paises desarrollados. Es un factor de riesgo paraeis de las ocho causas principales de muerte en
el mundo: cardiopatia isquémica, enfermedades cerebovasculares, infecciones del tracto
respiratorio inferior, enfermedad pulmonar obstrudiva crénica, tuberculosis y cédncer de
pulmoén(1). El tabaco mata a casi 6 millones de persnas cada afio, y de ellas, mas de 5 millones
son o han sido consumidores del producto. A menos ge se tomen medidas urgentes, la cifra

anual de muertes podria ascender a mas de 8 millongen 2030(1).

En Espaiia, en el afio 2006 se produjeron 53.155 muees atribuibles al tabaquismo en
individuos > 35 afios, lo que supone el 14,7% (25,1% en varonesy 3,4% en mujeres) de todas
las muertes ocurridas en los mismos. Por causas, dstacaban las muertes atribuibles por:
tumores malignos (24.058), especialmente cancer de pulmén (16.482); enfermedades
cardiovasculares (17.560), especialmente cardiopati isquémica (6.263) e ictus (4.283); y
enfermedades respiratorias (11.537), especialmenteenfermedad pulmonar obstructiva crénica
(9.886) (2). Estas pérdidas junto a las multiples ptologias asociadas al tabaquismo generan un

elevado coste econémico y social.

1.1.2. Epidemia del tabaquismo

En los dltimo afios, como consecuencia de la creciete concienciacion de la poblacion sobre los
efectos nocivos del consumo de tabaco y las politias de control del tabaco promovidas por el
Convenio Marco de la Organizacion Mundial de la Sald (OMS) para el Control del Tabaco
(CMCT) (3), se observa una disminucién de la previencia de consumo de tabaco en muchos

paises desarrollados, incluyendo Espaiia.

La epidemia del tabaquismo y su evolucién en el timpo puede explicarse a partir del modelo de
difusién propuesto por Lépez y cols.(4). Este moded describe cuatro fases que vendrian
determinadas por tres factores: la prevalencia de dmadores diarios en la poblacién adulta, la
cantidad fumada por adulto en un periodo determinad, y la mortalidad atribuible al consumo de
tabaco (Fig. 1). La Fase I dura una o dos décadas yse caracteriza porque la prevalencia de
consumo es inferior al 15% en los hombre y en las mjeres no supera el 10%. El consumo anual
per cépita es inferior a 500 cigarrillos por adultoy la enfermedad y muertes asociadas al

tabaquismo atin no son evidentes. La fase II suele drar entre 2 y 3 décadas. La prevalencia de

19



consumo de tabaco en hombres alcanza valores de ene 50 y 80% y el consumo de tabaco en
mujeres se inicia practicamente en esta fase y va mmentando rdpidamente. El consumo medio
se estima entre 1.000 y 3.000 cigarrillos anualessiendo mayoritario en hombres (2.000-4.000
cigarrillos anuales). Al final de esta fase aproximdamente un 10% de las muertes en los
hombres se relaciona con el consumo de tabaco. Ladse III dura unas 3 décadas y se caracteriza
por un descenso de la prevalencia del consumo de thaco en los hombres hasta llegar
aproximadamente al 40% al final de la etapa. La prealencia de consumo de tabaco entre las
mujeres se estabiliza entre un 35 y 45%. El consumade tabaco en hombres podria variar entre
3.000 y 4.000 cigarrillos por afio, mientras que enlas mujeres variaria entre 1.000 y 2.000
cigarrillos por afo. La mortalidad asociada al comsmo de tabaco aumenta hasta el 25-30% en
hombres, mientras que en las mujeres es comparativmente mas baja (aproximadamente el 5%
de todas las muertes). En la fase IV la prevalenciale consumo de tabaco disminuye en ambos
sexos, llegando a valores similares (alrededor del30% en mujeres y 35% en hombres). La
mortalidad atribuible al consumo de tabaco alcanzain el 30-35% de todas las muertes en

hombres y el 20-25% en mujeres.

Figura 1. Modelo de la epidemia del tabaquismo propesto por Lopez y cols.
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1.1.3. Epidemia del tabaquismo en Espaia
La epidemia del tabaquismo en Espafia en la actualidd se sitda al principio de la fase IV del

modelo de difusiéon propuesto por Lépez et al., quese caracteriza por la disminucién en la

prevalencia de consumo de tabaco entre los hombres,un mantenimiento sostenido entre las
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mujeres, y una morbimortalidad atribuible al tabacajue disminuye entre los hombres y aumenta
entre las mujeres(5). Segiin datos de la Encuesta Naional de Salud (ENS) durante el periodo de
1987 a 2006 se observa en los hombres un descenso elativo promedio anual del 2,2% en la
prevalencia de fumadores actuales (diarios y ocasinales); en las mujeres se detectan dos tramos
temporales: un primer periodo, de 1987 a 2001, en Ecual se observa un incremento del 1,2%, y
un segundo periodo de 2001 a 2006 en el cual descirde anualmente un 2,9% (Fig. 2). Este
patrén se repite, pero en orden inverso, en la preslencia del abandono: en los hombres aumenta
un 3% anual durante todo el periodo, mientras que B las mujeres no se observan cambios de
1987 a 1997; sin embargo, a partir de ese afio se ppduce un fuerte incremento del 5,9% anual.
La prevalencia de consumo en la poblacién adulta erel afio 2011, segtin la ENS, es de 27,1%,

con un 27,9% de los hombres y el 20,2% de las mujes fumadores(6).

Figura 2. Prevalencia (%) de fumadores diarios, polaciéon >16 aifios, Espaiia, 1978-2011.
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Fuente: Elaboracion propia a partir de la EncuestaNacional de Tabaco de 1978, las

Encuestas Nacionales de Sanidad (1987, 1993, 19972001, 2006 y 2011) y la Encuesta de
Salud Europea para Espaia de 2009.

Un andlisis de la tendencia de las ventas de cigarndlos en Espafa durante el periodo
comprendido entre 1989 a 2008(7) refleja que en uncomienzo las ventas experimentaron un
descenso anual del 1,6%; luego se produjo un incremanto anual del 4,9% entre los afios 1996 y
2000, y a partir de entonces se recupera el descens anual del 1,6%. Otro estudio describe la
tendencia de consumo de cigarrillos manufacturadosy de los cigarrillos de liar entre 1991 y
2012 y las proyecciones para el 2020(8). Los resultdos muestran que el consumo diarioper
capita de cigarrillos manufacturados disminuye en promedi un 3,03% por aiio, de 7,6 unidades
en 1991 a 3,8 unidades en el 2012. Sin embargo, econsumo diario per capita de cigarrillos de

liar aumenta en promedio un 14,08% anual, desde 0,® hasta 0,92 unidades de 0,5 gramos (que
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representan el 0,9% y el 19,6% de todos los cigartios per capita, respectivamente). La
proyecciones del consumo diarioper capita hasta el 2020, segin este estudio, indican una
disminucién de los cigarrillos manufacturados (1.75unidades per capita), pero un aumento de
los cigarrillos de liar (1,25 unidadesper capita, que representan el 41,6% de los cigarrillogper

capita independientemente del tipo de cigarrillo).

1.2.Humo Ambiental del Tabaco (HAT)

1.2.1. Definicién y composicion

El humo ambiental del tabaco (HAT) es una mezcla demiles de particulas y gases emitidos
por el humo exhalado por los fumadores activos (caiente principal o primaria) y por el humo
que proviene del extremo del cigarrillo (corrientelateral o secundaria). El HAT contiene
aproximadamente unos 4.500 componentes entre los cales mds de 50 de ellos han sido
reconocidos como carcinégenos humanos por la IARC,ademds de otros muchos agentes

toxicos e irritantes(9;10).

1.2.2. Efectos de la exposicion al HAT sobre la salud

No existen dudas en la actualidad que el “tabaquism pasivo” (o exposicién al humo ambiental
del tabaco o tabaquismo involuntario o “second-handmoke” en inglés), es decir, la inhalacion
de humo del tabaco por los no fumadores, es tambiérrausa de enfermedad(1;10;11): bajo peso
al nacer y aumento del riesgo de enfermedades respitorias en nifios y nifias, cdncer de pulmén
y enfermedades coronarias. Ademads, las revisiones pnen en evidencia que no existe un nivel de
exposicién al HAT que esté libre de riesgo(12). Aatalmente se ha estimado la carga de
enfermedad mundial de la exposicién al HAT en 603.00 defunciones anuales(13). Se estima
que mundialmente, en el 2004, la exposicién al HATfue responsable de 379.000 muertes por
cardiopatia isquémica, 21.400 muertes por cancer depulmén, 165.000 por enfermedades del
tracto respiratorio inferior, y 36.900 por asma(13)En la Unién Europea y atendiendo a las
cuatro principales enfermedades relacionadas con ekabaquismo pasivo, se estima que fallecen
79.000 no fumadores al afio(14). En Espafa, se atribyen entre 1.228 y 3.237 muertes por

céncer de pulmén y cardiopatia isquémica a la expoién al HAT en el afio 2002(15).

La mayor parte de la evidencia publicada sobre losefectos para la salud de la exposicién al
HAT se basa en investigaciones sobre exposiciones alargo plazo(10). Sin embargo, algunos
estudios recientes también han reportado evidenciade efectos a corto plazo en poblacién no
fumadora después de haber estado expuesta al HAT,ales como irritacién de los ojos y de las

vias respiratorias (16). Incluso existe evidencia ge demuestra que exposiciones al HAT breves
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y a corto plazo pueden provocar efectos adversos ignificativos sobre el sistema respiratorio

(17) o incluso podrian contribuir al aumento del "@sgo de mortalidad cardiovascular(18).

1.2.3. Medida de la exposicion al HAT

La exposicion al HAT puede ocurrir tanto en los lugres de residencia (en los propios
domicilios de los no fumadores) como en los lugarede trabajo, ademds de en otros lugares
publicos o privados (p.ej zonas recreativas y de om, como bares y restaurantes). La
prevalencia de exposicién al HAT en personas no fumdoras varia considerablemente en

funcion del pais y el tipo de regulacion existentey el lugar de la exposicion.

Los estudios poblacionales sobre exposicion al HATincluyen tanto medidas subjetivas
(cuestionarios de percepciéon) como marcadores objdwvos, que son sustancias que se

encuentran en el HAT.

Los cuestionarios son titiles para hacer una valoracién cualitativa d la exposicién y han sido
muy utilizados para evaluar la exposiciéon al HAT epecialmente en estudios prospectivos y
retrospectivos sobre sus efectos agudos y crénicosy para evaluar la prevalencia de exposicion
y/o el consumo y caracteristicas de consumo del tabco. Entre las ventajas del uso de
cuestionarios destacan su sencillez y rapidez en suaplicaciéon y que se trata de un método
econdmico para estudios en poblaciones grandes. Sirembargo, se trata de un método subjetivo

sometido a un sesgo de informacién y/o recuerdo.

El uso de marcadores nos permite cuantificar la concentracion de HAT deuna manera
precisa y objetiva. Un buen marcador del HAT tienaque cumplir ciertas caracteristicas: tiene
que ser especifico del HAT y, en caso de no ser epecifico lo mds selectivo posible; que sea
facilmente detectable y de muestreo sencillo; la cacentracién del marcador debe de aumentar
de manera proporcional al aumento del HAT; el métod de andlisis tiene que ser
suficientemente sensible y econdémicamente asequiblg su concentracién debe poder
relacionarse con la de otros compuestos del HAT; ydebe tener una conducta consistente bajo
un rango de condiciones ambientales. Entre los maradores del HAT debemos distinguir los
marcadores biolégicos de exposicién individual y le marcadores aéreos, mds féiciles de

obtener que los primeros(9;19).

Los marcadores biolégicosse miden a través de los fluidos corporales como angre, orina o

saliva, o bien en el cabello o dientes. Entre ellosencontramos, por ejemplo, el monéxido de

23



carbono, la nicotina o la cotinina (principal metablito de la nicotina), que miden de manera

muy sensible y especifica la exposicién involuntai al tabaco.

La nicotina en fluidos corporales tiene una vida media de 2-3horas antes de metabolizarse a
cotinina. Es altamente especifica del tabaco y, augue existen otras posibles fuentes de
nicotina, como algunas plantas de la familia de lasolandceas (hortalizas y féculas) de amplio
consumo como el tomate, patata o te, en estos casosla concentracién de nicotina es

insignificante en comparacion con la nicotina que poviene del consumo de tabaco(20).

La cotinina es el metabolito mds importante de la nicotina y pade ser medido en diferentes
fluidos corporales como marcador de la exposicién da nicotina inhalada, pues es especifico
del tabaco, es facilmente detectable y mantiene unarazén constante con otros productos del
tabaco. Ademads, su vida media (15-17 horas) es mdslarga que la de la nicotina que se
metaboliza rdpidamente (2-3 horas) y nos informa dda exposicién al tabaco en los tltimos 5-
7 dias. El mejor indicador de la dosis absorbida denicotina es la concentracién de cotinina en
sangre, pero los niveles sanguineos pueden ser estnados razonablemente bien mediante los

niveles de cotinina en saliva u orina(20).

El monoxido de carbono (CO)esta presente tanto en la corriente principal comoen la
corriente secundaria y puede medirse su concentracin en el aire espirado después de retener
la respiraciéon o en forma de carboxihemoglobina ensangre. Aunque el CO y la
carboxihemoglobina se han utilizado para distinguirn los fumadores de los no fumadores, por
lo general no son buenos marcadores de la exposicih al HAT porque no son ni muy
especificos ni selectivos. Ademas de originarse duante la combustién del tabaco, se
encuentran en otros procesos de combustién y tienemna vida media relativamente corta (2-

4h) por lo que sélo serfa util como marcador de expsiciones recientes(9;11).

Los marcadores aéreospermiten obtener niveles de HAT en diferentes miawzambientes y son
mads faciles de obtener que las muestras biolégicasDentro de éstos encontramos la nicotina
aérea, las particulas respirables en suspension o ECO. Para medir estos marcadores aéreos
pueden utilizarse métodos directos o indirectos. Le directos se basan en monitores de uso
individual. Los indirectos pretenden medir las conentraciones de diferentes componentes del
HAT haciendo medidas en localizaciones fijas. Estopermite tener una estimaciéon de la
contribucién del HAT en los niveles de contaminante aéreos en lugares cerrados, pero no es

una medida directa de la exposicién individual tothal HAT(9).

La nicotina aéreacs un componente semivolatil organico exclusivo dehumo del tabaco y es el
mads usado como marcador ambiental del HAT por su egecificidad. Ademads presenta una buena

correlacion con los niveles de material particuladdPM) y cotinina en orina y saliva y se emite
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en grandes cantidades desde la corriente secundari@l 1). La nicotina aérea puede medirse con
diferentes métodos(9)ya sea de manera directa a través de monitores de so individual(21-23) o
a través de medidas indirectas con monitores fijos,que es un método mds simple y
econdmico(24). Este marcador ha sido utilizado paramonitorizar los niveles de HAT ya sea en

lugares publicos o privados y para medir la exposimn individual de los fumadores pasivos(19).

Las particulas respirables en suspension (RSP)ke definen como particulas de naturaleza sélida
y/o liquida y con unas dimensiones y morfologia qudes permite permanecer suspendidas en la
atmoésfera durante un tiempo determinado dependiendode su tamaifio, la forma, el peso
especifico y la turbulencia del aire. Su tamafio sexpresa en términos de didmetro aerodindmico
de la materia particulada (PM) y, en el caso de 1aRSP, éste es inferior o igual a 10um (PMy).

Las més pequeflas pueden permanecer suspendidas dumte horas e incluso dias y pueden ser
transportadas lejos de su lugar de origen por el winto o turbulencias. Se ha visto que estas
particulas tienen efectos adversos para la salud yaque debido a su pequefio tamafio pueden
penetrar en el sistema respiratorio(9). Ademds se h visto que este riesgo aumenta con la
exposicidn, y que no existe un umbral por debajo decual no se produzcan efectos adversos para
la salud(25). Al contrario que la nicotina, las PMno son especificas del HAT. Existen otras
fuentes de emisién de las PM como cualquier combusdtn, emisiones de la cocina, particulas de
humo adheridas a la ropa pero se ha visto que es eltabaco su fuente principal de emisién en
ausencia de otras fuentes de combustion. De hecho,se han comparado medidas tomadas en
ambientes donde se fuma con las tomadas en lugaresdonde no se fumay se ha visto que los
niveles de PM son mucho mayores en lugares cerradoslonde se fuma respecto a lugares en los

que no(9).

Las RSP se pueden medir con diferentes métodos: gruimétricos y Opticos para detectar la
concentraciéon o nimero de particulas o por métodosde fluorescencia (FPM) o adsorcién
ultravioleta (UVPM) para medir los limites de partiulas de hidrocarburos(9).Aunque las PM o
RSP no son exclusivas del HAT, es importante meditos niveles de las fracciones de particulas
finas de RSP, las denominadas PM s que son las particulas de didmetros aerodinamicos d
tamafio igual o inferior a 2.5 um. Estas particulas son uno de los componentes mayunitarios
emitidos durante la combustién del tabaco. Graciasa su reducidisimo tamafio pueden penetrar
hasta niveles profundos del pulmén, a nivel alveolr, y tienen tiempos de semivida mds lentos.
Debido a esto se han asociado con enfermedades pulmnares y cardiovasculares y con una
mayor mortalidad(26). Se ha demostrado que concenticiones de PMss de 3-5ug/m’ ya son

susceptibles de ocasionar efectos adversos para lsalud(25).

Numerosos estudios(26-35) han utilizado las PMs como marcador del HAT ya que se generan

en cantidades suficientes para ser medidas, tiendena ocupar todo el espacio y pueden
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permanecer suspendidas en el aire durante largo timpo. Ademds pueden medirse con métodos
sensibles, relativamente econdmicos y que permitenobtener datos en tiempo real. Los niveles
de PM, ;5 estdn controlados por estdndares de calidad del ai en zonas exteriores, usando el Air
Quality Index (AQI)(25). La Organizacién Mundial dda Salud (OMS) ha elegido como valor
guia para las PMy 5 en exposiciones prolongadas una concentracién anualmedia de 10 pg/m’

para el aire exterior. Este valor representa el extemo inferior de la gama en la que se observaron
efectos significativos en la supervivencia en el ewdio de la Sociedad Americana del Céancer.
Vale la pena remarcar que no se han definido valore guia para ambientes interiores y que el

estdndar para exteriores se suele tomar como referacia también para los ambientes interiores.

La concentracion de monoxido de carbono (CO)se puede medir facilmente en el aire y
existe una elevada correlacién entre su concentracin y el nimero de cigarrillos fumados(9).
Las mediciones de CO en el aire se han utilizado ca frecuencia junto a otros marcadores
aéreos para evaluar la exposiciéon al HAT en el hogn los lugares de trabajo o en lugares
ptblicos. La medicién de los niveles de CO medianteandlisis electroquimicos es asequible y
fiable pero el CO presenta el inconveniente de semltamente difusible y poco especifico. Esto
es debido a que el CO se origina durante otros proesos de combustion por lo que su uso para

medir la exposicién al HAT deberia realizarse siempe junto a otros marcadores.

1.3. Politicas de control del tabaquismo: el Convenio Mrco y la estrategia MPOWER

Debido a todos los riesgos asociados al tabaquismaactivo y pasivo y a la elevada mortalidad
que se les atribuye, la OMS impulsé politicas prevetivas para el control del tabaquismo
mediante el CMCT (36). Este convenio entr6 en vigoen febrero de 2005 y desde entonces se
ha convertido en uno de los tratados mas ampliamerngt adoptados en la historia de las Naciones
Unidas, suscrito por mds de 176 Partes que represetan el 88% de la poblacién mundial. Este
tratado se basa en la evidencia que reafirma el dezcho de la gente al nivel mas alto posible de
salud, dota de dimensiones juridicas a la cooperadin sanitaria internacional, y establece
criterios estrictos para vigilar el cumplimiento. E articulo 8° del CMCT hace referencia
especificamente a la proteccion eficaz de las persnas de la exposicion al HAT. Inicialmente, las
politicas de espacios sin humo se centraron en proprcionar protecciéon universal contra el humo
del tabaco en los lugares publicos cerrados, en einterior de los lugares de trabajo y el transporte
publico. Este tipo de politicas de espacios libresde humo tienen efectos sobre la exposiciéon y
salud de los fumadores y no fumadores e incluso, aficadas en el ambiente laboral, contribuyen

a disminuir el consumo y la prevalencia de tabaquimo(10).
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En 2008, la OMS identificé seis medidas para preveir y hacer retroceder la epidemia del
tabaco. Estas medidas se conocen como «MPOWER» y coresponden a una o mds de las
medidas de reduccién de la demanda contenidas en eCMCT: monitorizar el consumo de tabaco
y las politicas de prevencién Monitor); proteger a la poblacién del humo ambiental delabaco
(Protect); ofrecer ayuda para dejar el tabaco Offer); advertir de los peligros del tabaco Warn);
hacer cumplir las prohibiciones sobre publicidad, pomocién y patrocinio del tabaco Enforce);
y aumentar los impuestos al tabaco Raise). Estas medidas ofrecen a los paises asistencia
practica para reducir la demanda de tabaco en consnancia con lo dispuesto en el CMCT, y

reducir asi también la morbilidad, la discapacidady la mortalidad asociadas(1).

Desde la adopcion del CMCT y desde que se introdujda estrategia MPOWER son muchos los
paises que han implementado satisfactoriamente una mdas de sus medidas para el control de la
epidemia del tabaco. El tdltimo informe de la OMS sbre la epidemia mundial de tabaquismo
publicado en 2013 muestra que cualquier pafs puedeestablecer un programa eficaz de control
del tabaco para reducir su consumo, independientemate de su estructura politica o nivel de
ingresos(37). Este informe indica que, en el 2013mdas de 2.300 millones de personas -un tercio
de la poblacién mundial- estaban protegidas por almenos una de las medidas MPOWER

aplicada en su més alto grado (Fig. 3).

Figura 3. Proporcion de la poblacion mundial cubieta por alguna de las medidas
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Fuente: Informe de 1a OMS 2013(37)

La creacién de lugares puiblicos y lugares de trabpo sin humo sigue siendo la medida que mas
y en mayor grado se ha implantado. El primer paigque implement6 este tipo de medidas fue la
Reptblica de Irlanda en 2004. Tras Irlanda, otros pises han tomado medidas mds o menos

restrictivas de prevencién y control del tabaquismo Entre 2007 y 2012 un total de 32 paises
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aprobaron politicas de espacios libres de humo enddos los lugares de trabajo, lugares puiblicos
y medios de transporte publico. En la actualidad n 16% de la poblacién mundial esta protegida
de los efectos nocivos del HAT(37) y en Europa, tods los paises ya han adoptado algun tipo de
politica de espacios libres de humo. Estas politica difieren considerablemente en funcién del
pais en cuanto a magnitud y alcance se refiere. Lasmedidas mds restrictivas han sido las

implementadas en Irlanda, Reino Unido, Grecia, Hunga, Bulgaria, Malta, Turquia y Espaifia.

1.4. Evaluacion de las politicas de control del tabaquimo

Las politicas para el control del tabaquismo han slo implementadas para proteger a las
personas no fumadoras de los efectos nocivos del HA'. Ademds se ha visto que tienen la
capacidad de cambiar las normas sociales y de modifar la conducta tabdquica en los
fumadores. Algunos resultados tras la implementacid de politicas de espacios libres de humo
de tabaco incluyen una reduccién de la exposiciéon RHAT de un 80-90% en entornos de alta
exposicion(38), una disminucién de los sintomas repiratorios(39), una disminucién inmediata
de la incidencia de infartos de miocardio(40;41), n aumento del nimero de fumadores que
quieren dejar de fumar(42), fomenta los hogares libes de humo(43), e incluso se ha visto que
tienen un efecto neutral o positivo en los negociosdel sector de la hosteleria y otros
negocios(44;45). Ademas, algunos estudios sugieremque el apoyo a las politicas de espacios
libres de humo aumenta después de su adopcién y con el tiempo tras su

implementacién(46;47).

Una revision sistemaética incluyé 50 estudios dondese evaluaba la capacidad de las politicas
de control del tabaquismo para reducir la exposiciti al HAT, la capacidad para ayudar a las
personas fumadoras a reducir su consumo y para reduir la prevalencia de consumo de tabaco
y el impacto en la salud de la poblacién afectada(8). Los 31 estudios que reportaron la
exposicion al HAT (19 de los cuales utilizaron biomrcadores para medir esta exposicion)
evidenciaron de manera consistente que las politias de control del tabaquismo reducen la
exposicion al HAT en los lugares de trabajo, restamntes, pubs y lugares publicos. Se observo
una mayor reduccion de la exposicion al HAT en lograbajadores del sector de la hosteleria en
comparacion con la poblacién general. No se observeon cambios ni en la prevalencia ni en la
duracién de la exposicion al HAT en el hogar despu€ de la implementacion de estas politicas.
23 de los estudios incluidos en la revisién reporteon medidas de tabaquismo activo, sin
evidenciar de manera consistente una disminucién de consumo de tabaco debido a la
legislacién. Los estudios incluidos en la revisiémsistemdtica que reportaron resultados sobre
los indicadores de salud observaron un impacto pogivo en alguno de estos indicadores
después de la implementacién de politicas para el ontrol del tabaquismo y una reduccién de

los ingresos hospitalarios por eventos cardiacos.
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1.5. Espacios exteriores libres de humo

Si bien las politicas de espacios libres de humo ha sido tipicamente implementadas en
ambientes interiores, algunos estudios sugieren quedesde su introduccién ha habido una
relocalizacion de fumadores a espacios exteriores d conveniencia como entradas a edificios
publicos, o zonas exteriores de los lugares amparads por estas politicas(34;48). En el 2007,
una revisién del articulo 8 del CMCT recomendé extader las politicas de espacios libres de
humo a determinados lugares publicos al aire libreen determinadas circunstancias e invité a
los paises a adoptar las medidas necesarias y mds fectivas para proteger a la poblacion de la

exposicion al HAT en cualquier lugar donde la evidacia muestre que existe peligro(49).

En los tdltimos afios, varios paises han extendido sm politicas de espacios libres de humo a
determinados espacios exteriores, incluyendo centre sanitarios, parques infantiles, playas,
instalaciones deportivas, entradas a los edificiospublicos, paradas de transporte ptblico,
calles parcialmente cerradas, y campus universitans(48;50;51). Este tipo de politicas se estdn
popularizando y son socialmente aceptadas en paisescon larga tradicién en control del
tabaquismo, con el apoyo de la poblacién que pareceir aumentando después de su
implementacién y con el tiempo(47). Sin embargo, noestdn exentas de critica y existen
divergencias acerca de si se debe permitir o no fumar en ciertos lugares al aire libre(52-54).
Quienes se oponen a tal prohibicién argumentan quees éticamente insostenible porque no
respeta el principio de libertad y autonomia del idividuo y no hay pruebas suficientes de que
el humo ambiental del tabaco en estos lugares tengain verdadero impacto sobre la salud que
justifique tal regulacion(52;53). Sin embargo, la widencia cientifica demuestra que no existe
un nivel seguro de exposicion al HAT(49). Por otrgparte, las personas que estdn de acuerdo
con la regulacién argumentan que las politicas de spacios exteriores libres de humo reducen
la visibilidad del consumo de tabaco, estdn asociads al proceso de desnormalizacion del
tabaco, establecen un modelo social libre de humo psitivo para los jévenes, reducen las
oportunidades de fumar y ademads protegen de la expsicién al HAT, aunque esta sea mas baja
que en lugares cerrados. Ademas, estas politicas paden ir acompaiiadas de beneficios para el
medio ambiente, como la reducciéon de riesgo de incmdios y evitan la contaminacién por

colillas(47;49;53-57).

La exposiciéon al HAT ha sido cominmente estudiada ybien caracterizada en espacios
cerrados, especialmente en lugares de trabajo comaon los centros sanitarios o en el sector de
la hosteleria(44;49); en cambio, en los espacios abertos y semiabiertos la exposiciéon al HAT
ha sido poco evaluada y existen pocos datos objetiws sobre los niveles de exposicién al humo

ambiental del tabaco al aire libre en ese tipo de gpacios. Algunos articulos recientes muestran
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que los niveles de HAT al aire libre son detectable y pueden ser comparables o incluso
superiores a los niveles encontrados en ciertos espcios cerrados(32;56;58-60). Por otra parte,
debe considerarse que los niveles de HAT en ambiems exteriores son mds susceptibles a
variaciones ya que no tienden a acumularse y, debid a sus caracteristicas fisicoquimicas,
puede dispersarse influido por la temperatura, humdad o ventilacién. Esto implica que el
humo del tabaco en estos espacios exteriores puedalisiparse a las zonas interiores contiguas,
detectdndose en éstas ultimas niveles de HAT considrables, ain cuando estd prohibido
fumar. Es necesario revisar la literatura cientifia que mide objetivamente los niveles de HAT
en espacios exteriores para poder caracterizar la gposicién en estos lugares y en los espacios
interiores adyacentes. Desconocemos también qué fatres pueden influir en los niveles de
HAT en estas localizaciones y si los niveles de HATcumplen con los estandares de calidad
del aire establecidos por la OMS. Toda esta informaién nos permitiria poder establecer

medidas adecuadas de control del tabaquismo en est¢ipo de localizaciones.

1.6. Ley 28/2005 de medidas sanitarias contra el tabaqismo

En Espaiia, el movimiento de prevencién y control del tabaquism fue lento y progresivo.
Mientras que otros paises ya habian conseguido impdmentar politicas preventivas, no fue
hasta 1996 que la creacién del Comité Nacional parda Prevencién del Tabaquismo (CNPT)
ayudé a cambiar la situacién. Con su interaccién co el Ministerio de Sanidad, el CNPT ha
influido en la adopciéon de normativas en Espafia com la aprobacién del Plan Nacional de
Prevencion del Tabaquismo de 2004 y posteriormentela legislacion de medidas sanitarias

frente al tabaquismo(61).

El 1 enero de 2006 entré en vigor en Espafia la Ley28/2005 de medidas sanitarias frente al
tabaquismo(62). Espaila fue el séptimo pais Europeadespués de Finlandia, Irlanda, Noruega,
Malta, Italia y Suiza en implementar regulaciones pra prevenir y controlar el tabaco(63). La
nueva ley sustituia la normativa previa en Espafiauna de las mas permisivas de la Unién
Europea en temas como venta de tabaco, limitacion d la publicidad y restricciones de lugares
de consumo. Esta ley, con el objetivo de proteger alos no fumadores del HAT y de sus
efectos nocivos para la salud, prohibi6 el consumade tabaco en todos los lugares publicos y
centros de trabajo (salvo los que estaban al aireibre). Sin embargo, presentaba excepciones
en la restauracién y la hosteleria(64) que podian hbilitar dreas para fumadores en los locales
de de igual o mas de 100 nf y, si eran de menos de 100 ni, el propietario podia decidir si
permitir fumar o no. Esta nueva ley tuvo el apoyade la industria del tabaco y fue promovida
en otros paises como el “modelo espaifiol”(65), que & caracteriza precisamente por permitir

zonas de fumadores o locales de fumadores sin protiicién en el sector de la hosteleria, sin
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tener en cuenta que un colectivo importante de trahjadores quedaba desamparado de los

beneficios de la ley.
1.6.1. Cambios en la prevalencia de exposicion al HAT

Dos estudios(66;67) evaluaron el impacto de la leyen cuanto a prevalencia de exposicion al
HAT después de la implementacion de la ley 28/2005Uno de ellos determiné la prevalencia
de exposicion al HAT en la regién de Madrid en divesos dmbitos (hogar, trabajo, bares y
restaurantes) antes y después de la ley, y hallé un considerable reduccion de la exposicién en
los lugares de trabajo (del 40,5% al 9,0%) nueve mses después de su puesta en marcha(66).
En el hogar, sin embargo, tal como indican estudioprevios realizados en otros paises(42), no
se observaron diferencias significativas. Asimismoptro estudio con datos nacionales mostré
una reduccidn del 58% en la prevalencia de exposign al HAT en el trabajo un afio después
de la implantacidon de la ley, mientras en casa y enel tiempo libre no encontré cambios
importantes(67). No obstante, cabe destacar que, pse a las disminuciones observadas en la
prevalencia de exposicidn, la proporcién de expuesss seguia siendo muy elevada, tal como
puso de manifiesto otro estudio(68) en el cual se stimaba que méas de la mitad de la poblacién

no fumadora seguia estando expuesta al HAT.

Otros estudios evaluaron el impacto de ley 28/2005sobre los niveles de HAT mediante
marcadores objetivos del tabaco. En uno de ellos(69 se midi6 la nicotina en fase vapor en el
ambiente de lugares de trabajo y hosteleria en ochoComunidades Auténomas. Todos los
lugares de trabajo estudiados experimentaron una diminucién significativa y muy importante
(del 90%) de los niveles de HAT un afio después ded implantacion de la ley, con niveles muy
bajos de exposicion. Sin embargo, en el caso de lahostelerfa los cambios en la exposicion
estuvieron claramente asociados al tipo de politicaque los duefios del local decidieron
adoptar. En aquellos locales que prohibieron fumar,la disminucién de la exposicién fue
drastica, mientras que en los que seguian permitiedo fumar no se observaron cambios
significativos. Por otro lado, en aquellos localescon areas separadas para fumadores y no
fumadores, las dreas de fumadores seguian teniendoniveles de exposicién muy elevados,
mientras que en las de no fumadores hubo una dismincién significativa, pero no tan
importante como en los locales con prohibicién toth Otro estudio incluyé trabajadores de la
hosteleria de 5 Comunidades Auténomas y mostrd, ahfio de implementacién de la ley, una
reduccién de la exposicion al HAT medida mediante otinina en saliva en estos trabajadores
del 56% y de la presencia de sintomas respiratoriosdel 72% sélo en los trabajadores en
locales que se declararon completamente libres de hmo, mientras que en aquellos
trabajadores en locales con zonas habilitadas parafumar o que continuaron en locales sin

restriccién alguna no se apreciaron diferencias sigificativas(70).
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1.6.2. Impacto de la ley en el consumo de tabaco

Aunque la Ley 28/2005 es conocida principalmente pola proteccion frente a la exposicion al
HAT en los espacios publicos y de trabajo, las prinipales lineas articuladas estdn
relacionadas también con un control de la prevalenta del consumo, constituyendo éste un

objetivo de la regulacion.

Se estima que estas politicas estdn relacionadas ca una disminucion del tabaquismo del 3%
al 4%, asi como con una reduccién del nimero de cigrrillos en las personas que contindan
fumando(71). Ademads este tipo de politicas favoreca el proceso de desnormalizacién del
tabaco, y pueden ser efectivas para prevenir el comumo de tabaco entre la gente mds
joven(72). Sin embargo, en Europa, las politicas pea el control del tabaquismo
implementadas en los dltimos afios no han mostrado n efecto directo sobre el consumo de
tabaco. Un estudio publicado en el 2011 que consideaba 21 jurisdicciones teniendo en cuenta
las tendencias seculares de la epidemia del tabacencontré que las politicas libres de humo se
acompafaron de una disminucién de la prevalencia deconsumo en 8 de las jurisdicciones
mientras que en las otras 13 las tendencias esperads no se alteraron(73). En Espafia, los
resultados de la evaluacién del impacto de la Ley 8/2005 no evidenciaron ningin impacto
sobre los indicadores de consumo de tabaco(7). El dscenso observado en la prevalencia de
fumadores y el nimero de cigarrillos consumidos, yel aumento del nimero de ex fumadores
reflejaban la evolucién esperada de la epidemia detabaquismo en Espaiia, con la tendencia ya

observada antes de la entrada en vigor de la ley (k. 2)

1.6.3. Aceptabilidad y percepcion de la ley por la pobladin.

El apoyo social a las medidas de control del tabaqismo es crucial para garantizar su éxito. Se
asume que, en general, la poblacién fumadora prestaun menor apoyo a la regulacién del
consumo de tabaco. Sin embargo, también hay indicie de que el apoyo a las politicas de
espacios sin humo, en lugar de decaer, aumenta corel tiempo tras su implementacion(42). La
Ley 28/2005 tuvo un importante apoyo social, con un77,2% de la poblacién que la
consideraba muy positiva en el 2005 y con un 68% deapoyo un afio después de su entrada en
vigor, segtn las encuestas del Centro de Investigamnes Socioldgicas(74).0Otras encuestas
realizadas para valorar la aceptacién y el grado deapoyo a la ley obtuvieron resultados
similares con valoracién positiva de la ley que fueen aumento desde el 2005 hasta el 2008
entre los no fumadores con un apoyo algo inferior mtre los fumadores pero que también
experimentd una tendencia creciente desde 2005 y hsta 2008(61). El grado de apoyo también

variaba mds o menos en funcidn del lugar de restricién de consumo. Asi, segin las encuestas
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del Eurobarémetro encargadas por la Comisién Europe, en el afio 2005, antes de la entrada
en vigor de la Ley 28/2005, el 58% de los encuestads se manifestd «totalmente a favor» de la
prohibiciéon de fumar en oficinas y otros lugares detrabajo cerrados, el 48% estaba
«totalmente a favor» de la prohibicién en restaurates, y el 42% en bares, pubs y clubs. El
apoyo a la prohibicién se mantuvo o aumentd ligeramnte 2 afios después de su entrada en

vigor(7).

1.7. Nueva ley 42/2010 del tabaco

En vista de los resultados de la evaluaciones de laley 28/2005, se puso de manifiesto que,
aunque la ley habia tenido un impacto positivo end proteccién frente a la exposicion al HAT,
quedaba desprotegida de la ley una parte importantedel sector de la restauracién y la
hosteleria. Como resultado de las intensas campafiasa favor de fortalecer la ley y las
demandas de los ciudadanos entrd en vigor el 2 de mero de 2011 la Ley 42/2010 de medidas
sanitarias frente al tabaquismo y reguladora de laventa, el consumo y la publicidad de los
productos del tabaco. Esta nueva ley modifica la Lg 28/2005 en sus limitaciones y asi
prohibe fumar en todos los espacios ptblicos cerrads, incluyendo los locales de restauracion
y hosteleria (bares, cafés, pubs, restaurantes, disoteca y casinos), sin excepcion(75). Ademads
ha sido la primera vez que se prohibe fumar en Eurpa en algunos sitios al aire libre, como
parques y lugares de ocio infantil, colegios y reaitos hospitalarios(76;77). La prioridad de
esta norma es proteger al colectivo de menores, ratasando la edad de inicio del consumo, y
proteger a los fumadores pasivos, sobre todo a lostrabajadores del sector de la hosteleria.
Como excepcion, se puede fumar en las habitacionesque los duefios de hoteles decidan
habilitar para ello, con un maximo del 30% del tothdisponible. También se permite fumar en
espacios al aire libre de universidades y centros &clusivamente dedicados a la formacién de
adultos. Finalmente se pueden habilitar salas cerrdas y zonas exteriores en prisiones y
centros psiquidtricos de media y larga estancia y @ residencias de mayores o

discapacitados(75).

1.8. Justificacion de la investigacion

Hasta ahora, las evaluaciones que se han hecho delimpacto de las leyes de prevencién y
control del tabaquismo en Espafia recientemente immmentadas sobre la exposicidén pasiva se
han limitado a entornos laborales definidos (hostedria, hospitales) y a colectivos especificos a
priori considerados de mayor riesgo, como los trabpadores de la hosteleria y la restauracion.
Existen pocas evaluaciones del impacto de la legislcion en los niveles de exposicidn en otros

lugares publicos y, mds concretamente, a nivel potdcional. Haw y Gruer evaluaron el
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impacto de la ley escocesa que prohibe fumar en tods los lugares de trabajo y lugares
publicos cerrados en la poblacién adulta, mediantalos encuestas transversales antes y después
(aproximadamente al afio), con informacién subjetivasobre la exposicién obtenida con
cuestionario y con medidas objetivas a partir de ladeterminacién de cotinina en saliva (78).
De esta manera demostraron el impacto positivo de d ley escocesa, con reducciones
subjetivas de la exposicién en los puestos de trabjo, transportes y lugares de ocio como pubs
y restaurantes; y también con una disminucién globhdel 39% de la media geométrica de
cotinina en saliva, que fue ain mayor (del 49%) cuado los no fumadores residian en hogares
completamente libres de humo. Estas reducciones, admads, no supusieron un desplazamiento
de la exposicién desde los lugares publicos menciondos a lugares privados como los hogares
o coches. En los Estados Unidos la monitorizacién mdiante encuestas con obtencién de
saliva para la determinacién de cotinina ha permido también objetivar el impacto positivo de
la legislacion que regula el consumo de tabaco: laoncentracién media de cotinina disminuyé
un 47% tras la aplicacion de ley entre los no fumadres del estado de Nueva York(79). En
Espafia, no disponemos de una evaluacién del impactode las medidas para el control del
tabaquismo que incluyan resultados posteriores a laimplementacién de la nueva ley (Ley
42/2010). Solamente un estudio pre-post de la Ley 2/2010 indicaba una reduccién de la
nicotina aérea y de PM 5 de mds del 90% en los locales de la hosteleria (80, sin resultados

sobre la exposicion a nivel poblacional.

También es importante monitorizar los cambios de pevalencia de consumo de tabaco asi
como las caracteristicas de consumo, no sélo despug de la implementacién de medidas de
control del tabaquismo sino de manera continua paraestudiar posibles cambios en la
tendencia esperada segtin la epidemia del tabaco y ds cambios en el patrén de consumo.
Estudios realizados en otros paises indican que enlos ultimos afios se observa un aumento
considerable del consumo de tabaco de liar acompaiido por una disminucién del consumo de
los cigarrillos manufacturados. En Espaifia, un estuib que analiza la tendencia de consumo de
cigarrillos manufacturados y de los cigarrillos deliar entre 1991 y 2012 muestra que ha
disminuido el consumo diario per capita de cigarrillos manufacturados mientras que el
consumo de cigarrillos de liar ha aumentado consideablemente(8). Hasta ahora, no se han
evaluado en Espafia los cambios de prevalencia de cosumo y el patrén de consumo segtin el

tipo de tabaco consumido en poblacién general.

Como se ha comentado, la Ley 42/2010 extiende la prhibicién de fumar a algunos espacios
exteriores (parques infantiles, colegios y recintos hospitalarios) siguiendo las
recomendaciones del articulo 8 del CMCT. Hasta ahma no se ha analizado el grado de apoyo
de la poblacién general hacia las politicas libresde humo en espacios exteriores, tanto de la

poblacién no fumadora como fumadora. Ademads es imprtante conocer qué metodologia seria
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adecuada para poder valorar la exposicion al HAT erdugares exteriores para poder conocer la
situacidon en estos espacios y en base a ello disefin futuras intervenciones para proteger a la

poblacion de la exposicion al HAT.

En esta tesis doctoral se realiza una evaluacién dkimpacto de las medidas de prevencién y
control del tabaco a nivel nacional (Ley 28/2005 yLey 42/2010) sobre la exposicion al HAT
de la poblacién general utilizando tanto informaciti derivada de cuestionarios como las
concentraciones de cotinina en saliva. Ademds se ufiza la informacién obtenida de estas dos
encuestas para analizar los cambios en la prevalenta de consumo y las caracteristicas de
consumo de tabaco. Este tipo de estudio es el recomndado por la la Agencia Internacional de
Investigacion del Cancer de la Organizacion Mundiade la Salud(44) para la evaluacién del
impacto de las legislaciones sobre restriccion delconsumo de tabaco y espacios libres de
humo. Finalmente, se realiza una revision sistemdtia de los estudios publicados que evalian
los niveles de exposiciéon al HAT en localizacionesal aire libre mediante marcadores y se
utiliza la informacion obtenida en las encuesta relizada en 2011 para evaluar las actitudes y
creencias sobre las politicas libre de humo en este espacios para determinar si deberian

extenderse las politicas libres de humo a estos amkentes.
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2. HIPOTESIS Y OBJETIVOS
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2.1. Hipotesis

1.- La implementacién de medidas sanitarias frentel tabaquismo disminuye tanto la exposicién
percibida al humo ambiental del tabaco como la conentracién de cotinina en saliva de la

poblacién adulta no fumadora.

2.- El consumo de tabaco entre la poblacion fumadaa se verd levemente reducido después de la

implementacion de medidas sanitarias.

3.- Se observaran niveles de exposiciéon al humo amtental del tabaco por encima de los
minimos anuales permitidos por las guias de calidaddel aire de la Organizacién Mundial de la
Salud (10 ug/m3 para las PM,5) en las zonas de fumadores al aire libre y en ladocalizaciones

interiores adyacentes a estas zonas.

4. — Existen zonas al aire libre dénde la poblaciénno fumadora se siente especialmente
expuesta que coinciden con las zonas dénde los fumdores declaran fumar. La poblacion
apoya la implementacién de espacios exteriores libes de humo en determinadas

localizaciones al aire libre.

2.2. Objetivos

1.- Evaluar el impacto de las medidas sanitarias pea la prevencion y control del tabaquismo
implementadas a nivel nacional (Ley 28/2005 y Ley 2/2010) en la poblacién adulta no
fumadora mediante la medicién de la exposicién al hmo ambiental del tabaco en comparacién

con la exposicion antes de la implantacion de estasmedidas (afios 2004-2005).

1.1. Evaluar los cambios producidos en la expogion percibida al humo ambiental del tabaco

en la poblacién adulta no fumadora mediate cuestionario;

1.2. Evaluar los cambios producidos en la exporion al humo ambiental del tabaco en la

poblacién adulta no fumadora mediante laconcentracién de cotinina en saliva.

2.- Evaluar los cambios de prevalencia de consumo d tabaco y el patrén de consumo de tabaco
entre la poblacién fumadora antes y después de lamplementacion de la Ley 28/2005 y la Ley

42/2010.
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3.- Revisar la literatura cientifica que mide objetvamente la exposicién al humo ambiental del
tabaco en espacios abiertos y semiabiertos medianteel uso de marcadores bioldgicos y

ambientales del tabaco.

4.- Caracterizar el consumo de tabaco y la exposigin al humo ambiental del tabaco en lugares
al aire libre y analizar las opiniones y creenciasle la poblacidn hacia las politicas de control del

tabaquismo en estos lugares.
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3. DESCRIPCION DE LOS DATOS Y DISENO METODOLOGICO
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3.1. Diseiio y sujetos del estudio

Diserio: Los resultados analizados en esta investigacion sederivan de dos encuestas
transversales realizadas en 2004-2005 antes de lamplementacion de la Ley 28/2005 (estudio
dCOT) y en el 2011-2012 después de la implementacin de la Ley 42/2010 (estudio dCOT?2)
con idéntica metodologia y donde se incluye dos mustras representativas de la poblacién
adulta no institucionalizada de la ciudad de Barcedna (>16 anos). Los datos antes de la
implementacién de las medidas para el control delabaquismo fueron recogidos entre marzo
de 2004 y diciembre de 2005 (estudio dCOT). Los dats después de su implementacion entre
junio de 2011 y marzo de 2012 (estudio dCOT?2).

Tamaiio de la muestra: El tamafio muestral que se determiné para el estudiofue de 1.560
personas para cada una de las encuestas (asumiendaiesgo alfa = 5%, beta <20%, pérdidas del
20% para muestras independientes). La encuesta reakada en el 2004-2005 incluyé una
muestra final de 1.245 sujetos y la encuesta de 201-2012 una muestra final de 1.307
individuos. Este tamafio muestral es suficiente paradetectar cambios del 10% en los niveles
de exposicion al HAT en el trabajo o en el hogar ydetectar una disminucién del 40% en la
concentracion de cotinina en saliva entre las dos mestras. Todos los cdlculos se realizaron
con el programa GRANMO 5.2 MS Windows (http://wwwmim.es/media/upload/

arxius/grmw52.zip).

Muestreo: Se realiz6 un muestreo aleatorio simple a partir depadrén municipal de habitantes
actualizado en el momento de realizacién de cada ua de las encuestas y se comprobd que la
distribucién por edad y sexo no estuviera sesgada @éspecto a la de la poblacién general. La
solicitud de la muestra se realiz6 al Instituto Muicipal de Estadistica de Barcelona a través de

la Agencia de Salud Publica de Barcelona.

Sujetos (criterios de inclusion y exclusion).Se incluyé a todas las personas seleccionadas que
tras contactar con ellas mediante carta aceptaron prticipar y fueron entrevistadas en su
domicilio. Previo consentimiento informado, se entvisté personalmente a los sujetos
seleccionados. En el caso que los sujetos tuvieranl6 6 17 afios se obtuvo el consentimiento
informado de los padres. Los participantes que no pdieron ser localizados después de varios
intentos a diversas horas del dia y distintos diasde la semana, o bien aquellos que rechazaron
la participacioén, fueron sustituidos por otra persaa escogida al azar del mismo grupo de sexo,
el mismo rango de edad y distrito de residencia. La sustituciones representaron el 50,7% y el

54,6% de las encuestas pre y post, respectivamente.

3.2. Variables e instrumentos de medida
Cuestionario sobre tabaquismo activo y pasivo:Se utilizé el mismo cuestionario en las dos

encuestas (administrado en papel tradicional en Igprimera encuesta y asistido por ordenador
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en la segunda). El cuestionario fue administrado po personal entrenado. Se incluyeron
algunas preguntas adicionales en la segunda encuest que hacian referencia especificamente a
la Ley 42/2010. El cuestionario recogié informacidnsobre datos socio-demogréficos,
consumo de tabaco y exposicion pasiva al HAT en ddrentes localizaciones, y actitudes y
creencias respecto las medidas de control del tabagismo. Mediante este cuestionario se ha
observado una buena asociacién entre la exposiciéndeclarada al HAT y los niveles de
cotinina medidos en saliva(81), asi como una valide adecuada para la exposicion general, con
una sensibilidad del 75,8% para la exposicion en afun lugar y una especificidad del 80,6%

para la percepcion en todos los ambientes(82).

Recogida de muestras de saliva:Tras la realizacién de la encuesta se recogié una mestra de
saliva. En primer lugar, se pedia a los sujetos quese enjuagaran la boca con agua y se les
ofrecia un caramelo de limén (Smint®), para estimur la salivacidén. Se recogieron 8 ml de
saliva en tubos Falcon de polipropileno mediante unembudo de tallo corto desechable. Los
tubos se mantenian refrigerados a 4°C y se transpamban al ICO donde se alicuotaron en 2
tubos de 4 ml para su posterior congelaciéon a -20°C tras ser etiquetados con su

correspondiente nimero de identificacion.

Medidas antropométricas: Se midié la altura de los participantes sin zapatosmediante una
cinta métrica y se determind el peso (tras vaciar ds bolsillos de los sujetos) mediante una
bascula electrénica portatil calibrada. Esta informcidén se registré en la correspondiente

seccion del cuestionario.

3.3. Organizacion del trabajo de campo

Carta de invitacion y contacto:Se envié una carta de presentacion del estudio y desolicitud
de colaboracién firmada por el Investigador Principl en la que se ofrecia un nimero de
teléfono para solicitar informacién o para declinada participacion, si ese era el deseo de la
persona contactada(ver Anexo 3). Las cartas se enviaron mensualmente en sucesiva®leadas

tras lo que se intentaba localizar a los participates personalmente en sus domicilios.

Consentimiento informado: El entrevistador se identificaba adecuadamente y sticitaba la
colaboracion, tras explicar el motivo de la entrewita y duracién de la misma. Previamente a la
realizacion de la entrevista se solicité el consentmiento informado por escrito mediante un
documento que cada sujeto debia leer y firmar. El atrevistador, en caso de necesidad, ley6 el
mismo al entrevistado y le proporcioné las explicamnes complementarias necesarias tras lo
que firmaba también el documento ¢er Anexo 4). E1 Comité de Investigacién y Etica de
Bellvitge aprobd la realizacion de ambas encuestagproyectos de investigacion PI 020981 y

PI052072 financiados por el Instituto de Salud Cads III) y el consentimiento informado,
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incluyendo el consentimiento informado de los padre para los menores de edad ¥er Anexo
5).

Circuito para el procesamiento inicial de las muestas: La saliva se congeld durante las
siguiente semana a —20°C tras su obtencidn. La cotiina en saliva es muy estable, e incluso
pueden transcurrir 12 dias hasta su congelaciéon. Le entrevistadores al final de su jornada
laboral regresaban al centro coordinador del trabay de campo, donde se entregaban los tubos
con saliva los coordinadores/as del estudio. Los thos fueron congelados a —20°C en los racks
destinados a este estudio en un congelador dedicadoen exclusividad al mismo, en las
dependencias del Laboratorio de Investigaciéon Traslcional del propio Instituto Cataldn de
Oncologia, y fueron transportados en contenedores ¢on 80 muestras cada uno) en hielo seco
al Instituto Municipal de Investigacion Médica (IMM) dénde se realiz6 su andlisis mediante
cromatografia liquida acoplada a espectrometria demasas. Esta prueba tiene un limite de
cuantificacién de 0,1 ng/ml y un limite de deteccid de 0,03 ng/ml (cuantificacién del error
<15%).
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El presente trabajo de tesis doctoral lo forman uncompendio de cuatro articulos originales que

tratan los cambios en la exposicion al HAT de la pblacién no fumadora, el patrén de consumo

de tabaco de la poblacién fumadora, los niveles deexposicion al HAT en espacios exteriores y

las actitudes y creencias hacia las politicas libre de humo en estos espacios después de la

implementacion de las medidas sanitarias de prevenn y control del tabaquismo en Espaiia.

Los articulos de la tesis son:

1.

Impact of the Spanish smoke-free legislation on adit, non-smoker exposure to
secondhand smoke: cross-sectional surveys before (@04) and after (2012)
legislation. Sureda X, Martinez-Sanchez JM, Fu M, Pérez-OrtuiioR, Martinez C,
Carabasa E, Lopez MJ, Salto E, Pascual JA, Ferndnde E. PLoS ONE. 27; 9(2): e89430.
doi: 10.1371/journal.pone.0089430

PLoS One estd incluida en los Journal Citation Reprt de Web of Science® con un
factor de impacto en 2013 de 3,534 (posicién 8/51 g la categoria de Multidisciplinary

Science)

Smoking prevalence and attributes of smokers of manfactured and roll-your-own
cigarettes in Spain (2004-2005 and 2011-2012): a chnging pattern. Sureda X,
Fernandez E, Fu M, Martinez C, Salté E, Martinez-Sanchez JM [ENVIADO A
PUBLICAR]

Secondhand Tobacco Smoke Exposure in Open and SembDpen Settings: A
Systematic Review. Sureda X, Lépez MJ, Nebot M, Ferniandez E. Environ Halth
Perspect. 2013;121(7):766-73.doi:10.1289/ehp.1205806

Environmental Health Perspectives estd incluida edos Journal Citation Report de Web
of Science® con un factor de impacto en 2013 de 7,09 (posicién 5/215 en la categoria
de environmental science y posicion 3/160 en la catgoria Public, Environmental &

Occupational Health)

Secondhand smoke in outdoor settings: smokers’ commption, non-smokers’
perceptions, and attitudes toward smoke-free legidtion in Spain. Sureda X,
Ferndndez E, Martinez-Sénchez JM, Fu M, Lépez MJ, Mrtinez C, Salté E. [ENVIADO
A PUBLICAR]
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También se adjuntan en el anexo dos articulos origiales publicados dentro de la misma linea de
investigacion. Uno de ellos Anexo 1) evalia la implementacién de recintos hospitalarie sin
humo antes y después de la Ley 42/2010 y el otro Anexo 2) mide de manera objetiva mediante
marcadores aéreos del tabaco la exposicion al HAT e la entrada de edificios publicos y sus

zonas interiores adyacentes.

1. Impact of Tobacco Control Policies in Hospitals: Ealuation of a National Smoke-
Free Campus Ban in Spain.Sureda X, Ballbé M, Martinez C, Fu M, Carabasa ESalté

E, Martinez-Sénchez JM, Ferndndez E. Preventive Meithe Reports (in press).

2. Secondhand smoke levels in public building main emtances: outdoor and indoor
PM2.5 assessment.Sureda X, Martinez-Sanchez JM, Lépez MJ, Fu M, Agiiero F, Sali
E, Nebot M, Ferniandez E. Tob Control. 2012; 21(6):643-48. doi:
10.1136/tobaccocontrol-2011-050040.
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Articulo 1: Impact of the Spanish smoke-free legigtion on adult, non-smoker exposure to
secondhand smoke: cross-sectional surveys before (@04) and after (2012) legislation.
Sureda X, Martinez-Sdnchez JM, Fu M, Pérez-Ortufio RMartinez C, Carabasa E, Lopez MJ,
Salto E, Pascual JA, Ferndndez E. PLoS ONE. 27; 92 e89430. doi:
10.1371/journal.pone.0089430

Background: In 2006, Spain implemented a national smoke-free dgislation that prohibited
smoking in enclosed public places and workplaces (gcept in hospitality venues). In 2011, it
was extended to all hospitality venues and selected outdoor areas (hospital campuses,
educational centers, and playgrounds). The objectie of the study is to evaluate changes in
exposure to secondhand smoke among the adult non-smking population before the first law

(2004-05) and after the second law (2011-12).

Methods: Repeated cross-sectional survey (2004-2005 and 201-2012) of a representative
sample of the adult &16 years) non-smoking population in Barcelona, Spai. We assess self-
reported exposure to secondhand smoke (at home, theworkplace, during leisure time, and in

public/private transportation vehicles) and salivay cotinine concentration.

Results: Overall, the self-reported exposure to secondhandsmoke fell from 75.7% (95%CI:
72.6 to 78.8) in 2004-05 to 56.7% (95%CI: 53.4 to 6.0) in 2011-12. Self-reported exposure
decreased from 32.5% to 27.6% (215.1%, p<0.05) inke home, from 42.9% to 37.5% (212.6%,
p = 0.11) at work/education venues, from 61.3% to 8.9% (236.5%, p<0.001) during leisure
time, and from 12.3% to 3.7% (269.9%, p<0.001) in pblic transportation vehicles. Overall, the
geometric mean of the salivary cotinine concentratin in adult non-smokers fell by 87.2%, from

0.93 ng/mL at baseline to 0.12 ng/mL after legislaon (p<0.001).

Conclusions: Secondhand smoke exposure among non-smokers, assesed both by self reported
exposure and salivary cotinine concentration, decrased after the implementation of a stepwise,
comprehensive smoke-free legislation. There was a Igh reduction in secondhand smoke

exposure during leisure time and no displacement ofecondhand smoke exposure at home.
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Articulo 2: Smoking prevalence and attributes of smkers of manufactured and roll-your-
own cigarettes in Spain (2004-2005 and 2011-2012):a changing pattern. Sureda X,
Fernandez E, Fu M,Martinez C, Salté E,Martinez-Sanchez JM [ENVIADO A PUBLICAR]

Background: Smoking is the leading cause of preventable morbiity and premature mortality
worldwide. The objectives of the present study wereto describe smoking prevalence and
compare the smoking attributes of smokers accordingo the type of tobacco product consumed

in the adult population.

Methods: Repeated cross-sectional survey (2004-2005 and 201-2012) of a representative
sample of the adult &16 years) population in Barcelona, Spain. We asseself-reported tobacco

consumption, smoking attributes of self-reported smkers, and salivary cotinine concentration.

Results: We observed that smoking prevalence decreased ovetthe period 2004-2005 and the
period 2011-2012 (from 26.6% to 24.1% in self-repaed daily smokers). The prevalence of
smokers that reported to use manufactured cigarette declined from 20.4% in 2004-2005 to
16.4% in 2011-2012. Roll-your-own cigarettes usersncreased from 0.3% to 3.5%. Roll-your-
own cigarettes users were higher among men than womn (18.8% vs 7.9%), young people
(19.8% compared with 5.2% among people aged 45-65 ad 7.1% among >65 years old) and
among participants with secondary and university edcation compared with people with less
than primary and primary education (14.1%; 16.1%; ad 9.1%, respectively). We did not
observed differences in cotinine concentrations acording to the type of tobacco product

smoked.

Conclusions: To systematically collect data on smoking prevalene and smokers attributes on
representative samples of the population is necessay for policymakers to develop efficient
tobacco control interventions and recommendationsd the population. Considering the observed
increase among roll-your-own cigarettes users and lie unclear consequences of their use on
health, policymakers should aim to implement tax plicies to equalise the prices of different

types of tobacco products.
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Articulo 3: Secondhand Tobacco Smoke Exposure in Opn and Semi-Open Settings: A
Systematic Review. Sureda X, Lépez MJ, Nebot M, Fernandez E. Environ Halth Perspect.
2013;121(7):766-73. doi:10.1289/ehp.1205806

Background: Some countries have recently extended smoke-free plicies to particular outdoor
settings; however, there is controversy regarding wether this is scientifically and ethically

justifiable.

Objectives: The objective of the present study was to review @search on secondhand smoke

(SHS) exposure in outdoor settings.

Data sources: We conducted different searches in PubMed for theperiod prior to September
2012. We checked the references of the identified ppers, and conducted a similar search in

Google Scholar.

Study selection: Our search terms included combinations of “secondhad smoke,”

LEENT3

“environmental tobacco smoke,” “passive smoking” OR*tobacco smoke pollution” AND

“outdoors” AND “PM” (particulate matter), “PMs” (PM with diameter< 2.5 pum), “respirable

LN

suspended particles,” “particulate matter,” “nicotie,” “CO” (carbon monoxide), “cotinine,”
“marker,” “biomarker” OR “airborne marker.” In toth 18 articles and reports met the inclusion

criteria.

Results: Almost all studies used PM s concentration as an SHS marker. Mean PM;
concentrations reported for outdoor smoking areas wen smokers were present ranged from
8.32 to 124 pg/m’ at hospitality venues, and 4.60 to 17.80ug/m’ at other locations. Mean PM 5
concentrations in smoke-free indoor settings near atdoor smoking areas ranged from 4 to
120.51 pg/m’. SHS levels increased when smokers were present, ad outdoor and indoor SHS
levels were related. Most studies reported a positie association between SHS measures and

smoker density, enclosure of outdoor locations, wid conditions, and proximity to smokers.
Conclusions: The available evidence indicates high SHS levels aisome outdoor smoking areas

and at adjacent smoke-free indoor areas. Further reearch and standardization of methodology is

needed to determine whether smoke-free legislatiorshould be extended to outdoor settings.
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Articulo 4: Secondhand smoke in outdoor settings: mokers’ consumption, non-smokers’
perceptions, and attitudes toward smoke-free legidtion in Spain. Sureda X, Fernidndez E,
Martinez-Sanchez JM, Fu M, Lépez MJ, Martinez C, Sk6 E. [ENVIADO A PUBLICAR]

Objective: To describe where smokers smoke outdoors, where nn-smokers are exposed
outdoors to SHS, and attitudes toward smoke-free otdoor areas after the implementation of

national smoke-free legislation.

Design: This cross-sectional study. The survey was conduad between June 2011 and March

2012 (n=1,307 participants).

Setting: Barcelona, Spain.

Participants: Representative, random sample of the adult®#16 years) population.

Primary and secondary outcome:Proportion of smoking and prevalence of exposurea SHS
in the various settings according to type of enclosre. Percentages of support for outdoor

smoke-free policies according to smoking status.

Results: Smokers reported smoking most in bars and restaurats (54.8%) followed by outdoor
places at work (46.8%). According to non-smokers, otdoor SHS exposure was highest at home
(42.5%) and in bars and restaurants (33.5%). Amongon-smoking adult students, 90% claimed
exposure to SHS on university campuses. There was geat support for banning smoking in the
majority of outdoor areas, which was stronger amongon-smokers than smokers. Over 70% of
participants supported smoke-free playgrounds, schol and high school courtyards, and the

grounds of healthcare centers.

Conclusion Extending smoking bans to selected outdoor setting should be considered in
further tobacco control interventions to protect na-smokers from SHS exposure and to
establish a positive model for youth. The majorityof public support for some outdoor smoke-

free areas suggests that it is feasible to extend moking bans to additional outdoor settings.
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Impact of the Spanish smoke-free legislation on adit, non-smoker exposure to

secondhand smoke: cross-sectional surveys before (@04) and after (2012) legislation.

Sureda X, Martinez-Sanchez JM, Fu M, Pérez-Ortufio RMartinez C, Carabasa E, Lopez MJ,
Salto E, Pascual JA, Ferndndez E. PLoS ONE. 27; 92 e89430. doi:
10.1371/journal.pone.0089430
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Abstract

Background: In 2006, Spain implemented a national smoke-free legislation that prohibited smoking in enclosed public
places and workplaces (except in hospitality venues). In 2011, it was extended to all hospitality venues and selected outdoor
areas (hospital campuses, educational centers, and playgrounds). The objective of the study is to evaluate changes in
exposure to secondhand smoke among the adult non-smoking population before the first law (2004-05) and after the
second law (2011-12).

Methods: Repeated cross-sectional survey (2004-2005 and 2011-2012) of a representative sample of the adult (=16 years)
non-smoking population in Barcelona, Spain. We assess self-reported exposure to secondhand smoke (at home, the
workplace, during leisure time, and in public/private transportation vehicles) and salivary cotinine concentration.

Results: Overall, the self-reported exposure to secondhand smoke fell from 75.7% (95%Cl: 72.6 to 78.8) in 2004-05 to 56.7%
(95%Cl: 53.4 to 60.0) in 2011-12. Self-reported exposure decreased from 32.5% to 27.6% (—15.1%, p<<0.05) in the home,
from 42.9% to 37.5% (—12.6%, p=0.11) at work/education venues, from 61.3% to 38.9% (—36.5%, p<<0.001) during leisure
time, and from 12.3% to 3.7% (—69.9%, p<<0.001) in public transportation vehicles. Overall, the geometric mean of the
salivary cotinine concentration in adult non-smokers fell by 87.2%, from 0.93 ng/mL at baseline to 0.12 ng/mL after
legislation (p<<0.001).

Conclusions: Secondhand smoke exposure among non-smokers, assessed both by self-reported exposure and salivary
cotinine concentration, decreased after the implementation of a stepwise, comprehensive smoke-free legislation. There was
a high reduction in secondhand smoke exposure during leisure time and no displacement of secondhand smoke exposure
at home.
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Introduction has been estimated that, in 2004, exposure to SHS was responsible
for 379,000 deaths due to ischemic heart disease, 21,400 deaths

Exposure to secondhand smoke (SHS) has been  causally due to lung cancer, 165,000 due to lower respiratory infections,

associated with many adverse health effects[1]. Worldwide, it
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and 36,900 due to asthma[2]. In Spain, between 1228 and 3237
deaths due to lung cancer and ischemic heart diseases have been
attributed to SHS exposure[3].

Exposure to SHS can occur in different settings, including in the
home, at the workplace, in other private and public places (bars,
restaurants, cafes, etc.), and inside public and private transport
vehicles. Questionnaires, biomarkers, and airborne markers have
been used to evaluate SHS among non-smokers. The prevalence
of SHS exposure in adult non-smokers varies considerably,
depending on the country, the development of the tobacco
epidemic[4], the comprehensiveness of smoke-free legislation, and
the location of exposure to SHS. Worldwide, 33% of male non-
smokers and 35% of female non-smokers were exposed to SHS in
2004[2]. In Spain, 75% of the adult non-smoking population was
exposed to SHS in 2006; of those, 26.4% was exposed at home
and 39.8% at work or an educational venue[5]. In Barcelona, in
the period of 20042003, the prevalence of self-reported exposure
to SHS among non-smokers in all settings was similar to that of the
whole country[6].

On the 1** of January, 2006, a smoke-free legislation (Law 28/
2005) was implemented in Spain to protect the health of non-
smokers. The legislation banned smoking in all public and work
places, with some exceptions in hospitality venues (no ban in
venues of less than 100 m?, and ‘smoking arcas’ were allowed in
venues over 100 m?)[7]. Some previous studies evaluated the
impact of that law and showed important reductions in the
exposure to SHS at the workplace[8], but no significant changes
occurred either at home or during leisure time[9]; furthermore,
and importantly, exposure to SHS was not reduced in bars or
restaurants[8,10,11]. Due to the evidence provided by those
evaluations, and after intensive advocate work, the law was
amended[12]. On the 2" of January, 2011, a new legislation (Law
42/2010) was established to amend Law 28/2005. The new
Spanish legislation extended the smoking ban to all hospitality
venues (bars, cafes, pubs, restaurants, discos, and casinos) without
exception,[13] and extended the ban to some outdoors areas,
including hospital premises, educational campuses, and play-
grounds. The law included economic penalties for infringements
and its enforcement is a responsibility of the regional and local
health authorities. After the implementation of the new law, SHS
levels (measured as the quantities of airborne nicotine and PM2.5)
have decreased more than 90% in hospitality venues[14,15].
However, the impact of the more restrictive smoke-free legislation
has not been assessed for SHS exposure in the general population.

The objective of this study was to evaluate whether a
measurable change in SHS exposure could be detected in the
adult non-smoking population with the implementation of the
stepped Spanish smoke-free legislation. We compared SHS
exposure measurements (self-report data and levels of salivary
cotinine) before the first law (2004-05) and after the second law
(2011-12) legislation.

Methods

Study design and selection of study participants

This study had a repeated cross-sectional design. We included a
representative, random sample of the population of Barcelona
(Spain). Surveys were conducted before and after the implemen-
tation of smoke-free legislation. The pre-legislation data were
obtained between March 2004 and December 2005. We used the
same strategy to collect the post-legislation data between June
2011 and March 2012. Detailed information about the pre-
legislation survey (sampling, face-to-face questionnaire, saliva
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collection, and cotinine analysis) has been provided in previous
studies[6,16].

In brief, for each survey, we determined a sample size of 1,560
people with standard procedures (o error of 5%, beta error of
20%, and 20% losses for independent samples). The pre-legislation
survey (years 2004-05), included a final sample of 1,245
individuals and the post-legislation survey included a final sample
of 1,307 individuals. These sample sizes were sufficient to detect
10% changes in the amount of exposure to SHS at the workplaces
or at home (under the least favorable conditions) and a 40%
difference in salivary cotinine concentrations between the two
surveys. Sample size calculations were performed with 5.2
GRANMO MS Windows (http://www.imim.es/media/upload/
arxius/grmw52.zip).

We obtained data and addresses for Barcelona residents from
the updated official city census (years 2001 and 2010) provided by
the Municipal Institute of Statistics of Barcelona. Individuals aged
16 years and older were eligible to participate in the study. A letter
was mailed to eligible individuals to inform them about the
purpose of the study and that they had been selected at random.
The letter also informed them that the study required a visit from
an interviewer that would administer the questionnaire and collect
a saliva sample. The individuals were informed that they were free
to decline participation, and that they could find out more about
the study with a telephone call or email; the contact information
was provided in the letter. Participants that could not be located
after several attempts (at different times of the day and different
days of the week) and those that declined to participate in the
study were replaced at random. The replacements were chosen
from eligible individuals of the same sex, within a 5-year age
group, and within the same district of residence. Substitutions
accounted for 50.7% and 54.6% of the pre- and post-legislation
surveys, respectively. Individuals that agreed to participate were
interviewed at home by trained interviewers. Participants were
asked to sign an informed consent form before proceeding with the
face-to-face interview. In case of subjects aged 16 an 17, parental
written consent was obtained. The same questionnaire was used in
both surveys (on traditional paper in the pre-legislation survey and
in computer-assisted form in the post-legislation survey). Addi-
tional questions were included in the second survey regarding the
smoke-free legislation. The questionnaire included information on
socio-demographics, tobacco consumption, self-assessed exposure
to SHS in different settings (at home, work/educational venues,
during leisure time, and in public and private transportation
vehicles), and attitudes toward smoking restrictions. After com-
pleting the questionnaire, respondents were asked to provide a
sample of saliva for the cotinine analysis, and weight and height
were measured. The Research and Ethics Committee of Bellvitge
University Hospital approved the study protocols and the
informed consent forms, including parental written consent.

Self-reported SHS exposure of non-smokers

Non-smokers were defined as individuals that, at the time of the
interview, reported that they did not smoke, and they had a
salivary cotinine concentration =10 ng/mL [17]. This group
included individuals that had never smoked and ex-smokers.

Exposure to SHS at home was determined with two questions:
“Currently, how many individuals per day usually smoke inside
your home?” and “During the past week, how many cigarettes
(per day) have been smoked in your presence inside your home?”
Answers were gathered for typical working and non-working days.
Based on these two questions, we derived a dichotomous variable
of exposure to SHS at home: (1) non-exposed individuals, which
included those with no exposure according to answers to both
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questions, and (2) exposed individuals, which included all others.
Exposure to SHS at work or an education venue was determined with two
questions: “Does anybody smoke in close proximity to you at
work?” and “How many hours per day do you think you are
exposed to tobacco smoke at your education venue?”’ We also
derived a dichotomous variable of exposure to SHS at the
workplace and/or education venue: (1) non-exposed individuals,
which included those with no exposure according to answers to
both questions, and (2) exposed individuals, which included all
others. Exposure to SHS at leisure time was determined with the
question “How much time have you spent in any place with
tobacco smoke that was not home or work?” The answers were
gathered for typical working and non-working days. For analysis,
we derived a dichotomous variable of exposure to SHS during
leisure time: (1) non-exposed individuals, which included those
with no exposure according to the answer to the question, and (2)
exposed individuals, which included all others. Exposure to SHS at
public and private transportation was determined with two questions:
“During the last week, were you in a public transportation vehicle
while someone was smoking?”” and “During the last week, were
you in a private transportation vehicle while someone was
smoking?”’ Based on these two questions, we derived a dichoto-
mous variable of exposure to SHS in public and private
transportation vehicles: (1) non-exposed individuals, which includ-
ed those with no exposure according to answers to both questions,
and (2) exposed individuals, which included all others. Exposure to
SHS in any setting was defined as exposure in at least one of the
above mentioned settings.

Salivary cotinine

We asked the participants to provide a saliva sample to
determine the cotinine levels. Cotinine is the main metabolite of
nicotine; it is a stable, specific, sensitive biomarker of tobacco
smoke in biological fluids, with a half-life of 15-17 h, and it reflects
SHS exposure in the last 5-7 days[18]. We followed the same
protocol in both surveys for collecting the saliva sample[6,16].
Briefly, participants were asked to rinse their mouths and then
suck on a lemon candy (Smint®) to stimulate saliva production.
They were asked to provide about 9 mL of saliva by spitting into a
funnel placed in a test tube. The sample was separated into 3 mL
aliquots and frozen at —80°C for storage. The frozen samples
were sent to the Bioanalysis Research Group of IMIM (Hospital
del Mar Medical Research Institute) in Barcelona. Salivary
samples from the pre-legislation survey were analyzed in 2007
with gas chromatography followed by mass spectrometry detection
(GC/MS). The limit of quantification was 1 ng/mL and the limit
of detection was 0.3 ng/mL. Salivary samples from the post-
legislation survey were analyzed in 2012 with liquid chromatog-
raphy coupled with tandem mass spectrometry (LC/MS/MS) with
multiple reaction monitoring. The limit of quantification was
0.1 ng/mL and the limit of detection was 0.03 ng/mlL; the
quantification error was <15%. Because the latter method was
more sensitive and had a lower limit of quantification than the
former method, all available saliva samples from the pre-legislation
survey with cotinine concentrations below 1 ng/mL (n = 245) were
reanalyzed in 2012 with the LC-MS/MS method. The values
from the second analysis were used in the statistical analysis. To
determine the reliability of cotinine values from the pre-legislation
survey, 41 saliva samples with previous values between 1 and
10 ng/mL were chosen at random, and cotinine was assessed with
the LC/MS/MS. This analysis showed very low variation (less
than +/— 1 ng/mL) in the concentration values obtained with
both methods of analysis.
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Statistical analysis

We calculated prevalence rates (%) and 95% confidence
intervals (CI) for exposure to SHS among non-smokers in the
different settings. Results were stratified by sex, age (16-44, 4564,
and =65 years), and educational level (less than primary and
primary school, secondary school, and university). The data were
fitted with multivariate log-binomial models to assess the
prevalence ratios (PR) and 95% CI of exposure to SHS among
non-smokers before and after the implementation of the legisla-
tion. The models were adjusted for sex, age, and educational level.
Geometric means (GM) and geometric standard deviations (GSD)
were computed to describe the cotinine concentrations among
non-smokers, due to its skewed distribution[17,19]. The data were
fitted with generalized linear regression models of the log-
transformed salivary cotinine concentration, adjusted for potential
confounders. We also estimated the percentage changes in salivary
cotinine concentration by comparing the geometric mean of the
concentrations before and after the legislation. Samples with
values below the limit of detection were assigned a value of
0.05 ng/mL (half the limit of detection value). Statistical analyses
were performed with SPSS v17.0 and Stata 10.

Results

Sample

A total of 2,552 participants were interviewed; 1,245 subjects
were in the pre-legislation survey and 1,307 were in the post-
legislation survey. The samples were similar in the proportions of
men and women, but we found significant differences in age and
educational level. 879 (70.6%) participants in the pre-legislation
survey and 947 (72.5%) participants in the post-legislation survey
were self-reported non-smokers. Of the non-smokers, 110 (62 in
the pre-legislation and 48 in the post-legislation surveys) were not
included in the analysis, because they did not provide a saliva
sample; in addition, 12 (10 in the pre-legislation and 2 in the post-
legislation survey) were excluded, because cotinine analysis was
not possible (i.e., insufficient sample). 83 non-smokers from the
pre-legislation survey and 19 from the post-legislation survey were
excluded, because they had cotinine concentrations consistent with
active smoking (>10 ng/mL). Therefore, the final sample for
analysis included a total of 1602 non-smokers; 724 (58.2% of those
mterviewed) before the legislation and 878 (67.2% of those
interviewed) after the legislation (Figure 1).

Changes in self-reported exposure to SHS

The prevalence of self-reported exposure to SHS in any setting
fell from 75.7% in 2004-05 to 56.7% in 2011-12 (relative
reduction —25.1, p<<0.001) (Table 1); this included reduced
exposures in the home, from 32.5% to 27.6% (—15.1%, p<<0.05);
at work/education venue, from 42.9 to 37.5 (—12.6%, p=0.11);
during leisure time, from 61.3% to 38.9% (—36.5%, p<<0.001);
and in public transportation vehicles, from 12.3% to 3.7%
(—69.9%, p<<0.001). Overall, the prevalence of SHS exposure
declined more sharply among women than among men (29.2% vs.
19.4%, p<0.001). Non-smoking adults between 45 and 64 years
old showed the greatest reduction in the prevalence of SHS
exposure (—34.3%, p<<0.001); the prevalence in adults aged 65
years or older was reduced by 25.6% (p<<0.001), and the
prevalence in adults between 16 and 44 was reduced by 24.6%
(p<<0.001) (Appendix S1). The prevalence of exposure to SHS was
reduced to a similar extent for individuals with different
educational levels (Appendix S1). After controlling for sex, age,
and educational level, self-reported exposure to SHS in any setting
after the legislation was significantly reduced (PR: 0.46; 95%CI:
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Participants:
1,245 PRE
1,307 POST
Self-reported smokers:
» 347 PRE
360 POST

Participants <16 years old:
19PRE

Self-reported non-smokers
and =16 years old:

879PRE
947 POST
Cotinine levels = 10 ng/ml:
N 83PRE
19POST
Not providing saliva sample:
62 PRE
48 POST
Cotinine analysis not possible:
> 10 PRE
2POST
Final sample:
724 PRE
878 POST

Figure 1. Flow chart with the sample selection in both surveys
(PRE: 2005-06 and POST: 2011-12) and exclusions from the
initial sample. Footnote to Figure 1. From the initial sample in each
survey, we excluded people who declared to be smokers and people
<16 years old. Among people who declared to be non-smokers, we
excluded those with unreliable cotinine levels for non-smokers (this is,
they had smoked at the time of the interview). We also excluded people
who did not provide the saliva sample or in which the cotinine analysis
was not possible because of insufficient sample or technical error.
doi:10.1371/journal.pone.0089430.9001

0.40 to 0.54), including at home, at work/educational venues,
during leisure time, and in public transport vehicles (Table 1).

Changes in salivary cotinine levels

Figure 2 shows the distribution of cotinine values among the
non-smokers before and after legislation. The proportion of non-
smokers with cotinine concentrations below the quantification
limit (0.1 ng/mL) increased from 7.3% (53 samples) before the
legislation to 53.2% (467 samples) after the legislation.

Table 2 compares the geometric mean values of salivary
cotinine concentrations before and after the legislation among
non-smokers. The results are stratified according to socio-
demographic variables. The geometric mean of the cotinine
concentrations among all adult non-smokers fell from 0.93 ng/mL
before the legislation to 0.12 ng/mL (p<<0.001) after the
legislation. After adjusting for sex, age, and educational level,
the reduction in cotinine concentration was 87.6% (p<<0.001). The
adjusted reduction in cotinine concentration after the implemen-
tation of the law was similar for participants of all ages. However,
adult non-smokers with a university education showed the greatest
adjusted reduction in cotinine concentration (Table 2).

Discussion

This was the first study to evaluate using both self-reports and a
personal biomarker of exposure to SHS the impact of the stepped
Spanish smoke-free legislation (laws 28/2005 and 42/2010) on
SHS exposure in different settings among adult non-smokers from
the general population. We found that self-reported exposure to
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SHS and salivary cotinine levels significantly decreased after the
implementation of the legislation. This reduction was observed at
workplaces, during leisure time, and even in settings not regulated
by the law, like in the home and public transportation.

Self-reported second-hand smoke exposure

The reduction in SHS exposure between 2004-05 and 2011-12
was greater for women than men and for individuals aged 45 to 64
compared with other age groups. Haw and Gruer[20] also
evaluated changes in self-reported exposure to SHS among adult
non-smokers after the implementation of smoke-free legislation in
Scotland. They found that, after legislation, self-reported SHS
exposure fell for all the settings assessed. Similarly, we observed a
25.1% reduction in SHS exposure among participants exposed in
any setting. However, we are not able to distinguish the effects of
the first (28/2015) and second (42/2010) bans on the reductions
observed. Previous evaluations of the 28/2005 law showed
important reductions in the exposure to SHS at the workplace[8],
but that law did not affect the exposure to SHS at home or during
leisure time[9,11] nor in bars or restaurants[8,10]. In the present
study, the highest reductions in self-reported SHS exposure were
observed in public transportation vehicles and during leisure time.

Data from another study in Spain showed that both airborne
nicotine and PM2.5 decreased by more than 90% in bars and
restaurants after the implementation of law 42/2010[14]. At the
population level, a reduction in the self-reported exposure to SHS
during leisure time after 2010 has been also oberved in
Galicia[11]. Those results and the results obtained in the present
study demonstrated the importance of the new legislation (Law
42/2010), which extended the prohibition of smoking to all
hospitality venues without exception. These venues were places
where young, adult non-smokers were mostly exposed during their
leisure time. We also observed a significant relative reduction
(15.1%) in the home, which confirmed no displacement of
smoking to this setting but an unexpected positive side-effect of
the smoke-free legislation. This finding agreed with other previous
studies performed at the individual level[20-24] and at the
ecological level[25]. We found a 12.6% reduction in self-reported
exposure to SHS at work and educational venues. Previous studies
in Spain[9,11] showed greater reductions in self-reported exposure
at work between 2005 and 2006. However, our results were
consistent with another study,[5] which showed that 39.8% of
non-smokers were exposed to SHS at work and educational
venues after the implementation of Law 28/2005 (which
prohibited smoking in the workplace, but not hospitality venues).

Cotinine concentrations

The proportion of non-smokers that had undetectable cotinine
concentrations increased from 7.3% before the 28/2005 law to
53.2% after the implementation of the 42/2010 law. Our results
confirmed the positive impact of smoke-free laws on SHS exposure
at the population level. For example, after legislation, in New
York, Bauer et al.[26] found an increase in the proportion of
respondents with cotinine concentrations below the detection limit
(from 32.5% to 52.4%); in Scotland, Haw and Gruer[20] also
observed an increase in individuals with undetectable cotinine
(from 11.3% to 27.6%); and, in England, Sims et al.[27] found
that the odds of having undetectable cotinine were 1.5 times
higher than before the legislation.

In addition to this shift in the distribution of the non-smoking
population towards lower levels of cotinine, the mean concentra-
tion declined from 0.93 ng/mL to 0.12 ng/mL (adjusted reduc-
tion of 87.6%). This reduction in cotinine concentration was
greater than those obtained after the implementation of smoke-free
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Table 1. Self-reported exposure to secondhand smoke in non-smokers before (2004-05) and after (2011-12) the smoke-free
legislation, Barcelona, Spain; results are stratified by setting.

% of non-smokers exposed (95%

Self-reported exposure to secondhand smoke n ql) Prevalence ratio* (95% Cl)
Any setting**

Before the legislation 720 75.7 (72.6-78.8) 1

After the legislation 871 56.7 (53.4-60.0) 0.46 (0.40 to 0.54)
Home**

Before the legislation 721 32.5 (29.1-35.9) 1

After the legislation 878 27.6 (24.6-30.6) 0.78 (0.65 to 0.94)
Work/education venues**

Before the legislation 364 429 (37.8-48.0) 1

After the legislation 507 37.5 (33.3-41.7) 0.79 (0.63 to 0.98)
Leisure time**

Before the legislation 723 61.3 (57.7-64.9) 1

After the legislation 872 38.9 (35.7-42.1) 0.38 (0.32 to 0.44)
Public transportation **

Before the legislation 626 12.3 (9.7-14.9) 1

After the legislation 669 3.7 (2.3-5.1) 0.26 (0.16 to 0.41)
Private transportation**

Before the legislation 585 9.4 (7.0-11.8) 1

After the legislation 616 10.7 (8.3-13.1) 0.97 (0.67 to 1.41)

*Based on multivariate log-binomial models, adjusted for sex, age, and educational level.
**The figures do not sum the total because of missing values.
doi:10.1371/journal.pone.0089430.t001
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Figure 2. Distribution of salivary cotinine concentrations (ng/mL) among the non-smoker adult population, before (2004-05) and

after (2011-12) the smoke-free legislation, in Barcelona, Spain.
doi:10.1371/journal.pone.0089430.9g002
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Table 2. Change in the geometric means of salivary cotinine concentrations (ng/mL) before (2004-05) and after (2011-12) the
smoke-free legislation, Barcelona, Spain; results are stratified according to socio-demographic variables.

Before legislation

Percentage of change* (95%
After legislation

Q)
N GM (GSD) (ng/mL) N GM (GSD) (ng/mL)

All subjects 724 0.93 (4.01) 878 0.12 3.12) 87.6 (76.7-102.0)
Sex

Men 296 1.11 (3.65) 380 0.12 (2.91) 89.4 (80.6-102.1)

Women 428 0.82 (4.22) 498 0.12 (3.28) 86.1 (74.4-102.7)
Age (years)**

16-44 236 1.00 (3.66) 361 0.12 (3.09) 88.0 (78.1-102.7)

45-64 234 0.82 (4.17) 254 0.13 (3.18) 85.4 (73.9-104.1)

=65 251 0.98 (4.19) 263 0.11 (3.10) 89.2 (80.6-102.9)
Educational level**

Less than primary and primary 342 0.87 (4.16) 236 0.12 3.27) 86.1 (79.4-103.5)

Secondary 132 0.97 (3.95) 341 0.14 (3.28) 85.2 (73.7-104.3)

University 249 0.98 (3.83) 300 0.10 (2.75) 90.2 (82.2-102.1)

GM: Geometric mean.
GSD: Geometric standard deviation.

**The figures do not sum the total because of missing values.
doi:10.1371/journal.pone.0089430.t002

legislation in New York[26], Scotland[20], and England[27] (reduc-
tions of 47%, 39%, and 27%, respectively). The larger decrease in
Spain might be explained by the fact that the salivary cotinine
concentrations among non-smokers in our study (0.93 ng/mL) before
the 2872005 legislation was 2 to 9 times higher than salivary cotinine
concentrations obtained in New York[26], England[27], and Scot-
land[20] before the smoke-free bans (0.078 ng/mlL, 0.14 ng/mL, and
0.43 ng/mL, respectively); the post-legislation concentrations were
similar in the four different populations. In the absence of smoke-free
legislation, the higher salivary cotinine levels in Spain among non-
smokers (higher SHS exposure) could be explained by the higher
prevalence of smoking in the population. After the implementation of
smoke-free legislation, SHS exposure would decrease, regardless of the
prevalence of smoking.

Strengths and limitation of the study

One potential limitation of the study was an information bias
derived from the use of a questionnaire. Self-reported, adult non-
smokers represented 70.6% of the participants interviewed in the
pre-legislation survey and 72.5% in the post-legislation survey.
These prevalences were consistent with data from the 2006 and
2011 Spanish National Health Interview Surveys (Ministerio de
Sanidad y Consumo: Encuesta Nacional de Salud 2006, 2013).
This limitation was reduced by using an objective, specific
biomarker of SHS exposure, and by asking the participants about
their exposure in both private and public places, including the
home, work/educational venues, leisure venues, and transporta-
tion vehicles. Thus, we covered the primary settings where SHS
exposure can occur.

Another limitation is that we did not have data after the first law
and previous to the second law, thus preventing us to elucidate the
separate effects of both laws, as would have been of great interest
given the stepped nature of the Spanish smoke-free legislation.
However, the interpretation of our results together with the
previous studies focused on the first law allows to globally
evaluating the effects of the Spanish smoke-free laws.
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*Based on the adjusted geometric mean derived from a generalized linear model that included all the variables in the table.

This was a repeated cross-sectional study, which was potentially
more likely to be biased than a longitudinal study. However,
longitudinal studies can be subject to some bias, due to the loss of
participants in the follow-up, which reduces its advantages.
Nevertheless, repeated cross-sectional surveys that include a
biological marker have been shown to be a valid method for
evaluating smoke-free legislation[18,28,29].

This study included representative, random samples of the
population of Barcelona (Spain) and it evaluated the impact of smoke
free legislation on exposure to SHS with a combination of self-reported
exposure and cotinine as an objective biomarker of SHS exposure. To
minimize differences between the two collection periods, we used the
same strategy i collecting the pre and post legislation data.
Additionally, the fieldwork was performed during different days of
the week, including weekends, and in different months to avoid
systematic biases due to potential seasonal and timing aspects of data
collection. The method for analyzing cotinine in the post legislation
survey was more sensitive and had a lower limit of quantification than
that used in the pre legislation survey. However, we reanalyzed the
samples in the pre-legislation survey with the new method, and found
satisfactory agreement in the results. Individuals that declined to
participate were replaced at random with individuals with the same
characteristics to prevent problems with sample size and selection
biases. Although we had a high percentage of substitutions in both
surveys, we obtained a high percentage of non-smokers that provided
saliva samples in the pre- and post- legislation surveys (92.9% and
94.9%, respectively); this proportion was higher than those observed in
similar assessments in Scotland (64.8% and 63.1%, respectively) [20]
and in New York (33%, overall)[26].

Conclusions

This study showed that the implementation of a stepped smoke-
free legislation (laws 28/2005 and 42/2010) was accompanied by a
large reduction in SHS, both self-reported and assessed by means
of salivary cotinine levels, in the adult non-smoking population in
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Barcelona, Spain. The strategy of strengthening Law 28/2005 to
hospitality venues without exceptions was clearly effective. We
observed a high reduction in SHS exposure during leisure time,
and a reduction in SHS exposure at home contrary to the
speculative tobacco industry hypothesis of displacement of
smoking from public to private places. Based on the results of
this study, comprehensive tobacco control policies were effective in
reducing SHS exposure. Thus, over time, the law will result in a
reduction in morbidity and mortality among nonsmoking adults.
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Appendix S1 Prevalence of self-reported exposure to
secondhand smoke in non-smokers measured before
(2004-05) and after (2011-12) the smoke-free legislation,
Barcelona, Spain; results are stratified by sex, age,
educational level, and settings.
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ABSTRACT

Background: Smoking is the leading cause of preventable morbiity and premature mortality
worldwide. The objectives of the present study wereto describe smoking prevalence and
compare the smoking attributes of smokers accordingo the type of tobacco product consumed

in the adult population.

Methods: Repeated cross-sectional survey (2004-2005 and 201-2012) of a representative
sample of the adult &16 years) population in Barcelona, Spain. We assesself-reported tobacco

consumption, smoking attributes of self-reported smkers, and salivary cotinine concentration.

Results: We observed that smoking prevalence decreased overthe period 2004-2005 and the
period 2011-2012 (from 26.6% to 24.1% in self-repaed daily smokers). The prevalence of
smokers that reported to use manufactured cigarette declined from 20.4% in 2004-2005 to
16.4% in 2011-2012. Roll-your-own cigarettes usersincreased from 0.3% to 3.5%. Roll-your-
own cigarettes users were higher among men than womn (18.8% vs 7.9%), young people
(19.8% compared with 5.2% among people aged 45-65 nd 7.1% among >65 years old) and
among participants with secondary and university edcation compared with people with less
than primary and primary education (14.1%; 16.1%; ad 9.1%, respectively). We did not
observed differences in continine concentrations acording to the type of tobacco product

smoked.

Conclusions: To systematically collect data on smoking prevalene and smokers attributes on
representative samples of the population is necessay for policymakers to develop efficient
tobacco control interventions and recommendationsd the population. Considering the observed
increase among roll-your-own cigarettes users and e unclear consequences of their use on
health, policymakers should aim to implement tax plicies to equalise the prices of different

types of tobacco products.



INTRODUCCTION

Smoking is the leading cause of preventable morbidy and premature mortality worldwide(1).
Tobacco use kills more than 5 million people a yeaand, unless urgent action is taken, tobacco’s
annual death toll is expected to rise to more thareight million by year 2030(1). In Spain, there
were 53,155 deaths attributable to smoking in 200among individuals> 35 years, representing

14.7% (25.1% in men and 3.4% in women) of all deathin the same population(2).

In the last years, as a result of the growing awaraess by the public about the harmful effects of
smoking and tobacco control policies promoted by th WHO Framework Convention on
Tobacco Control (FCTC), prevalence rates of tobaccoconsumption have decreased in many
developed countries(3;4). In Spain, by the year 201, smoking prevalence was 27.9% in men

and 20.2% in women(5).

It is estimated that smoking bans in public and wdkplaces are related to a decreased in smoking
from 3% to 4% as well as to a reduction in the numbr of cigarettes smoked(6). Moreover,
tobacco control policies favor the denormalizationof tobacco, and may be effective in
preventing the tobacco consumption among young peofe(7). However, in Europe, regulations
implemented in recent years have not shown a directeffect on tobacco consumption, but the
expected trends in the tobacco epidemic were obsered. A study in 21 jurisdictions that
considered secular trends in the tobacco epidemic dund that smoke-free laws were
accompanied by a decline in smoking prevalence in &f the jurisdictions and that the laws did

not affect the trends in 13 others(8).

In Spain, stepwise smoke-free legislation has beerimplemented in the last decade. Law 28/2005
implemented on the I of January, 2006, banned smoking in all public andwork places, with
some exceptions in hospitality venues(9). No apparat effect on the tobacco consumption
beyond the expected secular trend accompanied Law 8/2005(10). Law 42/2010 was established
on the 2" of January, 2011, and extended the smoking ban tall hospitality venues (bars, cafes,
pubs, restaurants, discos, and casinos) without exeption, and also included some outdoors

areas(11).

At the same period the tobacco smoke-free laws wereimplemented, Spain suffered from the
economic crisis. This seems to have favored an inarase in the consumption of other tobacco
products subject to lower taxes and thus being cheper for smokers(12). A study that describes
trends in the consumption per capita of manufacturd cigarettes and roll-your-own cigarettes in
Spain shows that daily consumption per capita of maufactured cigarettes decreased on average

3.03% per year, from 7.6 units in 1991 to 3.8 unitin 2012, while daily consumption per capita



of roll-your-own cigarettes increased on average 1498% per year, from 0.07 to 0.92 units of 0.5

grams(13).

The objective of this study was to describe smokingprevalence and compare the smoking
attributes of smokers according to the type of tobaco product consumed in the adult population
measured by self-reported data and levels of salivay cotinine collected in 2004-05 and 2011-12,

before and after stepwise smoke-free legislation waimplemented in Spain.
Methods
Study design and selection of study participants

This study had a repeated cross-sectional design. W included 2 representative, random sample
of the population of Barcelona (Spain). Surveys wer conducted before and after the
implementation of stepwise smoke-free legislations.The pre-legislation data were obtained
between March 2004 and December 2005. We used the ame strategy to collect the post-
legislation data between June 2011 and March 2012.Detailed information about the pre-
legislation survey (sampling, face-to-face questionaire, saliva collection, and cotinine analysis)

has been provided elsewhere(14-16).

In brief, for each survey, we determined a sample &e of 1,560 people with standard procedures
( error of 5%, beta error of 20%, and 20% losses foindependent samples). The pre-legislation
survey (years 2004-05), included a final sample ofl,245 individuals and the post-legislation

survey included 1,307 individuals.

We obtained data and addresses for Barcelona residets from the updated official city census
(years 2001 and 2010) provided by the Municipal Insitute of Statistics of Barcelona.
Substitutions accounted for 50.7% and 54.6% of thepre- and post-legislation surveys,
respectively. Individuals that agreed to participat were interviewed at home by trained
interviewers. Participants were asked to sign an iformed consent form before proceeding with
the face-to-face interview. The same questionnairewas used in both surveys (on traditional
paper in the pre-legislation survey and in computeiassisted form in the post-legislation survey).
Additional questions were included in the second smvey regarding the smoke-free legislation.
The questionnaire included information on socio-demgraphics, tobacco consumption, self-
perceived exposure to SHS in different settings, ad attitudes toward smoking restrictions. After
completing the questionnaire, respondents were askd to provide a sample of saliva for the
cotinine analysis, and weight and height were measred. The Research and Ethics Committee of

Bellvitge University Hospital approved the study potocols and the informed consent forms.



Self-reported smoking behaviour and smokers’ charateristics

Self-reported smoking behaviour was determined withthe question: “Which of the following
statements describes the best your smoking behavion?”’. This question categorizes the
participants as (1) Daily smokers, defined as indiiduals that, at the time of the interview,
reported that they smoked at least one cigarette peday; (2) Occasional smokers, those reporting
that they smoked occasionally; (3) Former smokersthose reporting not smoking at present but
they had smoked at least one cigarette per day or ocasionally in the past, and (4) Never
smokers, those who declared that had never smoked.Self-reported non-smokers (never and
former) that had a salivary cotinine concentration> 10 ng/mL were considered missing data
since they had cotinine concentration consistent wth active smoking(17).

For daily smokers, detailed information was collead on self-reported smoking characteristics:
number of cigarettes smoked daily, age when they strted smoking, number of cigarettes
smoked during the previous 24 and 48 hours, duratio of smoking, brand of cigarettes smoked
most often, type of tobacco product smoked (manufatured cigarettes, roll-your-own cigarettes,
cigars, cigarillos, pipe, snus), use of filter tips depth and frequency of inhalation, attempts to
quit, and use of nicotine gum or patches for smokig cessation.

We also collected information on nicotine dependene with the Fagerstrom Test for Nicotine
Dependence (FTND)(18;19). Based on the FTND scores(range 0-10 points), we classified
subjects according to their nicotine dependence (lo/=0—4; medium=5; high=6-10).

Finally, we registered stage of change based on theProchaska and DiClemente algorithm(20).
We considered three stages of change: (1) the precatemplators, smokers that were not seriously
considering quitting within the next 6 months; (2)the contemplators, smokers that were
seriously considering quitting within the next 6 maths, but not within the next 30 days or
smokers that had not attempted to quit for at leas24 hours in the past year, or both; (3) and the
preparation stage, smokers that were planning to qit within the next 30 days and had attempted
to quit for at least 24 hours in the past year(21;2). In this study, we focused on current daily
smokers; therefore, we did not consider the otherwo stages: action (those who had quit during

the past 6 months) and maintenance (those who had git for more than 6 months).

Salivary cotinine

We asked the participants to provide a saliva sampd to determine the cotinine concentrations.
Cotinine is the main metabolite of nicotine; it isa stable, specific, sensitive biomarker of
tobacco consumption(23). We followed the same protocol in both surveys for ollecting the
saliva sample and that had been explained in a preious study in detail(16). The limit of
quantification was 0.1 ng/mL and the limit of detetion was 0.03 ng/mL; the quantification error

was <15%.



Statistical analysis

We calculated prevalence rates (%) to characterizemoking behaviour before and after stepwise
smoke-free legislation among the population. For ddy smokers we computed the proportion of
self-reported use of tobacco products consumed befre and after the legislation. Results were
stratified by sex, age (1644, 45-64, and>65 years), and educational level (less than primary
and primary school, secondary school, and universit). For continuous variables we considered
mean and standard deviation (SD), except for cotime levels that we used geometric mean
(GM) and geometric standard deviation (GSD). For ctegorical variables we used relative
frequency (%) for categorical variables to comparesmoking attributes according to the type of
tobacco consumed using the post legislation data (211-2012). GM and GSD were computed to
describe the cotinine concentrations among current daily smokers using manufactured
cigarettes, roll-your-own cigarettes and using bothtypes of cigarettes and stratified by other
smoking characteristics. Samples with cotinine conentrations below the limit of detection were
assigned a value of 0.05 ng/ml (half the limit of dtection value). All statistical tests were two-
sided, and p values of less than 0.05 were considezd to be statistically significant. Statistical

analyses were performed with SPSS v17.0 and Stata 0.

Results

Sample characteristics and smoking prevalence

A total of 2,552 participants were interviewed; 1,25 subjects in the pre-legislation survey and
1,307 in the post-legislation survey. The samples wre similar in the proportions of men and
women, but we found significant differences in ageand educational level. 19 participants in the
pre-legislation survey were excluded since they wez <16 years old. Of the self-reported non-
smokers (former and never smokers), 110 (62 in thepre-legislation and 48 in the post-
legislation surveys) were not included in the analyis, because they did not provide a saliva
sample; in addition, 12 (10 in the pre-legislationand 2 in the post-legislation survey) were
excluded, because cotinine analysis was not possild (i.e., insufficient sample). 83 non-smokers
from the pre-legislation survey and 19 from the poslegislation survey were excluded, because
they had cotinine concentrations consistent with aive smoking (>10 ng/mL). Therefore, the
final sample for analysis included a total of 1,071Iparticipants before the legislation and 1,238
participants after the legislation.

We observed that smoking prevalence decreased fron26.6% in 2004-05 to 24.1% in 2011-12 in
self-reported daily smokers; and, from 5.8% to 5.0%in occasional smokers. Self-reported
former smokers represented 27.7% of participants in2004-05 and 26.8% of participants in
2011-12. As shown inFig. 1 none of these changes was statistically significah

The prevalence of daily smokers fell from 32.5% t®9.4% in men (p=0.021), and from 21.7%

to 19.3% in women (p=0.580). The decline in smokingprevalence among daily smokers
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between 2004-05 and 2011-12 was higher among peopleaged 16-44 (from 36.4% to 29.4%,
p=0.001). No substantial changes in daily smokers pevalence were observed among people
aged 45 and 64 years old and>65 years old (data not shown). When comparing by edcational
level we observed the highest decrease among partitpants secondary education (from 38.9% to
26.1%, p<0.001) followed by participants with univesity education (from 24.3% to 22.00%,
p=0.041). Prevalence of daily smokers with less tha primary and primary education increased
from 21.3% to 23.8% (p=0.861).

Among those current daily smokers of only manufactred cigarettes (n= 206 in 2004-05, and
n=165 in 2011-12) we did not observed significant dferences of nicotine dependence level and
stages of change. Nevertheless, we obtained signifiant differences in the self-reported number
of cigarettes smoked per day (CPD). Heavy smokers ¥ 20 CPD) were 26.7% before the
legislation vs 15.1% after the legislation (p= 0.03). The mean for FTND scores for all daily
smokers was 4.97 (SD=2.10) in 2004-2005 and 5.10 (P= 2.22) in 2011-2012 (p=0.585). The
mean for CPD reported for daily smokers was 16.31 $D=10.58) in 2004-2005 and 15.14
(SD=9.12) in 2011-2012 (p=0.091). The overall GM ofsalivary cotinine concentration before
and after the implementation of the legislation wagsrespectively, 130.14 (SD=2.33) and 185.05
(SD=2.20) ( p< 0.001).

Type of tobacco consumed among self-reported dailsmokers

Fig. 2 shows the distribution of daily smokers accordingo the type of tobacco product smoked.
The prevalence of smokers that reported to use manfactured cigarettes (only or combined with
other types of tobacco product different from rollyour-own cigarettes) declined from 20.4% in
2004-2005 to 16.4% in 2011-2012. Roll-your-own cigeettes users (only or combined with other
types of tobacco product different from manufacturd cigarettes) significantly increased from
0.3% to 3.5% and users of both manufactured cigard¢ts and roll-your-own cigarettes (with or
without other types of tobacco product) increased fom 0.8% to 1.6% Fig. 2). Table 1 shows
the percent distribution (overall and stratified bysocio-demographic characteristics) of daily
smokers according to the type of tobacco product cnsumed, before and after the stepwise
legislation. We observed a significant increase offoll-your-own users both in men and women,
in people aged 16-44 years old and in people with scondary and higher education level. We
observed the same pattern among people aged between45 and 65 and >65 years and
participants with less than primary and primary eduation, but with no statistically significant

differences.



Characteristics among daily smokers in 2011-12 accoding to the use of manufactured and
roll-your-own cigarettes

Table 2 shows the smoking attributes (nicotine dependencelevels, stages of change, time to
first cigarette, cigarettes per day, and frequencyand depth of inhalation) of self-reported daily
smokers obtained in the 2011-12 survey according tothe use of manufactured and roll-your-
own cigarettes (manufactured cigarettes only, rollyour-own cigarettes only, and both
manufactured and roll-your-own cigarettes only) (n260). We excluded 58 participants for
different reasons (see footnote toTable 2), and hence we finally included 202 participantsn the

analysis. Roll-your-own cigarettes use was higher mong men than women (18.8% vs 7.9%),
young people (19.8% compared with 5.2% among peopleaged 45-65 and 7.1% among>65

years old) and among participants with secondary ad university education compared with
people with less than primary and primary education(14.1%; 16.1%; and 9.1%, respectively).
Roll-your-own cigarettes users had lower nicotine dpendence according to FTND scores
compared to only manufactured cigarettes users andisers of both manufactured and roll-your-
own cigarettes users (52.2%, 40.3%, and 42.9%, respctively). Manufactured cigarettes users
reported the highest nicotine dependence levels (4%% vs 39.1% among roll-your-own
cigarettes users) with no significant differences §=0.151). The majority of smokers were
precontemplators, independently of the tobacco prodct smoked. More manufactured cigarette
users were in the contemplation stage compared withroll-your-own and both manufactured and
roll-your-own cigarettes users. None roll-your-owncigarettes users were in the preparation
stage of change. More roll-your-own cigarettes usey reported to smoke <10 CPD compared
with manufactured cigarettes users and users of bdt manufactured and roll-your-own cigarettes
who mostly reported to smoke between 11 and 20 CPD.

We did not observed significant differences in themean for FTND scores, the mean for CPD
nor the frequency and depth of inhalation accordingo the tobacco product smoked.

Table 3 shows cotinine levels stratified by socio-demograpic and smoking attributes (nicotine
dependence levels, stages of change, time to firstcigarette, cigarettes per day, and depth and
frequency of inhalation) of self-reported daily sm&ers obtained in the 2011-2012 according to
the type of tobacco product consumed. The analysisincluded 202 participants after the
exclusions (same than intable 2). Overall, GM of salivary concentration was 223.41ng/ml

among users of both type of tobacco product, 186.7 ng/ml among roll-your-own users, and
185.05 ng/ml among manufactured cigarettes users, bt with no significant different between
them (p=0.863). We did not observed differences incontinine concentrations according to the
type of tobacco product smoked when we stratified B socio-demographic characteristics and
different smoking attributes. Mean cotinine concemtations increased together with the increase

of FTND scores and the CPD smoked.



DISCUSSION

Our results indicate a relative reduction in the smking prevalence among daily smokers of
9.4% (-9.5% in men, and -11.1% in women) between 204-05 and 2011-12. The highest relative
reduction in the smoking prevalence was observed amng people aged 16-44 years old. During
this period two tobacco smoke-free policies were irplemented in Spain (Law 28/2005 and Law
42/2010) introducing regulation on publicity, sales supply, and consumption of tobacco
products. However we can not attribute this reducbn in smoking prevalence solely to the
implementation of smoke-free policies. According todata from the National Health Interview
Survey (NHIS), for the period from 1987 to 2006, weobserve a relative reduction in smoking
prevalence of 2.2% per year among current male smo&rs (daily and occasional). Among
women, two time segments are described: during thefirst period, from 1987 to 2001, an
increase of 1.2% in smoking prevalence, followed bya second period, from 2001 to 2006, in
which this prevalence drops 2.9% annually(5;10). Oa study conducted in England to examine
the impact of the legislation on smoking prevalencecontrolling for secular trends through the
end of 2008 observed a reduction in smoking prevalace from 25% in 2003 to 21% in 2008.
However, after taking these trends into account, th implementation of smoke-free legislation

was not associated with a statistically significanty change in smoking prevalence(24).

In our study, we observed a reduction in the numberof heavy smokers (> 20 CPD) (26.7%
before the legislation vs 15.1% after the legislaon). A local study conducted in north-west
England 3 months after the implementation of tobaco smoke-free policy found no significant
change in smoking prevalence but found also a redution in the proportion of heavy
smokers(25).However FTND scores and the stages of bange among users of manufactured

cigarettes did not differ before and after the legilation.

Our results indicate an important reduction in theprevalence of manufactured cigarettes users in
2011-12 comparing with the data collected in 2004-8. However, roll-your-own cigarettes users
considerably increase as well as mixed manufacturedand roll-your-own cigarettes users. This
data makes sense with the decrease in Spain in sale of manufactured cigarettes per capita
jointly with an increase on roll-your-own cigarette sales(13). Among self-reported daily
smokers, roll-your-own cigarettes users representeda 15.4% in 2011-2012. This percentage is
higher than that obtained in a study evaluating smking prevalence in Italy in 2011 and 2012 in
which 4.6% of smokers reported to regularly use rdbyour-own cigarettes, although they
observed an increased between this 2 years (3.4% in2011 to 5.9% in 2012)(26). In other
countries the prevalence of roll-your-own cigarette use was 28.4% of UK smokers, 24.3% of
Australian smokers, 17.1% of Canadian smokers, andonly 6.7% of US, according to data

obtained in 2002(27).



Our data show that the increase in roll-your-own tbacco users for the period studied is
remarkable for both men and women, in ages betweenl 6-44 years old and among people with
secondary and university studies. For mixed manufamred and roll-your-own cigarettes users,
the increase between 2004-05 and 2011-12 is not vey pronounced for men but it is for women,
and among younger people. According to the data ohtined in 2011-12 we could define the
pattern of roll-your-own cigarettes users as: menpeople aged 16-44 years old and people with
higher education level. This pattern is the same thn that obtained in other studies focusing on

the attributes of roll-your-own cigarettes smokers26;27).

Previous studies including data obtained from the TC study in Australia, Canada, the UK, and
US, found that roll-your-own cigarettes users had hgher level of nicotine addiction than
manufactured cigarettes users(27). Our results indiate no significant differences in nicotine
dependence levels according to the type of tobaccoproduct smoked although the percentage of
daily smokers with low nicotine dependence level wsa higher among roll-your-own cigarettes
users compared with other types of tobacco productsmoked. In the same study they did not
found differences between the proportion of manufatured cigarettes smokers and mixed
manufactured and roll-your-own cigarettes smokers Wwo made quit attempts, but found that roll-
your-own cigarettes users were less likely to havemade quit attempts(27). Accordingly, we
found that roll-your-own cigarettes users were mordikely to be in the precontemplation stage
of change. Finally, almost all roll-your-own cigarttes users reported to smoke< 20 CPD with
only a 7.4% of heavy smokers (>20 CPD). As also reprted in another study(27), we found that
depth of inhalation among both roll-your-own and nsed manufactured and roll-your-own
cigarettes smokers was deeper than among manufactued smokers. According to the smoking
attributes we could defined the roll-your-own cigagttes users as smokers with little dependence
to nicotine, that have no intention to quit, they taim to smoke few cigarettes a day and to inhale
more deeply than manufactured smokers. These smokig characteristics together with the
younger ages among roll-your-own cigarettes users wuld make sense with the belief that roll-
your-own tobacco is less harmful compared to otherforms of tobacco, and that the amount of
smoke is reduced together with a more positive pereption of tobacco use, and the satisfaction

feeling they produced(27;28).

Contrary to the general belief that the amount of moke is reduced with roll-your-own cigarettes
we found that roll-your-own cigarettes users had gnilar cotinine levels than manufactured
cigarettes users. Furthermore, these cotinine levks where similar for smokers with the same
smoking characteristics (FTND scores, stages of chage and depth and frequency of inhalation)
independently of the type of tobacco product smokedThese findings could be related with the
theory that people regulate their intake of nicotim to reach the desire doses(29), and this

condition would be the same for manufactured, rollfour-own or mixed manufactured and roll-
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your-own cigarettes users, and also agrees with theobservation that the content of nicotine of

roll-your-own cigarettes are even higher than manufctured(30;31).
Public Heath Implication

It has been report that manufactured cigarette pries results in a decrease in smoking prevalence
and intensity(32-34). In Spain, the government hasstrengthened tobacco policies, including
regulations on tobacco taxes. However, these change have mainly affected manufactured
cigarettes while other tobacco products have becomea cheaper alternative for smokers(12). In
fact, prices of manufactured cigarettes were aboutt0% higher than the rolling tobacco in 2009,
when a small tax was introduced. The tobacco industy has used the asymmetric structure of
taxation of different tobacco products in marketingfine-cut tobacco at cheap prices. Thus, it is
not rare to observe such increase in the proportionof self-reported roll-your-own cigarettes
users or even in the proportion of both manufacturd and roll-your-own cigarettes users,
especially among young people, and considering thecollateral effects of the current economic
crisis in Spain. In fact, the cheaper prices of rdlyour-own cigarettes have been reports as the

main reason why smokers switch from manufactured @arettes to roll-your-own cigarettes(28).

Economics is not the only reason to switch from manfactured cigarettes to roll-your-own
cigarettes. Some smokers enjoy the ritual of rollig a cigarette; others think roll-your-own
cigarettes are more satisfying and taste better; ad some smokers have the sensation they reduce
the amount smoke and contain less additives(28). Hially, roll-your-own cigarettes users believe
these cigarettes are safer(27;28). However, rollingobacco yields higher nicotine, tar and carbon
monoxide levels than manufactured cigarettes(27;3(B1;35). These reasons mimic the
arguments rose several decades ago to favour the ue of “less harmful cigarettes” under the
mask of low tar and light brands(36). Although it4d still unclear the consequences of roll-your-
own cigarettes use for health, there are some studis that reported higher risk to develop cancer

lung cancer, and other diseases related to smokingZ8).
Limitations and strengths of this study

One potential limitation of the study was an informtion bias derived from the use of a
questionnaire. However, we could validate our resub on smoking status with salivary cotinine
measurements; and we also used trained personnel toconduct interviews and a protocol of
interview and collection of saliva sample was used Another potential limitation would be that
we use the limit of 35 ng/ml of cotinine per one cgarettes smoked, as a boundary above which a
level would be considered not biologically plausitd in relation to the self-reported
consumption, for roll-your-own and mixed roll-youswn and manufactured cigarettes users.

This level of cotinine represents the maximum levelof absorption per one cigarette smoked,
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assuming that the typical cotinine concentration ofl2 ng/ml per cigarette is equivalent to the
usual absorption of 1 mg of nicotine per cigaretteand that a cigarette smoker can absorb up to 3
mg of nicotine per cigarette with very intense smokng(37).However, this limit was obtained in
experimental studies with manufactured cigarettesThis limit could have been different for roll-
your-own cigarettes smokers but to our knowledge thre are no data published for roll-your-own

cigarettes.

This study included representative, random samplesof the population of Barcelona (Spain).
This is the first study that systematically evaluats smoking prevalence and smokers attributes
focusing in manufactured and roll-your.own cigaretts users in Spain, before and after the
implementation of a stepwise smoke-free legislation Moreover, to our knowledge, this is the
first study that considers cotinine levels among smkers according to the type of tobacco

product smoked.
Conclusions

To systematically collect data on smoking prevalene and smokers attributes, including types of
tobacco product consumed, on representative samples of population is necessary for
policymakers to develop efficient tobacco control riterventions and recommendations for the
population. Considering such increase among roll-yor-own cigarettes users and the unclear
consequences on health of their use, policymakers Bould aim to implement tax policies to
equalise the prices of different types of tobacco poducts. Moreover, further research is needed
to determine exposure to tobacco biomarkers and thehealth effects of roll-your-own cigarettes
use. Specific tobacco control strategies should bedeveloped to tackle roll-your-own cigarette

smoking, this emerging type of tobacco consumptiortargeting young people.
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Figure 1. Smoking prevalence among adult population of Barcelona, Spain (2004-05 and

2011-12).
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Figure 2. Smoking prevalence among adult population of Barcelona, Spain (2004-05 and

2011-12), according to the type of tobacco consumed.
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Table 1. Self-reported tobacco products consumed among daily smokers in Barcelona, Spain (2004-05 and 2011-12)

Manufactured and

I::I:a::x:;cet:(r;;i t?t:;::?‘;'; roll-your-own Other types (%)
g ? g ? cigarettes (%)
Before After % before % after % before % after % before % after % before % after p_value
Overall 285 298 89.1 71.8 14 15.4 3.5 7.0 6.0 5.7 <0.001
Sex
Men 158 172 82.9 64.0 1.9 19.8 5.1 6.4 10.1 9.9 <0.001
Women 127 126 96.9 82.5 0.8 9.5 1.6 7.9 0.8 0.0 0.001
Age (years)
16-44 156 170 91.0 62.9 1.3 22.9 5.1 11.8 2.6 2.4 <0.001
45-64 102 103 90.2 85.4 2.0 5.8 2.0 1.0 5.9 7.8 0.440
265 27 25 74.1 76.0 0.0 4.0 - - 25.9 20.0 0.526
Educational level
Less than 96 76 89.6 82.9 2.1 7.9 2.1 5.3 6.3 3.9 0.175
primary and
primary
Secondary 98 130 89.8 66.2 1.0 17.7 6.1 11.5 3.1 4.6 <0.001
University 89 92 87.6 70.7 1.1 18.5 2.2 2.2 9.0 8.7 0.002
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Table 2. Characteristics of adult daily smokers (manufactured vs roll-your-own). Barcelona,
Spain (2011-12)

only only roll- Manufactured
and roll-your- p_value
manufactured your-own
own
Overall (N) 165 27 10
Nicotine dependence level (%) 0.151
Low (0-4 points) 40.3 52.2 429
Medium (5 points) 14.1 8.7 42.9
High (6-10 points) 45.6 39.1 14.3
Stages of change (%) 0.023
Precontemplation 74.5 87.5 70.0
Contemplation 22.8 12.5 10.0
Preparation 2.8 - 20.0
Time to first cigarette (%) 0.501
>60 min 28.5 23.1 40.0
31-60 min 14.5 26.9 20.0
6-30 min 35.2 30.8 40.0
<5min 21.8 19.2 -
Cigarettes per day (%) 0.046
<10 32.7 51.9 -
11-20 52.1 40.7 70.0
21-30 10.3 7.4 30.0
>30 4.8 - -
Frequency of inhalation (%) 0.549
All the time 22.6 18.5 10.0
Half the time 66.5 74.1 90.0
Seldom 11.0 7.4 -
Depth of inhalation (%) 0.515
Light 8.0 3.7 10.0
Moderate 39.3 29.6 20.0
Deep 52.8 66.7 70.0
Overall FTND score, mean (SD) 5.10(2.22) 4.70 (1.96) 4.57 (1.40) 0.659
Overall CPD, mean(sD) 15.40 (8.88) 12.28(6.60)  18.21 (5.35) 0.064

Footnote: We excluded 6 participants using nicotine gum or nicotine patch for cessation, and
18 participants that did not provide a saliva specimen or that cotinine determination was not
possible. Additionally, 34 people were excluded because their cotinine concentrations were
too high in relation to the self-reported consumption, that is, over 35 ng/ml per one cigarette
smoked.
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Table 3. Cotinine concentrations in daily smokers according to type of tobacco smoked (manufactured

vs roll-your-own). Barcelona, Spain (2011-12)

Only manufactured Only roll-your-own Manufactured and p_value*
roll-your-own
n GM (GSD) N GM (GSD) n GM (GSD)

Overall 165 185.05 (2.20) 27 186.77 (2.35) 10 223.41 (1.67) 0.863
Sex

Men 78 207.06 (2.19) 19 178.07 (2.33) 4 258.46 (1.47) 0.697

Women 87 167.34(2.18) 8 209.22 (2.53) 6 202.72 (1.82) 0.607
Age (years)

16-44 80 168.00 (2.24) 22 172.66 (2.50) 9 207.35(1.62) 0.783

45-64 72 213.99 (2.04) 4 235.34(1.48) 1 437.52 0.376

265 13 150.07 (2.66) 1 417.16 - 0.385
Educational level

Less than primary and 48 198.61(2.05) 5 200.26 (2.11) 2 164.63 (1.08) 0.640

primary

Secondary 65 191.12 (2.33) 12 255.33(1.77) 8 241.16 (1.74)  0.498

University 52 166.49 (2.18) 10 123.97 (2.91) 0.455
Nicotine dependence level

Low (0-4 points) 60 115.35(2.11) 12 118.00 (2.64) 3 175.63 (2.28) 0.616

Medium (5 points) 21 201.42 (1.97) 493.86 (1.27) 3 180.18(1.18) 0.043

High (6-10 points) 68 279.25 (1.81) 269.77 (1.73) 1 326.21 0.950
Stage of change

Precontemplation 108 190.46 (2.35) 21 195.16 (2.49) 247.86 (1.50) 0.895

Contemplation 33 211.11(1.69) 3 282.10 (1.04) 76.58 0.174

Preparation 4 92.75 (1.45) 0 - 265.34 (1.34) 0.064
Time to first cigarette

>60 min 47 96.41 (2.15) 6 111.89(2.38) 4 170.53 (1.96) 0.430

31-60 min 24 173.90(1.63) 7 129.81(2.86) 2 261.82 (1.02) 0.314

6-30 min 58 235.88(1.93) 8 249.12 (1.88) 4 270.40 (1.51) 0.965

<5min 36 305.56 (1.80) 5 380.28 (1.16) 0.498
Cigarettes per day

<10 54 90.47 (2.17) 14 105.93 (2.27) 0.339

11-20 86 245,19 (1.62) 11 346.42 (1.35) 7 252.41(1.39) 0.043

21-30 17 292.89(1.83) 2 331.21(1.27) 3 168.11(2.28) 0.518

>30 8 424.23(1.31) O 0 -
Frequency of inhalation (%)

All the time 37 200.22(2.35) 5 191.82(2.00) 1 397.28 0.555

Half the time 109 169.51 (2.21) 20 210.81(2.13) 9 209.56 (1.65)  0.420

Seldom 18 250.15(1.58) 2 52.08 (5.21) 0.059
Depth of inhalation (%)

Light 13 144.51 (2.32) 280.48 173.58 0.510

Moderate 64 181.05 (2.29) 93.80 (2.84) 290.20(1.18) 0.098

Deep 86 193.02 (2.11) 18 247.97 (1.81) 21493 (1.81) 0.430

*Non-parametric test for independent samples
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BACKGROUND: Some countries have recently extended smoke-free policies to particular outdoor
settings; however, there is controversy regarding whether this is scientifically and ethically justifiable.

OBJECTIVES: The objective of the present study was to review research on secondhand smoke (SHS)
exposure in outdoor settings.

DATA SOURCES: We conducted different searches in PubMed for the period prior to September
2012. We checked the references of the identified papers, and conducted a similar search in Google
Scholar.

STUDY SELECTION: Our search terms included combinations of “secondhand smoke,” “environ-
mental tobacco smoke,” “passive smoking” OR “tobacco smoke pollution” AND “outdoors” AND
“PM” (particulate matter), “PM, 5” (PM with diameter < 2.5 pm), “respirable suspended particles,”
“particulate matter,” “nicotine,” “CO” (carbon monoxide), “cotinine,” “marker,” “biomarker” OR
“airborne marker.” In total, 18 articles and reports met the inclusion criteria.

» «

RESULTS: Almost all studies used PM,; 5 concentration as an SHS marker. Mean PM, 5 concen-
trations reported for outdoor smoking areas when smokers were present ranged from 8.32 to
124 pg/m? at hospitality venues, and 4.60 to 17.80 pg/m> at other locations. Mean PM, 5 concen-
trations in smoke-free indoor settings near outdoor smoking areas ranged from 4 to 120.51 pg/m>.
SHS levels increased when smokers were present, and outdoor and indoor SHS levels were related.
Most studies reported a positive association between SHS measures and smoker density, enclosure

of outdoor locations, wind conditions, and proximity to smokers.

CONCLUSIONS: The available evidence indicates high SHS levels at some outdoor smoking areas and
at adjacent smoke-free indoor areas. Further research and standardization of methodology is needed
to determine whether smoke-free legislation should be extended to outdoor settings.

KEY WORDS: exposure markers, outdoor tobacco smoke, particulate matter, passive smoking,
secondhand smoke, smoking ban, tobacco smoke pollution.

Environ Health Perspect 121:766—773 (2013). http://dx.doi.org/10.1289/ehp.1205806 [Online

7 May 2013]

Secondhand smoke (SHS) is a complex
mixture of thousands of compounds includ-
ing particulate matter emitted by the com-
bustion of tobacco products and from smoke
exhaled by smokers [International Agency
for Research on Cancer (IARC) 2004]. It
contains > 50 chemicals recognized as known
and probable human carcinogens, other ani-
mal carcinogens, and many toxic and irri-
tant agents (U.S. Department of Health and
Human Services 2006). Over the past two
decades, scientific evidence has accumu-
lated linking SHS exposure to adverse health
outcomes, including respiratory outcomes
in children and adults, acute cardiovascular
effects, and lung cancer (IARC 2004; Ott
et al. 2006; U.S. Department of Health and
Human Services 2006). Most of this evi-
dence is based on long-term SHS exposure
research (IARC 2004). Some recent studies
have also reported evidence of effects follow-
ing short-term exposure to tobacco smoke,
such as eye irritation and respiratory irrita-
tion among nonsmokers (Junker et al. 2001).
Even brief and short-term exposures to SHS
may generate significant adverse effects on the
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human respiratory system, as discussed in a
recent review (Flouris and Koutedakis 2011).
Finally, Pope et al. (2001) suggested that
effects of acute exposure to tobacco smoke on
cardiac autonomic function may contribute
to pathophysiological mechanisms linking
exposure to SHS to increased risk of cardio-
vascular mortality.

Smoke-free policies have been expand-
ing worldwide since the World Health
Organization (WHO) encouraged countries to
follow Article 8 of the Framework Convention
on Tobacco Control (FCTC) (WHO 2003)
to protect people from SHS (Globalsmokefree
Partnership 2009). Legislation has been widely
implemented in indoor public places, work-
places, and public transportation (WHO
2009). Since the implementation of indoor
smoke-free environments, several studies have
demonstrated important reductions of SHS
exposure, including an 80-90% decrease in
previously high-exposure settings, such as
workplaces and hospitality venues such as
bars and restaurants (IARC 2008). However,
indoor smoking bans may increase the likeli-
hood that smokers will gather at convenient

outdoor locations such as public areas near
building entrances (Kaufman et al. 2010a).
In 2007, a revision of the FCTC Article 8
guidelines further recommended that quasi-
outdoor and outdoor public places should be
smoke-free under some circumstances, and
called upon countries to “adopt the most
effective protection against exposure wher-
ever the evidence shows that hazard exists”
(WHO 2009). Recently, some countries
have extended smoking bans to some out-
door locations (Globalsmokefree Partnership
2009; Repace 2008), particularly health care
centers and settings where children are pres-
ent (Globalsmokefree Partnership 2009).
However, there remain some outdoor loca-
tions close to smoke-free areas where people
may be exposed to SHS, such as terraces and
patios in hospitality venues and near entrances
to smoke-free buildings (Globalsmokefree
Partnership 2009).

Some controversy exists regarding whether
smoking should be prohibited in outdoor set-
tings (Chapman 2008; Thomson et al. 2008).
Health concerns about SHS exposure, nui-
sance from SHS, litter, fire hazards, concern
about establishing positive smoke-free mod-
els for youth, and reducing youth opportu-
nities to smoke (Bloch and Shopland 2000;
Brennan et al. 2010; Cameron et al. 2010;
Chapman 2008; Repace 2008; Thomson
et al. 2008, 2009) exemplify the reasons why
smoking should be banned in selected out-
door locations. Outdoor smoking bans might
also support smokers who are trying to quit
by limiting their overall cigarette consump-
tion (Williams et al. 2009). Selected outdoor
smoking bans should also help to denormal-
ize smoking in outdoor areas (Thomson et al.
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2008). In a number of jurisdictions, the major-
ity of the public supports restricting smoking
in various outdoors settings, and this support
appears to be increasing over time (Thomson
et al. 2009). However, those who oppose out-
door smoking bans argue that it is ethically
unsustainable because it does not respect the
principle of freedom and autonomy of indi-
viduals, and that there is insufficient evidence
that SHS in these environments has an impact
on health (Chapman 2000, 2008).

SHS exposure has been commonly stud-
ied in different indoor locations, especially in
workplaces such as hospitality venues or health
care centers (JARC 2009); however, outdoor
SHS has been scarcely evaluated. It has been
hypothesized that the introduction of indoor
smoking bans has led to a relocation of smok-
ers to outdoor areas, with a subsequent increase
of tobacco smoke levels in outdoor places
(Sureda et al. 2012). The aim of the pres-
ent study is to review research on objectively
assessed SHS levels in outdoor settings, includ-
ing information on indoor and outdoor SHS
concentrations, the effect of smoking bans on
indoor and outdoor SHS levels, the relation
between outdoor and indoor SHS levels, fac-
tors that influence outdoor and indoor SHS
concentrations, and whether measured SHS
levels comply with the air quality standards
established by the WHO (2005).

Methods

We conducted several different searches
in PubMed (http://www.ncbi.nlm.nih.
gov/pubmed) for papers published before
September 2012 to identify papers on SHS
assessment in outdoor settings. We combined
different terms as follows:
((“Secondhand smoke” OR “environmental
tobacco smoke” OR “passive smoking” AND “out-
door”) OR (“Tobacco Smoke Pollution”[Mesh]
AND “outdoor”)) AND (PM OR RSP OR PM2.5
OR particulate matter OR nicotine OR CO OR
cotinine OR marker OR markers OR biomarker
OR airborne marker) AND (English[lang] OR
French[lang] OR German([lang] OR Italian[lang]
OR Spanish[lang] OR Catalan(lang]).

The search was more sensitive than specific;
therefore, we arrived at the first selection of
manuscripts by checking the results of every
search and reading titles and abstracts. We
then obtained the selected papers and read
them carefully. Finally, we completed our
search by checking the references of the
papers and conducting similar searches in
Google Scholar (http://www.scholar.google.
com/; with search terms in English).

Our final selection included studies
whose main objectives were to measure SHS
or tobacco smoke exposure in outdoor set-
tings using a tobacco biomarker or airborne
marker. Outdoor areas included completely
open spaces and quasi-outdoor areas with
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temporary or permanent structures, such as a
roof or side walls, that would impede upward
or lateral airflow, respectively.

We excluded articles that studied SHS
exposure indoors but not outdoors and articles
that studied air pollution outdoors, but not
specifically SHS. We were able to consider
papers in English, French, German, Italian,

Spanish, and Catalan.

Results

Our initial searches identified 263 papers; after
checking the titles, 67 abstracts were reviewed
(Figure 1). Of these, 51 were determined not
to meet eligibility criteria. We read the remain-
ing 16 papers in full, plus 6 additional papers
identified from references. We finally identi-
fied 18 articles and reports that satisfied the
inclusion criteria, including 15 published in
peer-review journals and 3 academic reports
available on the Internet. One report was a
pilot study for which we obtained data from
the subsequently published study (Klepeis
et al. 2007). We included only results related
to SHS in outdoor areas from another report
[California Air Resources Board (CARB)
2005] concerning SHS exposure in California.

The 18 papers included were published
between 2005 and 2012. The studies were
conducted in Australia (z = 3), Canada
(n = 2), New Zealand (n = 4), the United
States (z = 6), Denmark (7 = 1), and Spain
(n = 1), and a multicenter study was con-
ducted in eight European countries (7 = 1)
(Table 1). Almost all (7 = 16) used airborne
markers to assess SHS exposure, including 14
studies that measured particulate matter < 2.5
pm in diameter (PM; 5). Airborne nicotine,

263 articles identified
by search criteria

A

67 abstracts obtained |

carbon monoxide (CO), PMj;5 (< 3.5 pm in
diameter), and polycyclic aromatic hydro-
carbons (PAHs) were used infrequently and
mostly to complement PM; 5 assessment
(n = 5). Two studies used personal biological
markers {salivary cotinine in both studies and
NNAL [4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol] in one of the studies} to assess
tobacco exposure among participants (Hall
et al. 2009; St.Helen et al. 2012).

The studies included between 2 and 127
locations. Depending on the specific study
objectives, different locations were tested.
Nine studies were conducted in hospitality
venues (Table 1) such as pubs, restaurants,
bars, cafés, and outdoor dining areas. Six stud-
ies measured SHS in other locations such as
entrances to buildings and the adjacent indoor
area and transportation settings, including an
airport, parks, streets, university campuses,
and one junior college campus (Table 2).
Three studies assessed SHS in both hospital-
ity and non-hospitality venues. Most stud-
ies were observational studies, with only two
experimental studies. All included papers were
written in English.

SHS in outdoor smoking areas. Mean
PM, 5 concentrations reported for outdoor
smoking areas at hospitality venues ranged
from 8.32 }1g/m3 (Stafford et al. 2010) to
124 pg/m? (Wilson et al. 2007) when smok-
ers were present (Table 2). In non-hospitality
venues, mean PM, 5 concentrations reported
for outdoor settings ranged from 4.60 pg/m?
(Bofhi et al. 2006) to 17.80 pg/m> (Bofh et al.
2006) (Figure 2). Klepeis et al. (2007)
obtained an overall PM, 5 mean of 30 pg/m?
for the observational data for hospitality

—>| 196 titles not relevant

_| 15 studying air pollution outdoors

but not specifically SHS

18 studying SHS indoors

4

but not specifically SHS outdoors

. 6 about health impact

outcomes

12 evaluating tobacco policies

4

| 16 full text obtained |

6 articles from references |—>

(not SHS measurements)

—>| 3 studying air pollution but not specifically SHS

4

A

| 18 articles reviewed |

1 studying SHS indoors but not specifically
SHS outdoors

Figure 1. Flow diagram for the identification and selection of studies included in the review.
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Table 1. Main characteristics of reviewed studies from before September 2012 assessing outdoor SHS exposure in hospitality venues.

SHS marker concentration Background
Study design: venue type, and SHS concentration
Reference, location sample size marker Potential confounders Presence of smokers Absence of smokers (control)
Klepleis et al. 2007, Observational and experimental: ~ PM, 5 Wind conditions, source Overall mean: 30 pg/m3
California, USA 10 outdoor public places including proximity, and no. of (observational data).
parks, sidewalk cafés, and cigarettes Maximum: 1,000 pg/m?
restaurant and pub patios. Results at distances within 0.5 m
provided for hospitality venues (experimental data)
and other settings combined
Travers et al. 2007, Observational: 20 smoking areas of PM; 5 No. of burning cigarettes, ~ Overall mean: 96 pg/m3. 6 pg/m?
Victoria, British bars and restaurants (outdoors) coverage and cigarette Maximum: 1,318 pg/m3
Columbia, Canada proximity, or size
Wilson et al. 2007, Observational: 34 pubs, PM; 5 No. of people in room/area  “Outdoor” smoking areas of Inside hospitality 14 pg/m3

New Zealand

Hall et al. 2009,
Athens, Georgia,
USA

Brennan et al.
2010, Victoria,
Australia

Cameron et al.
2010, Melbourne,
Australia

Stafford et al.
2010, Perth
and Mandurah,
Australia

Edwards et al.
2011, New
Zealand

St.Helen et al.
2011, Athens,
Georgia, USA

Wilson et al. 2011,
New Zealand

St.Helen et al.
2012, Athens,
Georgia, USA

L6pez et al. 2012,
Europe

restaurants, and bars; 6 outdoor
smoking areas of bars and
restaurants. Also in this study:

10 transportation settings, 9 other
indoor settings, and 6 other
outdoor settings (Table 2)

and no. of lit cigarettes
among occupants

Observational: 5 bars (n=3) SC Proximity to smokers
and family restaurants (n=2)
(outdoors)

Observational: 19 pubs and bars PM; 5 No. of patrons and lit

that had at least one indoor area
with an adjacent semi-enclosed
outdoor eating/drinking area (5 m
from the main access)
Observational: 69 visits to 54 dining PM; 5
areas of bars and restaurants

cigarettes, overhead
covers, ventilation, and
kitchen operating

of other lit cigarettes, and
overhead cover

Observational: 12 cafes and PM; 5 No. of smokers, wind level,
16 pubs (outdoors) coverage, no. of patrons,
street type, and road
traffic
Observational: 7 pubs and bars PM, 5 Ventilation

(semi-enclosed outdoor area and
indoor)

Observational: 2 family restaurants, PM,sand No. of smokers,
3 bars (outdoors) co pedestrians, and vehicles

Observational: 20 outdoor smoking  PM; 5 None
areas of hospitality venues,
13 inside bars adjacent to outdoor
smoking areas, 10 pubs/sports
bars, 18 bars, 9 restaurants,
5 cafés. Also in this study:
15 inside public buildings,
15 inside transportation settings,
and 22 various outdoor street/
park settings

Observational: a bar and a family
restaurant (outdoors), an open-air
seating area with no smokers
(control)

SCand
NNAL

No. of lit cigarettes

Observational: 48 hospitality
venues (night bars, restaurants
and bars)

PM; 5 and No. of smokers and
nicotine  coverage

No. of target cigarettes, no.

bars and restaurants (n = 4);

36 pg/md. Relatively enclosed

smoking areas attached

to bars (n=2): 124 pg/md.

Maximum (outdoor smoking

area in a bar): 284 ug/m3
Overall GM, bar:

182 pg/m3. Overall GM,

restaurant: 75 pg/m3

Overall GM indoor:
61.3 pg/m® (pre-ban).
Overall GM, outdoor:
19.0 pg/m? (pre-ban)

Overall mean: 27.3 pg/m?.
Maximum: 483.9 pg/m3

Overall median: 8.32 pg/m?®.
Maximum: 142.08 pg/m?

Noncommunication
smoking area outdoors:
range, 32109 pg/md.
Communication smoking
area outdoors: range,
29-192 pg/md

PM, 5: range, 16.6-63.9 pg/m?.
CO: range, 1.2-1.6 ppm

Outdoor smoking areas of
hospitality venues (n=20):

72 pg/md. Inside bars adjacent

to outdoor smoking areas
(n=13): 54 pg/m®

SC in restaurant: 69 pg/m3.
SC in bar: 165 pg/m®. NNAL,
in restaurant; 0.774 pg/m?.
NNAL in bar: 2.407 pg/m3

PM, 5 indoors (n=42):
120.51 pg/m® (pre-ban). PM, 5
outdoors (n=42): 29.61 pg/m3
(pre-ban). Nicotine indoors
(n=46): 3.69 pg/m? (pre-ban).
Nicotine outdoors (46):
0.31 pg/m3 (pre-ban)

venues (n = 34):

16 pg/m3. Outside
hospitality venues
(n=234): 14 pg/m?

Overall GM, bar:

69 pg/m3. Overall
GM, restaurant:
36 pg/m?

Overall GM, indoor:
17.4 ug/m?3 (post-ban).
Overall GM, outdoor:
13.1 pg/m?® (post-ban)

Before smoking
time: 43 pg/m3.
After smoking
time: 49 pg/m3

QOverall mean: 8.4 ug/m?
17.6 pg/m3
Overall median:
2.56 pg/md
Noncommunication
smoking area indoors:
range, 14-79 pg/m3.
Communication
smoking area indoors:
range, 2.36-117 pg/m®
PMZEI
20.4 pg/mé. CO:
1.3 ppm
Inside hospitality 11 pg/m3
venues (n=42): range,
7-22 pg/m?
SC in restaurant: SC: 53 pg/md.
46 pg/m?. SC in NNAL:
bar: 45 pg/m?. 0.038 pg/m?

NNAL in restaurant:
0.041 pg/m3. NNAL in
bar: 0.037 pg/m?
PMj 5 indoors (32):
36.90 pg/m?3 (post-ban).
PM 5 outdoors
(32): 3610 pg/m?
(post-ban). Nicotine
indoors (39):
0.48 pg/m? (post-ban).
Nicotine outdoors (39):
1.56 pg/m? (post-ban)

Abbreviations: GM, geometric mean; NNAL, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; SC, salivary cotinine.
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venues and other settings combined. In the
experimental component of the same study,
PM, 5 concentrations reached values of
200 pg/m? and 500 pg/m® depending on
other external conditions (Klepeis et al. 2007).

Three studies (Cameron et al. 2010;
Parry et al. 2011; Stafford et al. 2010) that
compared outdoor SHS measurements dur-
ing smoking and nonsmoking periods
reported that particulate concentrations were

Secondhand smoke in open and semi-open settings

significantly higher during active smoking.
Two studies reported that PM, 5 concentra-
tions in outdoor smoking areas were higher
than background PM, 5 levels similarly mea-
sured in nearby, smoke-free, outdoor air (St.
Helen et al. 2011; Travers et al. 2007). An
additional study (Bofhi et al. 2006) reported
high PM, 5 concentrations both outdoors and
indoors during 1 day in a conference center
where smoking was permitted.

One study used salivary cotinine to evalu-
ate SHS exposures among nonsmokers before
and after they spent 6 hr at smoking areas of
outdoor bars or outdoor restaurants, or at an
outdoor control site without smoking (Hall
et al. 2009). Median increases in salivary coti-
nine from pretest to posttest were approxi-
mately 162%, 102%, and 16% for the bar,
restaurant, and control sites, respectively. A
similar study measured salivary cotinine

Table 2. Main characteristics of reviewed studies from before September 2012 assessing outdoor SHS exposure in non-hospitality settings.

SHS marker concentration Background
Reference, Study design: venue type, concentration
location and sample size SHS marker Potential confounders Presence of smokers Absence of smokers (control)
CARB 2005, Observational: an airport, a junior Airborne No. of cigarettes Range, 0.013-3.1 pg/m?3 Range, 0.009—
California, USA college campus, a public building, nicotine smoked, wind speed, 0.12 pg/md
an office complex, and a park and direction
Repace 2005, Experimental: various locationson ~ PM35and PAH  Distances, number of Range, 100~150 pg/m?
Baltimore, USA the UMBC campus (outdoors and smokers, and wind outdoors in proximity to
indoors) conditions smokers
Boffi etal. 2006,  Observational: in a car park, inside ~ PM, 5 None Outside in front of a Car parking area: 5.7 ug/m®
Copenhagen, a nonsmoking conference center, conference center: 6.0 pg/m®. Inside a
Denmark outdoors in front of the conference 17.8 pg/m3. Along the conference center:
center, with smokers under a roof, motorway: 4.6 pg/m3 3.0 pg/md
along the motorway, and inside
a Copenhagen restaurant where
smoking was allowed
Klepeis et al. Observational and experimental: PM, 5 Wind conditions, source  Qverall mean: 30 pg/md.
2007, California, 10 outdoor public places including proximity, and no. of Maximum: 1,000 pg/m3 at
USA parks, sidewalk cafés, and cigarettes distances within 0.5 m
restaurant and pub patios. Results
provided for hospitality venues and
other settings combined
Wilson et al. Observational: 10 transportation PM; 5 No. of people in room/ Transportations 14 pg/m3
2007, New settings, 9 non-hospitality indoor area and no. of lit settings (n=10):
Zealand settings, and 6 non-hospitality cigarettes among 13 pg/m3. Non-
outdoor settings. Also in this study: occupants hospitality indoors
34 pubs, restaurants, and bars and (n=9): 3 pg/md.
6 outdoor smoking areas of bars Non-hospitality
and restaurants outdoors (n=6):
7 ug/m3
Kaufman et al. Observational: entrances to 28 office PM, 5 No. of cigarettes, wind ~ Qverall median outdoors: Overall median 8 pg/m3
2010b, Toronto, buildings both indoor and outdoor direction and strength, 11 pg/m? (1-4 cig); outdoors: 8 pg/md.
Canada and distance from the 16 pg/m? (> 5 cig). Overall median
nearest lit cigarette to ~ Maximum: 496 pg/mq. indoors: 5 pg/m3
the monitor Overall median indoors:
6 pg/m3 (1-4 cig); 4 pug/m3
(>5c¢ig)
Parry etal. 2011,  Observational: streets (no. of PM; 5 No. of smokers, Overall mean: 14.2 pg/m3. Overall mean:
New Zealand samples not indicated) smoking proximity, Maximum: 186.0 pg/m? 5.9 pg/mé
and coverage
Sureda et al. Observational: 47 public building PM, 5 and No. of lit cigarettes, Overall PM, 5 concentration Overall PM, 5 PM; 5
2012, Barcelona,  main entrances (both outdoors and  airborne coverage, and outdoor: 17.16 pg/md. concentration concentration:
Spain indoors) nicotine distance to roadways  Overall PM, 5 concentration Control point 13.00 pg/m?
indoor: 18.20 pg/m?. indoor: 10.40 pg/m?
Nicotine concentration in
28 main entrances outdoors:
0.81 pg/m?. Maximum
value PM 5 (outdoor):
128.44 pg/m?
Wilson et al. Observational: 15 inside public PM; 5 None Inside non-hospitality 11 pg/m?
2011, New buildings, 15 inside transportation settings (n=30):
Zealand settings, and 22 various outdoor range, 2—13 pg/m®.

street/park settings. Also in this
study: 20 outdoor smoking areas of
hospitality venues, 13 inside bars
adjacent to outdoor smoking areas,
10 pubs/sports bars, 18 bars,

9 restaurants, and 5 cafés

Non-hospitality
outdoor settings:
range, 2-11 pg/m?

cig, cigarettes.
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in saliva and NNAL in urine samples from
non-smokers before and after being at an out-
side bar or restaurant or at a control site (St.
Helen et al. 2012). Cotinine in samples col-
lected both immediately after and the morning
after 3-hr visits to the outside bar and restau-
rant sites were significantly higher than in the
control samples, and NNAL was significantly
higher in first morning urine samples after bar
and restaurant site visits. Another study used
airborne nicotine to assess SHS exposure; the
mean 8-hr concentrations ranged from 0.013
to 3.1 pg/m? (higher than the mean 8-hr back-
ground concentrations of 0.009-0.12 pg/m?)
(CARB 2005).

Factors influencing outdoor SHS levels.
Atmospheric conditions, including wind direc-
tion, wind speed, and atmospheric stability,
can modify outdoor SHS levels. Other factors
are the density and distribution of the smok-
ers and the structure of the outdoor location
(completely open or semi-open). All of the
studies that evaluated possible modifiers of
SHS concentrations reported that the den-
sity of smokers and/or number of lit cigarettes
predicted outdoor SHS (Brennan et al. 2010;
Cameron et al. 2010; CARB 2005; Edwards
and Wilson 2011; Kaufman et al. 2010b;

Hospitality venues

Klepeis et al. 2007; Lépez et al. 2012; Parry
etal. 2011; Repace 2005; St.Helen et al. 2011,
2012; Stafford et al. 2010; Sureda et al. 2012).
Most of these studies also found the degree
of enclosure of the outdoor area as a determi-
nant factor (Brennan et al. 2010; Cameron
et al. 2010; Lépez et al. 2012; Parry et al.
2011; Stafford et al. 2010; Sureda et al. 2012;
Travers et al. 2007). For example, Cameron
et al. (2010) reported that PM, 5 increased
by approximately 30% with each additional
active smoker within 1 m of the point of mea-
surement, and by 50% if measured under an
overhead cover.

Some studies on wind conditions (speed
and direction) and proximity to smokers
found that these were not associated with SHS
levels (Kaufman et al. 2010b; Travers et al.
2007). However, the CARB study (2005) and
two experimental studies (Klepeis et al. 2007;
Repace 2005) in public outdoor locations that
controlled smoking activity at precise distances
from monitored positions reported that out-
door SHS levels were highly dependent on
wind direction and source proximity. Klepeis
et al. (2007) demonstrated that upwind
PM, 5 concentrations are likely to be very low,
whereas downwind levels during periods of

Presence of smokers n
Travers et al. 2007 20 L]
Wilson et al. 2007 6 L
Klepeis et al. 2007 10
Brennan et al. 2010 38 A
Cameron et al. 2010 69 .
Stafford et al. 2010 28 [ ]
Wilson et al. 2011 20 =]
Edwards and Wilson 2011 6 =
St.Helen et al. 2011 5 =
Lopez et al. 2012 74 .
Without smokers
Wilson et al. 2007 34 ]
Cameron et al. 2010 69 .
Stafford et al. 2010 2 | @
Other venues
Presence of smokers
Boffi et al. 2006 1 =
Klepeis et al. 2007 10
Kaufman et al. 2010b 28 [ ]
Sureda et al. 2012 47 .
Without smokers
Boffi et al. 2006 1 L]
Wilson et al. 2007 16 ] ® Median
Kaufman et al. 2010b 28 [ ] B Arithmetic mean
Wilson et al. 2011 22 u A Geometric mean
T T T 1
0 25 50 75 100

Concentration (pg/m3)

Figure 2. Outdoor PM, 5 concentrations reported for hospitality venues and other settings according to
the presence or absence of smokers. Klepleis et al. (2007) included hospitality and non-hospitality venues
without distinguishing the mean value between them, and hence it has been included both in “hospitality
venues” and “other venues.” Wilson et al. (2011) and Edwards and Wilson (2011) provided the individual
values for each measurement, and we have computed the arithmetic mean for the figure. Brennan et al.
(2010) and Lopez et al. (2012) provided mean and median values, respectively, for venues before and after
a smoking ban. We have computed the average values for each study to include them in the figure.
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active smoking can be very high. They also
reported that PM, 5 levels decreased by half
or more as the distance from a lit cigarette
increased from 0.25-0.5 m to 1-2 m, and
that levels were generally close to background.
However, Repace (2005) reported that out-
door PM3 5 and PAH concentrations did not
approach background levels until about 7 m.

Outdoor smoking areas and indoor air
quality. PM, 5 concentrations in indoor set-
tings where smoking was banned but near
outdoor smoking areas varied from 4 pg/m?
(Kaufman et al. 2010b) to 120.51 pg/m3
(Lépez et al. 2012); both studies were carried
out in hospitality venues. Indoor PM, 5 levels
far away from outdoor tobacco sources were
lower (Sureda et al. 2012; Wilson et al. 2011).

Two studies specifically examined SHS in
main entrances of public buildings. Kaufman
et al. (2010b) simultaneously measured
PM, 5 concentrations inside and outside of
28 office building entrances. Outdoor SHS
levels within 9 m of building entrances were
significantly higher in the presence of smoking
(11 pg/m? with 1-4 cigarettes, and 16 pg/m’
with > 5 cigarettes) compared to occasions
when there was no smoking (8 pg/m?). PM, 5
median indoor concentrations ranged from
4 to 6 pg/m3. Sureda et al. (2012) showed
higher median PM, 5 concentrations in the
presence of smoking, both outdoors near main
entrances (17.16 pg/m?) and in indoor halls
near outdoor smoking areas (18.20 pg/m?3),
compared with those in control locations
without smoking, both indoors (10.40 pg/m?)
and outdoors (13.00 pg/m?).

Several articles reported positive associations
between SHS levels (PM, 5 concentrations)
measured indoors and outdoors (Brennan et al.
2010; Edwards and Wilson 2011; Kaufman
et al. 2010b; Lépez et al. 2012; Sureda et al.
2012; Wilson et al. 2011). Indoor SHS levels
are higher when smoking occurs in the adja-
cent outdoor setting, especially when the out-
door area is semi-enclosed. For example, Sureda
et al. (2012) showed that PM, 5 concentrations
in indoor halls were more closely correlated
with outdoor concentrations measured near
main entrances (outdoors) than with the indoor
control (a nonsmoking area far from the main
entrance). Brennan et al. (2010) estimated that
a 100% increase in the geometric mean of the
outdoor PM, 5 concentration was associated
with a 36.1% rise in the geometric mean of the
indoor PM, 5 concentration in smoke-free pubs
and bars.

Factors influencing indoor SHS from out-
door areas. Factors such as wind speed and
direction that modify outdoor SHS levels also
may influence indoor air quality. The effects of
structural barriers between outdoor smoking
areas and indoor locations were also considered
in some articles (Brennan et al. 2010; Edwards
and Wilson 2011). Brennan et al. (2010)
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observed that open access between indoors
and outdoors was associated with lower PM, 5
levels indoors. However, an Australian study
(Edwards and Wilson 2011) showed higher
indoor PM; 5 concentrations when doors to
outdoor smoking areas were left open.

Smoking bans and SHS exposures. One
study evaluated the impact of laws prohibit-
ing indoor smoking (Brennan et al. 2010) by
measuring PM, 5 concentrations before and
after indoor smoking bans were implemented
in pubs and bars that had at least one indoor
area with an adjacent semi-enclosed outdoor
eating/drinking area, and showed reduced
PM, 5 concentrations both indoors and out-
doors (65.5% and 38.8%, respectively) from
pre-ban to post-ban. Two other studies eval-
uated indoor and outdoor SHS in different
settings after the implementation of indoor
smoking bans (Wilson et al. 2007, 2011).
Both reported higher concentrations of fine
particulates in outdoor smoking areas, espe-
cially those that were partly enclosed, as well as
indoor areas adjacent to outdoor smoking areas
compared to other smoke-free indoor settings.
Finally, a multicenter study carried out in hos-
pitality venues of eight European countries
compared SHS concentrations between venues
where indoor smoking was allowed and venues
where it was banned (L6pez et al. 2012). The
authors reported that median indoor PM; 5
and airborne nicotine concentrations were sig-
nificantly higher in venues where smoking was
allowed than in those where it was banned.
Conversely, the outdoor nicotine concentra-
tion was significantly higher for venues where
indoor smoking was banned than outdoor
areas of venues where indoor smoking was
allowed (Lpez et al. 2012).

Tobacco smoke levels compared to back-
ground levels. Maximum mean or median
outdoor PM; 5 concentrations ranged
from 128 pg/m>® (Sureda et al. 2012)
to 496 pg/m? (Kaufman et al. 2010b),
with some point measurements exceeding
1,000 }1g/rn3 (Klepeis et al. 2007; Travers
et al. 2007). The maximum peak indoor
PM, 5 concentration reported for a smoke-
free setting was 239 pg/m?® (Wilson et al.
2011). In contrast, mean or median back-
ground PM, 5 concentrations varied from
6 pg/m? (Travers et al. 2007) to 20.4 pg/m?
(St.Helen et al. 2011).

SHS markers other than PM, 5. Three
studies evaluated different SHS markers to
determine which would be most appropri-
ate to describe SHS levels in outdoor areas.
Sureda et al. (2012) reported a Spearman cor-
relation coefficient between outdoor PM, 5
and airborne nicotine concentrations of 0.365
(95% CI: 0.009, 0.650). Hall et al. (2009)
reported that the number of smokers pres-
ent had a strong positive association with
outdoor PM, 5 concentrations but not CO
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concentrations. Moreover, CO levels mea-
sured outside restaurants and bars did not
differ significantly from concentrations mea-
sured at a control location, in contrast with
findings for PM, 5 concentrations. Other
studies used biological markers such as coti-
nine or NNAL to show SHS exposure (Hall
et al. 2009; St.Helen et al. 2012).

Discussion

We found only 18 studies that met our cri-
teria, but these indicated that SHS levels in
some outdoor smoking areas are not negligi-
ble, especially in areas that are semi-enclosed.

SHS levels and air quality standards.
In general, SHS levels measured in out-
door smoking areas were high, particularly
in hospitality venues where PM, 5 concen-
trations ranged from 8.32 pg/m? (Stafford
et al. 2010) to 182 pg/m? (Hall et al. 2009)
when smokers were present. SHS levels were
also increased in indoor areas adjacent to out-
door smoking areas. Hall et al. (2009) and
St.Helen et al. (2012) reported that saliva
cotinine concentrations were higher in study
participants following exposure to SHS at
outdoor bars and restaurants when smoking
was allowed than after exposure to smoke-
free terraces. These results suggest that hos-
pitality workers and patrons may be exposed
to high SHS levels under certain conditions.
Although outdoor SHS levels are more tran-
sient than indoor levels, and can quickly drop
to background levels in the absence of active
smoking, potential health effects of these
exposures merit consideration and need to be
further studied.

According to the WHO, there is no
safe level of SHS (WHO 2000). The WHO
guidelines indicate that the lower range of
concentrations at which adverse health effects
have been demonstrated is not greatly above
background concentrations (estimated at
3-5 pg/m? in the United States and Western
Europe for PM; 5). In the updated WHO Air
Quality Guidelines, an annual outdoor aver-
age value of 10 pg/m? for PM, 5 was selected
as the lower end of the range over which sig-
nificant effects on survival have been observed
(Gorini et al. 2005; WHO 2000, 2005).
These are the lowest levels at which total,
cardiopulmonary, and lung cancer mortality
have been shown to increase with more than
95% confidence in response to PM, 5. Most
of the reviewed studies of PM, 5 concentra-
tions in outdoor smoking areas reported levels
higher than the annual mean guideline value
of 10 pg/m? recommended by WHO

Influences of outdoor SHS on indoor air
qualizy. Indoor smoke-free areas near out-
door smoking areas showed higher levels than
smoke-free indoor areas that were farther
away from outdoor SHS sources, suggest-
ing that SHS from outdoor smoking areas
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can enter adjacent buildings. Some findings
also suggested that although outdoor SHS
concentrations dropped immediately to back-
ground levels when the SHS sources were
extinguished, indoor SHS concentrations
persisted at relatively high levels and slowly
decayed over several hours until doors were
opened to ventilate the building (Klepeis
et al. 2007). SHS levels in outdoor locations
are more susceptible to variation due to the
proximity of active smoking and wind condi-
tions. During periods of active smoking, out-
door SHS levels can be comparable to levels
in indoor smoking areas, but outdoor levels
dropped rapidly after smoking activity ceased.

Other factors influence SHS levels. Some
factors can influence SHS levels both indoors
and outdoors (Brennan et al. 2010; Cameron
et al. 2010; Edwards and Wilson 2011;
Kaufman et al. 2010b; Klepeis et al. 2007;
Lépez et al. 2012; Repace 2005; St.Helen
et al. 2011, 2012; Stafford et al. 2010; Sureda
et al. 2012). Smoker density and enclosure of
the outdoor locations are determinant modifi-
ers. Some studies also suggest that wind speed
and direction, as well as proximity to smok-
ers, are associated with SHS levels outdoors.

SHS airborne markers other than PM, s.
Particulate matter was the most common air-
borne marker used in the presently reviewed
articles. However, PM, 5 is not a specific
marker; markers such as airborne nicotine are
specific to SHS (Gorini et al. 2005; Ott et al.
2006). Biological markers have been scantily
used. However, cotinine has been proposed as
a very sensitive and specific biological marker
of SHS exposure (Benowitz 1999), and total
NNAL has been used to characterize human
exposure to carcinogenic tobacco-specific
nitrosamines among nonsmokers exposed to
SHS (Anderson et al. 2001). Further research
is necessary to evaluate which SHS marker
would be most appropriate to measure SHS
levels in outdoors settings and whether it
would be necessary to combine more than
one marker.

Limitations. Some of the reviewed studies
did not control for important factors that can
influence SHS levels, such as wind conditions,
the structural characteristics of outdoor area
(semi-enclosed vs. totally open), or proxim-
ity to active smokers. Future studies should
control for these factors to enable a better
understanding of the results. Additionally,
some studies used PM, 5 concentrations to
estimate SHS levels in outdoor areas, but did
not control for other sources of PM, s, such as
cooking or traffic-related air pollution (Gorini
et al. 2005). Further studies should record the
presence of other sources of combustion, such
as cooking facilities, proximity to roadways,
or traffic density; measure and report back-
ground levels of PM, s; and/or use specific
SHS markers such as airborne nicotine.
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Publication bias is a potential source of
error in systematic reviews. We searched the
available literature in PubMed, the main bio-
medical database, and Google Scholar and
checked references to identify documents not
published in academic journals. However,
we cannot rule out the possibility that some
unpublished manuscripts or other documents
addressing the topic of interest may have been
missed. Direct comparisons of results among
studies were hampered by the use of differ-
ent statistics (medians, means, or geometric
means) and sampling strategies; the use of
standardized methods could strengthen the
validity of results and facilitate comparisons
among different populations and locations.
Furthermore, the number of venues mea-
sured in each study was limited. Future stud-
ies should consider including representative
samples of locations selected using standard
statistical sampling procedures and sample
size computations.

Strengths. The reviewed studies included
a variety of venue types (e.g., entrances to
public buildings, hospitality venues, transpor-
tation settings) and characteristics. Most of
the reviewed studies were observational, and
thus provide information that reflects smok-
ing behaviors and exposures under normal
real-life conditions. However, experimental
studies provide the opportunity to control for
unpredictable variables, such as the proxim-
ity of smokers or wind conditions. The use of
real-time monitoring permits determination of
the precise magnitude of extremely transient
(short-term) concentrations and exposures,
while retaining the flexibility of exploring con-
centrations and exposure across a variety of
averaging times and time series and calculating
mean concentrations and exposures (Klepeis
etal. 2007).

Conclusion

Only limited evidence is available regarding
SHS exposure in outdoor settings as deter-
mined by environmental and biological mark-
ers; therefore, the existing evidence must be
interpreted carefully. However, our review
clearly indicates the potential for high SHS
exposures at some outdoor settings and indoor
locations adjacent to outdoor smoking areas.
This review shows that high smoker density,
highly enclosed outdoor areas, low wind con-
ditions, and close proximity to smokers gen-
erate higher outdoor SHS concentrations.
Accounting for these factors is important for
future studies on the relationship between
outdoor SHS exposure and health outcomes.
The WHO Framework Convention on
Tobacco Control has concluded that 100%
smoke-free environments are required to
adequately protect the public’s health from
the harmful effects of SHS (WHO 2003).
The present review indicates that further
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research using standardized methodology is
needed to better characterize outdoor SHS
exposure levels and determine whether
smoke-free legislation should be extended to
outdoor areas.

Future studies should include repre-
sentative samples of different locations; use
standardized statistical analyses and report
multiple measures of central tendency and
measures of variability (standard errors, con-
fidence intervals, or quartiles); and consider
potential modifiers of SHS levels including
smoker density, degree of enclosurement of
outdoor locations, wind speed and direc-
tion, and proximity to smokers. Finally,
further research is needed to determine the
most appropriate marker or combination of
markers to assess SHS exposure, which may
include more specific environmental and
individual markers of exposure (e.g., airborne
nicotine and cotinine in saliva) in addition to
PM,; 5 concentration.
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ABBREVIATIONS

SHS: Secondhand smoke

PM: Particulate Matter



ABSTRACT

Objective: To describe where smokers smoke outdoors, where no-smokers are exposed
outdoors to SHS, and attitudes toward smoke-free otdoor areas after the implementation of

national smoke-free legislation.

Design: This cross-sectional study. The survey was conduad between June 2011 and March

2012 (n=1,307 participants).
Setting: Barcelona, Spain
Participants: Representative, random sample of the adult£16 years) population

Primary and secondary outcome:Proportion of smoking and prevalence of exposured SHS
in the various settings according to type of enclosre. Percentages of support for outdoor

smoke-free policies according to smoking status.

Results Smokers reported smoking most in bars and restaurats (54.8%) followed by outdoor
places at work (46.8%). According to non-smokers, otdoor SHS exposure was highest at home
(42.5%) and in bars and restaurants (33.5%). Amongon-smoking adult students, 90% claimed
exposure to SHS on university campuses. There was geat support for banning smoking in the
majority of outdoor areas, which was stronger amongon-smokers than smokers. Over 70% of
participants supported smoke-free playgrounds, schol and high school courtyards, and the

grounds of healthcare centers.

Conclusion Extending smoking bans to selected outdoor setting should be considered in
further tobacco control interventions to protect na-smokers from SHS exposure and to
establish a positive model for youth. The majorityf public support for some outdoor smoke-

free areas suggests that it is feasible to extend moking bans to additional outdoor settings.



STRENGTHS AND LIMITATIONS OF THE STUDY

This study is the first to describe together tobaco consumption, SHS smoke exposure, and
attitudes towards smoke-free policies in a number 6 outdoor settings, thus providing an overall

picture of these related aspects of tobacco contral
This study included representative, random sample©f the population of Barcelona (Spain).

This study included information obtained after thamplementation of Spanish comprehensive
smoke-free legislation (Law 42/2010). It would havéeen of great interest to have data before
that law, and also before and after previous legisdtion (Law 28/2010) to evaluate possible

changes.



INTRODUCTION

Smoke-free policies have been demonstrated to be areffective way to protect people from the
adverse effects of secondhand smoke (SHS) exposurel, 2]. Such policies have been
successfully implemented in indoor public places ad workplaces in several countries during the
last decade, in accordance with Article 8 of the Famework Convention on Tobacco Control as
recommended by the World Health Organization[3]. Rported impacts of these smoke-free laws
after their implementation include reductions in SH exposure by 80-90% in high-exposure
settings[4], reductions in respiratory symptoms[S]an immediate decrease in the incidence of
heart attacks[6], an increase in the number of smokrs who want to quit[7], the encouragement
of smoke-free homes[8], and even a neutral or posive effect on business in the hospitality

sector and elsewhere[9].

However, smoke-free policies in indoor work placesand public places may motivate smokers to
relocate to outdoor settings[10, 11]. In recent yess, several countries have extended smoke-free
legislation to various outdoor settings, includinghealthcare centers, children’s playgrounds,
beaches, dining areas, sporting venues, public builing entrances, transport settings, partly

enclosed streets, and university campuses[10, 12, B].

These policies are becoming popular and socially acepted, with public support increasing over
time[14], but they are not free of criticism[15-17] Those who oppose outdoor smoke-free
legislation claim that it is ethically unsustainabd because it does not respect the principle of
freedom and autonomy of individuals, and that therds insufficient evidence that SHS in these
environments impacts health[15, 16]. Supporters ofthese policies argue that outdoor smoking
bans reduce the visibility of smoking, that they ar associated with denormalization of smoking,
that they establish a positive smoke-free model foryouth, and that they reduce smoking
opportunities and SHS exposure. Furthermore, smokig bans may be accompanied by

environmental benefits such as reducing fire risk ad pollution from butts[14, 16-21].

On January 2, 2011, Spain implemented a new smokeife law (Law 42/2010), the first time in
Europe [22] that smoking was prohibited in some oudoor areas, including hospital premises,
school and high school courtyards, and children’s paygrounds [23]. In this context, the

objectives of the present study were to describe: ] the outdoor settings in which smokers



smoke, 2) the outdoor settings in which non-smokersare exposed to SHS, and 3) the attitudes

toward smoke-free outdoor policies after implementdon of Law 42/2010.

METHODS
Study design and selection of study participants

This cross-sectional study included a representatig, random sample of the adult £16 years)

population of Barcelona, Spain. The survey was condcted between June 2011 and March 2012,
after implementation of national, comprehensive smke-free legislation (on January 2, 2011). A
detailed description of the methods has been providd elsewhere[24]. In brief, we determined a
sample size of 1,560 people with standard procedure ( error of 5%, error of 20%, and 20%
losses for independent samples); our final sample ncluded 1,307 individuals. Sample size
calculations were performed with GRANMO MS Windows 5.2

(http://www.imim.es/media/upload/ arxius/grmw52.zip

We obtained data and addresses for Barcelona residets from the updated official city census
(year 2010) provided by the Municipal Institute ofStatistics of Barcelona. Individuals aged 16
years and older were eligible to participate in thi study. A letter was mailed to eligible
individuals to describe the purpose of the study ad to inform them that they had been selected
at random. The letter also indicated that the studyrequired a visit from an interviewer that
would administer the questionnaire and collect a shva sample. The individuals were informed
that they were free to decline participation, and lfat they could access more information about
the study on a website, by telephone, or by emailrontact information was provided in the letter.
Participants that could not be located after severh attempts (at different times of day and
different days of the week) and those that declinedto participate in the study were replaced at
random. Replacements were chosen from eligible indiiduals of the same sex, within a 5-year
age group, and within the same district of residene. Substitutions accounted for 54.6% of the

survey respondents.

Individuals that agreed to participate were intervdawed at home by trained interviewers.
Participants were asked to sign an informed consentform before proceeding with the face-to-
face, computer-assisted interview. The questionnai included information on
sociodemographics, tobacco consumption, self-assessd exposure to SHS in various settings (at
home, work/educational venues, during leisure timeand in public and private transportation),

and attitudes toward smoking restrictions. After cmpleting the questionnaire, respondents were
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asked to provide a sample of saliva for cotinine aalysis, and weight and height were measured.
The Research and Ethics Committee of Bellvitge Uniersity Hospital approved the study

protocols and the informed consent forms.

Smokers’ tobacco consumption in outdoor settings
Smokers were defined as individuals that, at the tne of the interview, reported that they smoke
at least one cigarette per day (daily smokers), tha they smoke occasionally (occasional

smokers), or that had a salivary cotinine concentron >10 ng/mL[25].

Tobacco consumption outdoors was determined with th same questions for home, work,
bars/restaurants, and discotheques/pubs. The questin was, “How many cigarettes (per day) do
you normally smoke at (home/work/bars and restaurats/discotheques/pubs)?” Based on this
question, we established four categories of tobaccoconsumption: (1) no consumption, which
included subjects who reported smoking cigarettes aither indoors nor outdoors; (2) tobacco
consumption only indoors, which included individua who reported smoking one or more
cigarettes indoors only; (3) tobacco consumption oly outdoors, which included individuals
who reported smoking one or more cigarettes outdoa only; and (4) tobacco consumption both
indoors and outdoors, which included individuals wh reported smoking one or more cigarettes

both indoors and outdoors.

Non-smoker SHS exposure in outdoor settings
Non-smokers were defined as individuals that, at th time of the interview, reported that they
did not smoke and had a salivary cotinine concentrion <10 ng/mL[25]. This group included

individuals that had never smoked as well as formesmokers.

Exposure to SHS was evaluated with different questins depending on the setting studied. We
determined exposure at home, at work, at educationvenues (including the following places: in
the classroom, in the corridor or hall, in the baror cafeteria, in the study room, in the
photocopying room, in the main building entrances ¢utdoors), and in other outdoor locations on
campus), during leisure time (including bars, restarants, discotheques, and pubs), on public
transportation (including subway or tram, subway ortram station, train, train station, bus, and
bus station). Based on the responses regarding SHSexposure in those settings, we established
four categories of SHS exposure for each setting: {) non-exposed individuals, which included
individuals with no exposure according to their anwers; (2) individuals exposed only indoors,
which included individuals who declared that they wre only exposed in some of the indoor
places; (3) individuals exposed only outdoors, whib included individuals who reported that

they were only exposed in some of the outdoor place; and (4) individuals exposed both indoors
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and outdoors, which included individuals who repoed exposure in any of the indoor and

outdoor places.

Public support for outdoor smoke-free policies

We included information about public support for otdoor smoke-free policies from smokers
and non-smokers. Public support for outdoor smokeifee policies was determined using the
question, “To what extent do you agree or disagreewith the prohibition of smoking in the
following outdoor settings?” Five responses were pssible (totally agree, agree, neither agree
nor disagree, disagree, totally disagree). We recoded information about outdoor locations in
schools/high schools, university campuses, healthcee centers, public transportation,
playgrounds, shopping centers, sport centers, and wimming pools and beaches. For the
analysis, we derived a variable for each setting wth three categories: (1) “Agree,” which
included individuals who reported total agreement o agreement with implementing outdoor
smoke-free legislation; (2) “Neither agree nor disgree,” which included subjects who described
themselves as neither in favor nor against the probbition of smoking outdoors; and (3)
“Disagree,” which included individuals who disagred or totally disagreed with implementing

outdoor smoke-free legislation.

Statistical analysis

For smokers, we computed the proportion of smokingn the various settings according to type
of enclosure. For non-smokers, we computed the prealence of exposure to SHS in various
settings and according to the type of enclosure. Wealso computed percentages of support for
outdoor smoke-free policies according to smoking sttus. Analyses were stratified by sex, age
(16-44, 45-64, and >65 years), and educational level (less than primaryand primary school,

secondary school, and university). Statistical anafses were performed with SPSS v17.0.

RESULTS

A total of 1,307 participants were interviewed (615males and 692 females); 947 participants
were self-reported non-smokers (409 males and 538 dmales) and 360 were self-reported
smokers (206 males and 154 females). Of the non-smkers, 19 had cotinine concentrations
consistent with active smoking (>10 ng/mL) and thuswere classified as smokers [25]. Of self-
reported non-smokers, 48 did not provide a saliva ample and in 2 cases the cotinine analysis

was not possible (i.e., insufficient sample), andlius these cases were considered missing data.

Table 1 shows the proportion of smokers who reportd smoking outdoors in various settings.
Nearly 18% of smokers reported that they smoked ahome in outdoor areas alone, while 18.1%

smoked both indoors and outdoors. Forty-six percentof smokers said that they only smoked



outdoors while at work. Smoking participants smokedoutdoors most often in bars and

restaurants (54.8%) and outdoors in discotheques ad pubs (34.6%).

Table 1. Distribution of 379 smokers (2 16 years) according to where they smoke and type of

enclosure. Barcelona, 2011-2012.

No Only Only Both indoors
consumption | indoors outdoors and outdoors
n (%) n (%) n (%) n (%)

Home (n=360) 58 (16.1) 173 (48.1) | 64 (17.8) 65 (18.1)

Work (n=250) 122 (48.8) 11 (4.4) 115 (46.0) | 2(0.8)

Bars and 134 (39.6) 19 (5.6) 174 (51.5) 11 (3.3)

restaurants (n=338)

Discotheques and 109 (63.0) 4 (2.3) 57 (32.9) 3(1.7)

pubs (n=173)

At home, 42.5% of non-smokers reported SHS exposurenly outdoors (18.8%) or both indoors
and outdoors (23.7%). At work, SHS exposure in outdor settings was self-reported by 15% of
non-smokers; 83.7% of non-smokers claimed that theywere not exposed to SHS in any setting
during work. Most adult students interviewed were gposed to SHS in education venues
outdoors only (70.2%) or both indoors and outdoors(20.2%). Non-smokers were exposed to

SHS outdoors in bars and restaurants (33.5%) and otdoors in discotheques and pubs (14.4%).

The rate of self-reported exposure outdoors on pubk transportation was 2.8% (Table 2).

Table 2. SHS exposure among 878 non-smokers (> 16 years) according to the setting of

exposure and the type of enclosure. Barcelona 2011-2012.

Not exposed Only indoors Only outdoors | Both indoors and
outdoors
n (%) n (%) n (%) n (%)
Home (n=876) 444 (50.7) 59 (6.7) 165 (18.8) 208 (23.7)
Work (n=489) 386 (83.7) 6(1.3) 69 (15.0) -
Education venues (n=134) | 12 (9.7) - 87 (70.2) 25(20.2)
Bars and restaurants (713) | 458 (64.2) 16 (2.2) 234 (32.8) 5(0.7)
Discotheques and pubs 250 (84.2) 4(1.3) 39 (13.1) 4 (1.3)
(n=297)
Public transport (n=724) 644 (96.3) 6 (0.9) 2(0.3) 17 (2.5)
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Table 3 contains the percentages of support of themoking ban in various outdoor settings after
implementation of the new Spanish smoke-free legidtion. Overall, 80.8% of participants
supported smoke-free playgrounds, 71.8% grounds ohealthcare centers, 70.5% school and high
school courtyards, 56.1% public transportation outdors, 53.5% sport centers outdoors, 52.7%
university campuses, 43.0% open swimming pools andbeaches, and 38.4% outdoor areas in
shopping centers. The respective proportions of nomsmokers who supported outdoor smoking
bans were higher than these overall figures, but th respective proportions of agreement among
smokers were 15-30 percentage points lower (Table }; these differences were statistically
significant (p<0.05). Similar patterns were observd for men and women in terms of the
agreement on outdoor smoke-free policies. Participats aged 65 years and older were more
supportive of the prohibition of smoking in outdoossettings than people aged 16-44 years and

people aged 45-65 years. There was no clear, specif pattern according to educational level.

Table 3. Agreement with the smoking ban in various outdoor settings (n=1,307 participants)
according to smoking status, sex, age, and educational level. Barcelona 2011-2012.
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School/high University Healthcare Public Playgrounds Shopping centers Sport centers swimming
school centers transportation pool/beach
n (%) p-value | n (%) p-value | n (%) p-value | n (%) p-value | n (%) p-value | n (%) p-value | n (%) p-value | n (%) p-value
All 1302 1300 1301 1305 1301 1298 1289 1296
(70.5) (52.7) (71.8) (56.1) (80.8) (38.4) (53.5) (43.0)
Smoking status
Smokers 378 377 378 378 375 378 375 378
(56.6) (34.7) (57.9) (39.4) (69.9) (20.6) (32.0) (21.4)
Non-smokers | 874 <0.001 874 <0.001 873 <0.001 877 <0.001 876 <0.001 870 <0.001 866 <0.001 868 <0.001
(76.1) (60.2) (77.8) (63.3) (84.9) (45.5) (62.4) (51.6)
Sex
Men 612 614 613 613 613 613 614 614
(70.1) (52.8) (71.8) (56.6) (80.9) (40.1) (54.6) (41.2)
Women 690 0.761 686 0.958 688 0.992 692 0.724 688 0.911 685 0.216 675 0.479 682 0.221
(70.9) (52.6) (71.8) (55.6) (80.7) (36.8) (52.6) (44.6)
Age in years
16-44 595 594 596 595 594 595 593 593
(70.9) (49.5) (73.8) (55.8) (83.5) (36.5 (53.0) (39.8)
45-65 388 386 385 390 389 388 384 389
(66.5) (49.2) (65.5) (54.1) (77.4) (34.5) (49.7) (41.4)
>65 319 0.060 320 0.001 320 0.004 320 0.408 318 0.052 315 0.002 312 0.039 314 0.004
(74.6) (62.8) (75.6) (59.1) (79.9) (46.7) (59.3) (51.0)
Educational
level
Less than 348 349 347 349 348 347 345 344
secondary (74.1) (65.0) (75.5) (57.9) (82.8) (47.0) (56.5) (49.7)
Secondary 521 519 522 522 518 520 516 520
(66.6) (48.4) (72.4) (54.6) (77.4) (34.4) (49.4) (40.2)
University 431 0.037 430 <0.001 430 0.059 432 0.621 433 0.045 429 <0.001 426 0.058 430 0.013
(72.2) (47.9) (67.9) (56.5) (83.1) (35.9) (55.9) (40.9)
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DISCUSSION

This is the first study to evaluate where smokers moke outdoors, where non-smokers receive
outdoor exposure to SHS, and attitudes toward smokefree outdoor areas after the
implementation of national, comprehensive smoke-fre legislation, thus providing an overall

picture of these related aspects of tobacco contral

Where smokers smoke and where non-smokers are exposd to SHS outdoors

Our results reveal that both consumption and selfeported SHS exposure were very low, if not
absent, in all settings regulated by national, compehensive smoke-free legislation. However,
non-smokers reported SHS exposure in most outdoor ettings in which smokers reported
smoking. These results are population-level confirmtion of the relocation described inin situ

early observational studies[10, 11] after implememttion of smoke-free policies affecting indoor

public places and workplaces.

In the present investigation, more smokers (49.2% yeported smoking in the outdoor areas of
bars and restaurants after the smoke-free legislatn took effect. Accordingly, 33.5% of the non-
smokers interviewed reported SHS exposure in thosesettings. In Spain, bars and restaurants
were exempted from the smoking ban before Law 42/200, and people could smoke indoors in
some venues; the current smoke-free law prohibits moking in those places with no exceptions.
In a country like Spain, which has a popular cultug of socialization, it is understandable that
smokers relocated to the outdoor areas of bars andrestaurants. A recent study of the impact of
the Spanish smoke-free law demonstrated that the pesence of outdoor smoking may be
reducing the effectiveness of the indoor smoking ba at protecting hospitality workers and
patrons from SHS exposure[26]. A previous investigion of outdoor smoking behavior before
and after implementation of France’s national smokefree law suggested that smokers relocated
to outdoor environments based on an increase in reprted smoking at hospitality venues,

including both restaurants and cafés/pubs/bars[27].

In the present study, self-reported exposure in oudoor areas at home constituted ~40% of
positive responses. Moreover, 84% of smokers reportd smoking at home, and 35.9% of them
smoked in outdoor areas. Although recent studies ofthe effects of stepped smoke-free
legislation (Laws 28/2005 and 42/2010) in Spain oberved significant relative reductions
(15.1%[24] and 43.1%[28]) in self-reported SHS expsure in the home, it is important to
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consider the results of the present investigation @ focus new strategies on increasing the

percentage of smoke-free homes.

Among non-smoking adult students, 90% reported SHSexposure on university campuses,
higher than the 79.5% reported in a previous studyof staff and students in an Australian
University[29]. In the same study, respondents supprted a smoke-free policy on campus, and
65.7% of respondents felt that the campus should becompletely smoke-free. Another
investigation of university students in Beirut, Lebnon indicated that after establishing a smoke-
free campus, most students were satisfied with theextension of the ban, and some smokers
reduced smoking or declared that the ban could helpthem to quit[30]. In our study, 52.7% of
respondents favored smoke-free university campuses.Together with the high percentage of
respondents exposed in this setting and the resultsof other studies, our investigation suggests

the need to consider making university campuses smke-free.

Attitudes toward outdoor smoke-free legislation

Our findings suggest that there is great support fo outdoor smoke-free areas, support that is
stronger among non-smokers than smokers. The highetssupport was for areas in which children
are present (playgrounds and school/high school cortyards) and the grounds of healthcare
centers. Moreover, more than half of respondents spported smoke-free outdoor areas for public
transportation (bus stops, stations), sport centers and university campuses. Less support was
observed for smoke-free outdoor areas in shopping enters and swimming pools/beaches. A
review of public attitudes toward smoke-free outdop areas also found a majority support for
restricting smoking in a variety of outdoor placeghat in general was higher for places in which
children were present, ranging from 72% in a surveyin Minnesota (USA) in 1998 to 91% in
California (USA) and British surveys conducted in @02 and 2007, respectively[14]. A study
conducted in Italy revealed that 64.6% of Italiansupported smoke-free policies in public parks,
68.5% in sports stadiums, 62.1% in beaches, 79.9%1 outdoor areas surrounding hospitals, and
85.9% (the strongest support) in school courtyardsj1]. In California[32], a survey conducted in
2002 uncovered 91% support for smoke-free policiefor children’s play yards, 63% for outside
buildings entrances and outdoor restaurant dining ptios, 40% for outdoor bars/clubs, and 52%
for outdoor public places including parks, beachesand sport stadiums. This support increased

in the survey conducted in California in 2005[33].
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When we evaluated our results according to smokingstatus, we observed that non-smokers
reported stronger support for smoke-free outdoor azas than smokers. These differences were
consistently observed for all outdoor settings conslered. The largest gaps between smokers and
non-smokers occurred in support for sport centers 32.0% for smokers vs. 62.4% for non-
smokers) and swimming pools/beaches (21.4% for smoé&rs vs. 51.6% for non-smokers). The
smallest gap was associated with support for smokefree outdoor areas in public parks (69.9%
for smokers vs. 84.9% for non-smokers) followed bychool/high school courtyards (56.6% for
smokers vs. 76.1% for non-smokers) and the groundof healthcare centers (57.9% for smokers
vs. 77.8% for non-smokers). Stronger support amongon-smokers than smokers for restricting
smoking in outdoor areas is consistent across counties[ 14, 31]. However, more than half of the
smokers interviewed here supported the restrictionof smoking in outdoor areas where children
are present (public park and school/high school cortyards) and the grounds of healthcare
centers, as also reported in Italy[31] and New Zeand[31, 34].

Policy and research implications

Outdoor smoke-free areas are not as common as indoo smoke-free areas. However, our study
indicates that non-smokers reported SHS exposure irsome outdoor settings, including outdoor
areas at home, at education venues, and during leisre time. A review of 18 studies of SHS
levels in outdoor areas reported mean PM2.5 concentitions ranging from 8.32 pg/m to 124

ug/m’ at hospitality venues and from 4.60 pug/mito 17.80 ug/nt in non-hospitality venues when
smokers were present[35]. Although there is some cotroversy about the adverse health effects
of SHS exposure in outdoor settings, several recenstudies have reported evidence of the effects
of short-term exposure to tobacco smoke, such as ey irritation and respiratory irritation in non-

smokers[36, 37] and even adverse effects on the catiovascular system[38].

The high percentage of non-smokers in the currentnvestigation who reported SHS exposure at
home and the percentage of smokers who reporting smking both indoors and outdoors at home
highlight the need to develop health-education inteventions to implement voluntary smoke-free
rules in those settings[39]. Previous studies demostrated that restrictions at home are more
common when smokers live with other non-smoking adlts and where children are present[40].
In the current study, we were not able to determinewhether the smokers who reported smoking
at home lived with other non-smokers and/or childme. However, the high percentage of non-

smokers exposed at home indicates that further reserch is necessary to identify the most
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effective measures for promoting smoke-free homesa a key element of tobacco-control

programs.

The high percentage of non-smokers exposed to SHSn bars and restaurants is also of concern,
as is our observation that more than half of the smkers reported smoking in those settings. A
previous investigation of a sample of bars and resturants in various European cities measured
nicotine and PM as SHS markers and detected signifiant SHS levels in outdoor areas,
indicating a significant health risk for individua exposed in those settings[41]. It would have
been interesting to describe the support for prohilting smoking in bars and restaurants
outdoors, but we did not collect that information n this survey. Surveys in California
(USA)[33] and New South Wales (Australia)[42] repaed 72% and 69%, respectively, support
for smoke-free outdoor restaurant patios. Terracesand patios will surely be the focus of new

smoke-free legislation[26].

The strong support for some outdoor smoke-free ares should be considered by policy makers
and tobacco-control researchers for future intervetions. This support indicates an important
process of denormalization of smoking, and policy mkers should consider it to be a
determinant for reinforcing tobacco-control measure. The strongest support for smoke-free
outdoor settings was obtained for children’s playgounds, the grounds of healthcare centers, and
school/high school courtyards. Those places were inluded in the last Spanish smoke-free law
(Law 42/2010). It would have been interesting to cmpare the current results with data gathered
prior to the implementation of Law 42/2010 to evalate whether support for smoke-free areas
increased after its implementation, confirming itspositive effect on the attitudes of the
population. Although we did not have those data, dier studies suggest that support for smoke-

free bans increased after the adoption of legislatn and over time[14, 31].

Strengths and limitations

A potential limitation of the current study derivesfrom the self-reported nature of the data
obtained through questionnaires. This potential indrmation bias was minimized by asking the
participants for specific settings where they smokeand where they were exposed to SHS, and
recording the participants’ support for making speific outdoor places smoke-free on a five-
point scale. This cross-sectional study included iformation obtained after the implementation

of Spanish comprehensive smoke-free legislation (Lw 42/2010). It would have been of great
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interest to have conducted a similar survey beforethat law, and also before and after previous
legislation (Law 28/2010) to evaluate the effects 6 each law on tobacco consumption and SHS
exposure in outdoor settings, as well as the change in support for some smoke-free outdoor
areas. Our previous survey (in 2004-05, before Law28/2005 was implemented) included
information on smokers’ consumption and SHS exposur in various settings[43, 44]. However,
we did not enquire separately about tobacco consumfion and SHS exposure indoors and
outdoors, nor did we investigate attitudes toward moke-free outdoor places, as we did in the

present study.

CONCLUSION

Our results show that the exposure of non-smokers @ SHS mostly occurs in outdoor areas
where smoking is allowed. The strong support for sme smoke-free areas, including areas that
are already smoke-free according to a national law,suggests the feasibility of extending
smoking bans to several outdoor settings. Factors lat influence support for smoke-free areas
should be considered when deciding which policy imrventions best promote the extension of
smoking bans to outdoor settings. Awareness of thehazards of SHS exposure, the need to
protect children and other non-smokers from this eposure, and/or establishing a positive model
for youth should be on the agenda for interventionghat favor the denormalization of smoking

and increased support for new smoke-free areas.
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6. DISCUSION CONJUNTA
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Después de la implementacion de medidas sanitariapara la prevencion y control de tabaquismo
es necesario evaluar de forma global su impacto par determinar si se han obtenido los
resultados esperados. Ademds, es necesario monitomar de forma continua en el tiempo los
cambios en la epidemia del tabaco, tanto en el consmo como en la exposicién al HAT de los no
fumadores para poder desarrollar intervenciones decontrol del tabaquismo mds eficientes,

incluyendo recomendaciones para la poblacion generh

6.1. Cambios en la exposicion al HAT en la poblacién ndumadora

En la presente tesis doctoral se incluyen los resuhdos de la evaluacién de las leyes de medidas
sanitarias para la prevencion y control del tabaqumo introducidas en Espaiia el 1 de enero de
2006 (Ley 28/2005) y el 2 de enero de 2011 (Ley 42010) con datos obtenidos antes de la
implementacién de la Ley 28/2005 y datos obtenidodespués de la Ley 42/2010. Los resultados
muestran que tanto la exposicién autopercibida comaobjetiva mediante las concentraciones de
cotinina en saliva de la poblacién adulta no fumadoa disminuyen significativamente después de
la entrada en vigor de la legislacion. Esta disminuion se observa tanto en los lugares de trabajo,
durante el tiempo libre e incluso en lugares no reglados por la ley, como en el transporte
ptblico y el hogar. Esta disminucién en el hogar seha observado en estudios previos que,
importante, contradicen los resultados previstos pola industria que argumentaba que leyes mas
restrictivas que prohibiesen fumar en los lugares d restauraciéon y hosteleria implicarian un
desplazamiento de los fumadores al hogar y de estananera aumentaria la exposicion al HAT en

los menores(78;83-87).

Un estudio realizado en Escocia que evaluaba los cmbios en la exposicién autoreportada y
evaluada mediante cotinina después de la implantadin de politicas libres de humo observé una
disminucién de la exposicion al HAT de manera globhy para todos los lugares estudiados(78).
Nuestros resultados indican una disminucién globalde la exposicion autoreportada al HAT
entre la poblacidon no fumadora de un 25,1%. Esta diminucién observada en la exposicion al
HAT vendria determinada por la implementacion de athas leyes (Ley 28/2005 y Ley 42/2010),
lo que demuestra la importancia de las politicas decontrol del tabaquismo para la proteccién de
los no fumadores a la exposiciéon al HAT. Sin embarg no podemos discernir los efectos propios
de cada una de ellas, lo cual hubiera sido de grannterés. Aun asi, algunos estudios previos que
evaluaban los efectos de la Ley 28/2005, observaronuna disminucién importante en la
exposicion al HAT en los lugares de trabajo(69), peo no durante el tiempo libre ni el
hogar(66;88), ni en bares ni en restaurantes(69;70) En nuestro estudio, una de las mayores
reducciones de exposiciéon al HAT observadas tuvo lgar durante el tiempo libre. Un estudio

previo realizado en Espaifia observé una reduccién ddos niveles de nicotina aérea y de PM 5 de
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mas del 90% en bares y restaurantes después de la mplementacion de la ley 42/2010(89).
Ademads, otro estudio de base poblacional realizadcen Galicia también observé una reduccion
importante de la exposicion al HAT durante el tiemp libre después de la implementacién de la
Ley 42/2010(90). Nuestros resultados, y los obtenids en los otros estudios, demuestran la
importancia de la implementacién de la nueva legislcion que fortalece la anterior ley con la
prohibicién de fumar en todos los locales de hostadria, sin excepcion. Estos lugares son donde
la gente joven no fumadora ha estado expuesta mayatariamente durante el tiempo libre. Al
igual que estudios publicados con anterioridad en tros paises(78;83;85-87), no se observa un
desplazamiento de los fumadores al hogar. Al contrao, nuestros resultados muestran una
disminucién de la exposiciéon al HAT en el hogar, mantras que los estudios que evaluaban
propiamente la Ley 28/2005(7) no mostraban diferentas en la exposiciéon al HAT en el hogar
antes y después de su implementacién. Esta disminu®n observada podria estar relacionada con
el proceso de desnormalizacion del tabaco favorecid tanto por el paso del tiempo desde la

implementacién de la ley 28/2005 como por la implemntacidn de una ley mds restrictiva.

La proporcién de adultos no fumadores con concentraiones no detectables de cotinina en saliva
aument6 del 7,3% antes de la Ley 28/2005 al 53,2% dspués de la implementacién de la Ley
42/2010. Este resultado, junto con la disminucién bservada en las concentraciones de cotinina
en saliva (del 87,6%) y la disminucién de la expoxion autoreportada al HAT (del 25.1%), son
la prueba de los efectos positivos de la implementaion de las medidas legislativas. Estudios
realizados en otros paises después de la implementaiéon de leyes de espacios sin humo
muestran resultados igualmente satisfactorios si bin la disminucién de las concentraciones de
cotinina en saliva en los no fumadores no es tan psnunciada como la observada en nuestro
estudio (reducciones del 47% en Nueva York, 39% en Escocia, y del 27% en
Inglaterra)(78;91;92). Esto vendria explicado pords altas concentraciones de cotinina en saliva
obtenidas en la poblacién espaifiola no fumadora ants de la implementacion de la Ley 28/2005
y 42/2010, que eran hasta 9 veces superiores a lasobtenidas en los estudios de Nueva York,
Escocia e Inglaterra antes de la implementacion desus respectivas legislaciones. Sin embargo
las concentraciones obtenidas después de implementn las medidas de control de tabaquismo
fueron similares en todas las poblaciones estudiads. Podriamos explicar la alta concentracién
de cotinina en saliva obtenida en nuestra poblaciénen 2004-2005 si pensamos que la
prevalencia de fumadores en Espaiia en ese momento ra superior a la de los paises comparados.
Una vez implementadas las leyes de medidas de conwl del tabaquismo que en 2011 prohibia
fumar en todos los espacios ptblicos cerrados, sirexcepciones, esta prevalencia de exposicion
entre los no fumadores disminuye independientementede la prevalencia de fumadores, que

continua siendo superior comparada con la de estopaises.
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6.2. Cambios en la prevalencia de consumo de tabaco y ptron de consumo

Los resultados obtenidos en la presente tesis doctoal indican una disminucién de la prevalencia
de fumadores diarios entre el 2004-2005 y 2011-2012del 26,6 al 24,1%, disminucién que no es
estadisticamente significativa. Esta reduccidn se bserva tanto en mujeres como en hombres, en
los que si fue estadisticamente significativa. Com ya se ha demostrado en otros estudios, los
cambios en la prevalencia de consumo del tabaco nalependerian sélo de la implementacién de
las politicas de espacios libre de humo sino que dberian explicarse segin las tendencias
seculares que sigue la epidemia del tabaquismo(73;9). En nuestro caso, los cambios
observados coinciden con los datos reportados pord Encuesta Nacional de Salud entre 1987 y
2006 con una disminucién de la prevalencia de fumadres del 2,2% por afio en hombres
fumadores (diarios y ocasionales) y la disminuciémobservada en mujeres entre el periodo 2001
y 2006 de un 2,9% de disminucién anual(7).

Los resultados indican una mayor reduccién de la pgvalencia del consumo de tabaco entre la
gente joven, con edades comprendidas entre 16 y 44fios. También se observa una disminucién
importante de los “grandes fumadores” o “heavy smokrs” en su acepcién inglesa (fumadores
de >20 cigarrillos al dia), aunque no se observan ambios en las puntuaciones del Test de
Fagerstrom de dependencia de la nicotina ni en losstados de cambio en los fumadores diarios
antes y después de la implementacion de las legislaiones.

Se observa una importante reduccion de la prevalenia de consumo de tabaco manufacturado
entre la poblaciéon fumadora diaria en el periodo etudiado. Por el contrario, los resultados
muestran un aumento considerable del consumo de cigrrillos de liar exclusivo o combinado
con cigarrillos manufacturados, sobre todo entre lagente joven. Estos datos coinciden con
cambios observados en las ventas de cigarrillos porcédpita en Espafia que indican una
disminucién de la venta de los cigarrillos manufaatrados junto con el aumento en la venta de
los cigarrillos de liar(8). El aumento observado dda prevalencia de consumo de tabaco de liar
coincide con el aumento que se viene observando emnotros estados (Australia, Canada, Reino
Unido, Estados Unidos o Italia) del consumo exclusio de este tipo de tabaco o de su consumo
mixto con los cigarrillos manufacturados, en menowo mayor proporcion (94;95). Al igual que
en estos estudios, los datos de la encuesta realizda en el afio 2011-2012 indican que el patrén
del consumidor de tabaco de liar corresponderia a hmbres, de edades jévenes y con niveles de
estudio més elevados.

El aumento del consumo del tabaco de liar se ha redcionado con la crisis econdémica actual que
ha afectado a tantos paises europeos, incluido Esp@ia(96;97). El endurecimiento de las politicas
de control del tabaco que regulan las tasas del tabco en Espaiia ha afectado principalmente al

tabaco manufacturado, mientras que otros tipos dedbaco se han convertido en alternativas mas
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econdmicas y asequibles para los fumadores(97). Seha demostrado que el aumento del precio
del tabaco conlleva una disminucién de la prevalenia de consumo y de la intensidad(96;98). En
20009, el precio de los cigarrillos manufacturados ea aproximadamente un 50% mayor al del
tabaco de liar. La industria también ha aprovechadcestas diferencias en los impuestos de los
productos del tabaco para promocionar el tabaco ddiar a precios mds asequibles. Por ello, no es
de extrafiar que en tiempos de crisis se observe est aumento de la prevalencia de consumo del
tabaco de liar en detrimento del cigarrillo manufaturado, y mds entre la gente joven.

Aunque las razones econdmicas parecen ser la pringal razén que motiva a los fumadores de
cigarrillos manufacturados a cambiar al tabaco deihr, éstas no son las tnicas. De acuerdo a las
caracteristicas de consumo declaradas por los usuaos de tabaco de liar podriamos definir a
estos fumadores como poco dependientes a la nicotia y que no se plantean dejar de fumar en
un futuro préximo. Ademads se trata de fumadores queonsumen pocos cigarrillos al dia aunque
inhalan mds profundamente que los consumidores de igarrillos manufacturados. Estas
caracteristicas junto a su menor edad se combinan on la creencia de que el tabaco de liar es
menos perjudicial que otros tipos de tabaco, y quela cantidad fumada se reduce junto a una
percepcién mds positiva y una sensacion de satisfacion de su consumo(95;99). Sin embargo
nuestros resultados indican que los usuarios de tabco de liar tienen concentraciones de cotinina
similares a los usuarios de cigarrillos manufacturdos, para las mismas caracteristicas de
consumo. Esto podria explicarse por el hecho de quelos fumadores regulan la ingesta de
nicotina para alcanzar la dosis deseada(100) y tamkén porque el contenido de nicotina de los
cigarrillos de liar es superior al de los manufactmados, al igual que el de alquitran y monéxido
de carbono(95;101-103). Esto también pone en evidacia las consecuencias para la salud del
consumo de este tipo de tabaco. El consumo de tabao de liar estaria incluso relacionado con un

mayor riesgo de cdncer de pulmén y otras enfermedads (99).

Para poder desarrollar medidas eficientes para el ontrol del tabaquismo debemos monitorizar
de manera continua los cambios en la prevalencia deconsumo de tabaco asi como las
caracteristicas y el patrén de consumo es necesario Teniendo en cuenta el aumento observado
en la prevalencia de fumadores de cigarrillos de Hr, se deberian revisar las politicas reguladoras
de las tasas del tabaco de manera que se igualara k precio de los diferentes productos del
tabaco. Ademds, se necesitan mds estudios para deteminar la exposicién a biomarcadores del

tabaco y los efectos en salud del consumo de los qtarrillos de liar.

6.3. Exposicion al HAT en espacios al aire libre medidaon marcadores del tabaco

Las politicas de espacios libres de humo implementdas desde la aprobacién del Convenio

Marco de la OMS para el Control del Tabaquismo (CM() se han centrado tipicamente en los
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espacios publicos cerrados. Sin embargo en algunospaises estas politicas se han extendido
recientemente a determinados espacios exteriores, iguiendo las recomendaciones de la revision
del articulo 8 del CMCT. La Ley 42/2010 se suma a stas recomendaciones extendiendo la
prohibicién de fumar a parques y lugares de ocio ifantil al aire libre, asi como a las zonas
exteriores de colegios y recintos hospitalarios. Ete tipo de prohibiciones han sido criticadas por
una parte de la opinién publica por carecer de evidncia cientifica que demuestre los efectos en
salud de la exposicién al HAT en estos espacios y pr atentar contra la libertad individual.

La revision bibliogréfica que forma parte de la preente tesis doctoral incluye 18 estudios donde
se evaluaba la exposicion al HAT en espacios al aw libre y en sus zonas interiores adyacentes,
muestra que los niveles obtenidos de HAT en deternmiados espacios exteriores deberian
considerarse, sobre todo en los espacios semiabieuss.

Los niveles de HAT obtenidos en espacios exterioresfueron mds elevados en el sector de la
hosteleria, con concentraciones de PM s que sobrepasaban los 10 p g/n? en la mayoria de los
casos cuando habia fumadores presentes. Ademds losresultados de dos de esos estudios
(104;105) muestran que las concentraciones de cotima en no fumadores después de haber
estado expuestos en terrazas de bares y restaurante donde se permitia fumar son mds elevadas
que las obtenidas en no fumadores después de habeestado en terrazas libres de humo.

De acuerdo con la OMS, no existe ningin nivel segur de exposiciéon al HAT(25). La OMS
determina un valor gufa anual para exposiciones prbongadas de PMos de 10 pg/m’ para

espacios exteriores(9;25;106). Este valor represer el extremo inferior del rango en el que se
observaron efectos significativos en la supervivenia. Sin embargo, se ha estimado que
concentraciones de 3-5 pg/m’ para las particulas de menos de 2.5 um (PMs) ya pueden

producir efectos adversos para la salud. La OMS tarhién ha determinado un valor gufa para
exposiciones a PMy s a corto plazo (24 h), que es de 25ug/m’. Si bien para espacios exteriores
podriamos pensar que seria mds 16gico utilizar elimite de exposiciones a corto plazo de 25
ug/m’, se suele recomendar que se dé preferencia al promdio anual sobre el de 24 horas.

Los resultados obtenidos en la revisidon sistematicasugieren que un sector de la poblacion,
especialmente los trabajadores de la hosteleria, esarian expuestos a niveles elevados de HAT en
determinadas condiciones, por encima de los nivelesecomendados por la OMS de 10ug/m’

para exposiciones prolongadas, que seria el prefethle a utilizar en estos casos, teniendo en
cuenta el niimero de horas laborales a las que pueda estar expuestos esta poblacion.

La revisién pone en evidencia que las zonas interices adyacentes a espacios exteriores en los
que se fuma también presentan niveles de exposiciéml HAT mdés elevados que los observados
en espacios interiores alejados de las zonas de fumdores exteriores. Ademads, si bien en los
espacios exteriores los niveles de HAT que se regiwan después de fumar descienden

inmediatamente a niveles basales, en los espaciositeriores en los que se ha fumado en zonas
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adyacentes exteriores, estos niveles se mantienen elativamente altos y disminuyen lentamente
con el tiempo y con la ayuda de la ventilacion dekspacio(107).

Igualmente, los niveles de exposicion al HAT en logspacios exteriores donde se fuma y en sus
zonas anexas interiores dependerd de algunos otrodactores, algunos de los cuales no podemos
controlar. Ademds, en el caso de los espacios extetores estos factores hacen que los niveles de
exposicion al HAT sean transitorios y muy susceptiles a variaciones pudiendo pasar de niveles
considerables y muy por encima de los recomendadospor la OMS a niveles practicamente
indetectables. Algunos de los factores principalesque determinan los niveles de HAT en estas
localizaciones son el nimero de fumadores y caractesticas estructurales del lugar (con paredes
laterales y/o techo). Otros estudios también sugiegn que la direccién y velocidad del viento y la
proximidad a los fumadores determinan los niveles d HAT en el momento de su medicién
mediante marcadores. A mds densidad de fumadores, ms paredes laterales y/o techo, mds
proximidad de fumadores y poco viento, se generan oncentraciones més elevadas de HAT.

La variabilidad de los niveles de HAT en espacios gteriores y el hecho de que existen
relativamente pocos estudios que miden la exposiciti al HAT en estas localizaciones y que los
estudios existentes no siguen una metodologia estddar dificulta poder determinar la existencia
y magnitud de los efectos en la salud que supone l&xposicién al HAT en estos espacios.

Por todo ello recomendamos realizar nuevos estudiositilizando una metodologia estdndar para
poder caracterizar mejor la exposicion en estas loalizaciones. Para ello se deberia determinar
qué marcador de la exposicion al HAT seria el mds decuado para medir objetivamente los nivel
de HAT en estos espacios y si seria necesario comhiar mas de un marcador. Ademas futuros
estudios deberian incluir muestras representativasde diferentes localizaciones exteriores;
deberian tener en cuenta los factores que pueden mdificar estos niveles, sobretodo
caracteristicas estructurales del espacio y la dentxdad de fumadores, pero también condiciones
meteoroldgicas y proximidad a los fumadores; y debelan utilizar métodos estadisticos
estandarizados. Todo esto ayudaria a dar mayor valez a los resultados y facilitaria la
comparacion entre diferentes poblaciones y localizaiones estudiadas para después poder
establecer medidas adecuadas para proteger a la polcién no fumadora de la exposicién al

HAT en donde fuera necesario.

6.4. Espacios al aire libre: exposicion percibida al HAT consumo autoreportado y

aceptabilidad de las politicas libres de humo.

También es importante tener en cuenta la aceptabildad que tienen las politicas libres de humo
en espacios abiertos entre la poblacién general astomo conocer la situacién en estos espacios
mediante la informacién autorreportada de consumo d tabaco y de exposicion al HAT en la

poblacién no fumadora, para poder disefiar las intevenciones mds eficaces para la prevencién y

132



control del tabaquismo. Los resultados obtenidos enel estudio 2011-2012, después de la
implementacion de la Ley 42/2010 que ya prohibe furar en algunos espacios abiertos, muestran
que en aquellos espacios en que la ley prohibe fumn tanto el consumo de tabaco como la
exposicion al HAT reportada por los no fumadores sn practicamente inexistentes. Estos
resultados demuestran un gran cumplimento de la leypor parte la poblacién general. Sin
embargo, también se confirma el desplazamiento deds fumadores a localizaciones exteriores
que ya se habfa discutido en otros estudios publicdos anteriormente(34;48). Alguna de las
localizaciones mds afectadas serian las terrazas debares y restaurantes en las que casi la mitad
de los fumadores entrevistados declara fumar en ests espacios y un 33,5% de la poblacion no
fumadora declara haber estado expuesta después ded entrada en vigor de la Ley 42/2010. Estos
resultados deberian tenerse en cuenta junto con loobtenidos en nuestra revision sistemadtica que
indica que las concentraciones de PM s obtenidas en terrazas de bares y restaurantes dond se
permitia fumar eran mds elevadas a los niveles recmendados por las guias de calidad de aire de
la OMS para exposiciones prolongadas. Otro estudiorealizado en una muestra de bares y
restaurantes en diferentes ciudades europeas encom® niveles elevados de nicotina aérea y
material particulado en sus espacios exteriores, idicando un posible riesgo para la salud de los
individuos expuestos en estas localizaciones(108).Aunque existe cierta controversia sobre los
efectos adversos para la salud en localizaciones alaire libre, algunos estudios recientes han
reportado evidencia de efectos de la exposiciéon al[HAT a corto plazo, como irritacién de los
ojos y de las vias respiratorias en no fumadores(1617), e incluso sobre el sistema

cardiovascular(18).

Los resultados mencionados sugieren que la efectivlad de la ley 42/2010 para proteger a la
poblacién de la exposicion al HAT en el sector de d hosteleria podria estar reducida por la
presencia de fumadores en los espacios exteriores d estas localizaciones donde si se permite
fumar, tal como ya sugiere un estudio previo de nustro grupo de investigacién(89). Hubiese
sido interesante poder reportar la aceptabilidad dela poblacién general (tanto poblacién
fumadora como no fumadora) sobre la prohibicion defumar en estos espacios pero en la
encuesta realizada para este estudio no se registrba esta informacién. Sin embargo, una
encuesta realizada en el 2002 en California(109) idicaba que un 63% de la poblacién general
estaba de acuerdo con la prohibiciéon de fumar en epacios exteriores de restaurantes y un 40%
en los exteriores de bares y pubs. La misma encuest realizada tres aios después(110) mostraba

un aumento del apoyo a este tipo de politicas libre de humo.

Otro aspecto a destacar es el consumo de tabaco yd exposicién al HAT entre la poblacién no
fumadora en los espacios exteriores del hogar. Si ben, los resultados obtenidos de las encuestas

realizadas antes de la Ley 28/2005 y después de 1d_ey 42/2010 muestran una reduccidn relativa
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de la exposicion al HAT autoreportada en el hogar dl 15,1% después la introduccién de ambas
legislaciones, aproximadamente un 40% de los no fumdores declaran estar expuestos al HAT
en los espacios exteriores del hogar después de lamplementacién de las leyes. Estos resultados
ponen de relieve la necesidad de desarrollar nuevasestrategias e identificar las medidas maés
efectivas para aumentar la proporcion voluntaria déhogares libres de humo.

En nuestro estudio, el 90% de los estudiantes no finadores entrevistados declararon estar
expuestos al HAT en los espacios exteriores de loxcampus universitarios, porcentaje mayor al
79,5% obtenido en un estudio previo realizado entreel personal universitario y los estudiantes
de una universidad australiana(111). Este alto porentaje de exposicion al HAT deberia
considerarse no sélo para proteger a los no fumadees de la exposicién al HAT sino también
para prevenir el inicio de consumo de tabaco en lgoblacién méas joven, reducir el consumo en
la poblacién joven fumadora o para ayudarles a dejnde fumar. Estos efectos positivos ya se
observaron en un estudio realizado entre estudiante universitarios en Beirut después de
establecer un campus universitario libre de humo, B el que ademds, la mayoria de los
estudiantes se mostraron satisfechos con la nueva ormativa(112). El alto porcentaje de
exposicion al HAT obtenido en nuestro estudio entrda poblacion no fumadora universitaria y
considerando que un 52,7% de la poblacién general mtrevistada estd a favor de los campos
universitarios sin humo, nos sugieren la necesidady factibilidad de implementar este tipo de
politicas.

El alto porcentaje de apoyo a las politicas libresde humo en espacios exteriores no sélo se
observé para los campus universitarios. Se observoun gran apoyo para la mayoria de
localizaciones estudiadas que fue mayor para aqueHs localizaciones donde la presencia de
menores es comun (parques, lugares de ocio infantily colegios) y recintos hospitalarios, con
mas de un 70% de apoyo de toda la poblacion estudida para estas localizaciones. El apoyo a la
prohibicién de fumar en estos espacios fue mayor etre la poblaciéon no fumadora respecto a los
fumadores para todas las localizaciones estudiadas.Sin embargo, las diferencias reportadas
entre grupos fueron menores igualmente para los pagues infantiles, seguido de los colegios y de
los recintos hospitalarios. De hecho estos espacioson los ya incluidos en la Ley 42/2010 como
espacios libres de humo lo que sugiere la aceptabidad de la Ley tanto entre la poblacién no
fumadora como la fumadora, y el proceso de desnormkzacién del tabaco que acompana a la
aplicacién de normativas para el control de tabaqumo. Resultados similares a los nuestros se
han observado en otros estudios que también evaluahn las actitudes y creencias de la poblacién
general para los espacios exteriores libres de hum6;47;113). El gran apoyo obtenido en otros
estudios y en el nuestro para la mayoria de localiaciones sugiere la factibilidad de extender las

politicas libres de humo a estos espacios.
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6.5. Ventajas y limitaciones de esta investigacion

Una de las principales limitaciones del estudio vedria determinada por el uso del cuestionario
que comporta un posible sesgo de informacién. Sin mbargo, los datos obtenidos de prevalencia
de consumo de tabaco coinciden con los datos obterdos en 2006 y 2011 por la Encuesta
Nacional de Salud (Ministerio de Sanidad y Consumo:Encuesta Nacional de Salud, 2006,
2013). Ademas, el sesgo asociado a la utilizacion d cuestionarios vendria limitado en nuestro
caso por la utilizacién de un marcador objetivo y specifico del tabaco como es la cotinina

medida en saliva.

Por otra parte al tratarse de un estudio con dos enuestas transversales de una muestra
representativa de la poblacién es posible que exist un cierto sesgo de seleccion, pues la no-
respuesta puede estar asociada a las variables de studio. Para evaluar este posible sesgo se
analiz6 la distribucién por sexo, edad y distrito d residencia de los participantes y no
participantes (informacién derivada del Padréon Mumiipal de habitantes) y se compard la
distribucién por estas mismas variables con el Padén Municipal. No se observaron diferencias
entre participantes y no participantes, y las distibuciones de las muestras de participantes

siguieron sin desviaciones significativas las de la correspondientes poblaciones padronales.

Otra limitacién que encontramos es el no poder disernir los efectos que tendrian la Ley
28/2005 y la Ley 42/2010 por separado, al no dispoar de datos después de la implementacion
de la primera ley y antes de la segunda. Tampoco diponemos de datos previos a la Ley 28/2005
sobra las actitudes y creencias de la poblacién sobe la prohibicién de fumar en los espacios
exteriores, por lo que sélo se utilizaron los datosobtenidos en la segunda encuesta transversal
realizada. Sin embargo, la interpretacion de los rsultados conjuntamente con los resultados
obtenidos en los estudios previos que evaluaban ld_ey 28/2005 y otros estudios publicados en
otros paises nos permiten evaluar globalmente los fectos de las medidas de prevencién y

control del tabaquismo implementadas en Espaiia.

Finalmente, al tratarse de un estudio de naturalezatransversal podria estar sometido a mas
sesgos de lo que lo estaria un estudio de cohortes.Sin embargo, los estudios longitudinales
pueden presentar importantes sesgos por pérdidas deseguimiento de los sujetos, lo que reduce
sus ventajas. Ademds, los estudios con encuestas ansversales realizadas antes y después de la
implementacién de politicas libre de humo que inclgen un marcador biolégico objetivo han

demostrado ser un método vélido y de eleccién par@valuar estas politicas (114-116).

135



La principal fortaleza de este trabajo radica en qua se trata del primero que evalda los cambios
en la exposicion al HAT y en el patrén de consumo d tabaco en la poblacién general
mediante biomarcadores antes y después de la implemntacién de las leyes de medidas
sanitarias para el control del tabaquismo implememtdas en Espafia en 2006 y 2011. Ademas
se trata del primer estudio en Espafia que estudiads cambios de patrén de consumo segun el
tipo de tabaco fumado describiendo las caracteristias de los fumadores de tabaco de liar y la
de los fumadores de cigarrillo manufacturado. Pord que sabemos, este es el primer trabajo
que considera los niveles de cotinina en saliva enlos fumadores para evaluar el patrén de
consumo segun tipo de tabaco fumado. Finalmente, esla primera vez en Espafia que se
describen las actitudes de la poblacién general hata las politicas libres de humo en espacios

exteriores.
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7. CONCLUSIONS
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This thesis evaluates the implementation of tobaccacontrol policies in Spain (Law 28/2005 and

Law 42/2010), and its results are discussed in thecontext of the evidence in countries that have

implemented similar regulations. From the scientifi articles included in this thesis we can draw

the following conclusions:

1)

2)

3)

4)

5)

6)

7)

The implementation of a stepped smoke-free legislabn was accompanied by a large
reduction in second-hand smoke, both self-reportedand assessed by means of salivary
cotinine concentrations, in the adult non-smoking ppulation in Barcelona, Spain. This
reduction was observed in workplaces, during leisuz time, and even in settings not

regulated by the law, like in the home and publictansportation.

The prevalence of smoking is decreasing accordingd the trends of tobacco epidemic in

Spain and together with the tobacco smoke free poliies implemented in the last decade.

It has been observed an important increase on rollyour-own cigarettes use that it is

especially remarkable among people in younger ages.

The review on second-hand smoke exposure in outdoosettings indicates the potential
for high second-hand smoke exposure at some outdoorsettings and indoor locations

adjacent to outdoor smoking areas.

This review shows that high smoker density, highlyenclosed outdoor areas, low wind
conditions, and close proximity to smokers generatchigher outdoor second-hand smoke
concentrations. Accounting for these factors is imprtant for future studies on the

relationship between outdoor SHS exposure and healt outcomes.

Non-smokers reported second-hand smoke exposure itmost outdoor settings in which

smokers reported to smoke.
There is great support for outdoor smoke-free areaghat is stronger among non-smokers

than among smokers. The highest support was for args in which children are present

(playgrounds and school/high school courtyards) andhe grounds of healthcare centers.
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7.1 Policy and research implication

This is the first study evaluating, using both seHreports and a personal biomarker of exposure

to second-hand smoke (SHS), the impact of the steppd Spanish smoke-free legislation (Law

28/2005 and Law 42/2010) on second-hand smoke expaosre in different settings among adult

non-smokers from the general population; on tobaccoconsumption and smoking attributes

among smokers; as well as attitudes towards smoke4fee legislation in outdoor settings.

Based on the results and the conclusions derived fom the study we may derive the following

research and policy implications:

1

2)

3)

4)

The strategy of strengthening Law 28/2005 to hosp#tlity venues without exceptions
was clearly effective. We observed a high reductionin SHS exposure during leisure
time and a reduction in SHS exposure at home contray to the speculative tobacco
industry hypothesis of displacement of smoking frompublic to private places. Over
time, the law will result in a reduction in morbidiy (already observed for cardiovascular

diseases) and mortality among non-smoking adults.

This is the first study in Spain that systematicaly evaluates smoking prevalence and
smokers’ attributes focusing in the type of tobaccoconsumed, manufactured or roll-
your-own cigarettes (RYO), before and after the imfementation of a stepwise smoke-
free legislation. The increase in the proportion of RYO cigarettes users and the
consequences on health of their use suggest the ned by policymakers to implement tax

policies to equalise the prices of different typeof tobacco products.

Further research is needed to determine exposure tdobacco biomarkers and the health
effects of RYO cigarettes use. New tobacco controktrategies should be developed to
tackle new forms of tobacco consumption, especiallyamong RYO cigarettes users that

are predominantly young people.

The WHO Framework Convention on Tobacco Control hasconcluded that 100%
smoke-free environments are required to adequatelyprotect the public’s health from the
harmful effects of SHS (WHO 2003). High SHS Ilevelsobtained in some outdoor
locations included in the systematic review, espedlly in outdoor hospitality venues,
suggest that these areas should be considered whendeciding which policy interventions

best promote the extension of smoking bans to outdor settings.
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5)

6)

Further research using standardized methodology imeeded to better characterize SHS
exposure levels in outdoor areas and determine whdier smoke-free legislation should

be extended to these areas.

The strong support of the population for some smokefree areas, including areas that are
already smoke-free according to a national law, sugests the feasibility of extending
smoking bans to other outdoor settings. This supparindicates an important process of
denormalization of smoking, and policy makers shoul take it into account for

reinforcing and extending tobacco control measures.
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Abstract

Introduction: On January 2nd, 2011, the Spanish government passeca new smoking law that
banned smoking in hospital campuses. The objectiveof this study was to evaluate the

implementation of smoke-free campuses inthe hospitals of Catalonia based on both airborne
particulate matter (PMs) and observational data.

Methods: This cross-sectional study included the hospitals egistered in the Catalan Network of
Smoke-free hospitals. We measured PMs (ug/m’) at different locations, both indoors and
outdoors before (2009) and after (2011) the implematation of the tobacco law. During 2011,
we also assessed smoke-free zone signage and indictions of smoking in the outdoor areas of
hospital campuses.

Results: The overall median PM; 5 concentration fell from 12.22 ug/m (7.80-19.76 pg/nt) in

2009 to 7.80 pg/nt(4.68-11.96 ug/nt) in 2011. The smoke-free zone signage within the campus
was moderately implemented after the legislation inmost hospitals, and 55% of hospitals
exhibited no indications of tobacco consumption arond the grounds.

Conclusions: After the law, PM, 5 concentrations were much below the values obtainedefore

the law and below the annual guideline value recommanded by the World Health Organization
for outdoor settings (10ug/m’). Our data showed the feasibility of implementinga smoke-free

campus ban and its positive effects.

Keywords: second-hand smoke, particulate matter, smoke-freecampuses, hospitals, tobacco

smoke pollution.



Introduction

The implementation of smoke-free policies in hospils and health care services became
a challenge in the US when, in 1992, the Joint Comission on Accreditation established a
compulsory requirement to ban smoking in indoor aras for hospital members. In 2000, the
European Network of Smoke-free Hospitals (ENSH) als developed a guideline to establish
smoke-free policies in hospitals www.ensh.eu) (Martinez et al., 2009); however, that was a
voluntary requirement in a strategy to become smokefree and promote smoking prevention and
cessation. There is evidence that indoor smoking bas alone promote slight decreases in tobacco
consumption, are supported by employees, and elicitsatisfaction among patients and visitors
(Hopkins et al., 2010; IARC, 2009; Longo et al., 196; Longo et al., 2001; Martinez et al.,
2008). However, some studies suggest that more restictive smoke-free policies, including
outdoor bans, would support employees in attemptsd reduce or cease smoking (Fernandez and
Martinez, 2010; Gadomski et al., 2010; Williams etal., 2009). Other benefits include the
protection of non-smokers, the reduction of smokingopportunities, and the denormalization of
smoking (IARC, 2009). Moreover, this policy are expcted to promote a cleaner environment,
reduce fire hazards, and increase productivity amog staff (Ferndndez et al., 2010).

As a result, a new movement emerged to promote smo&-free hospital campuses, which
extended smoking bans to outdoor areas (Ferndndez e al., 2010; Williams et al., 2009)
following the recommendations based on Article 8 ofthe World Health Organization
Framework Convention on Tobacco Control (FCTC)(Wod Health Organization, 2009). One
objective of smoke-free hospital campuses is to seta clear example of good health-promoting
practices, by providing a clear message to patients visitors, and employees that tobacco
consumption is a health risk, and therefore, it wold not be allowed on the grounds of the
institution. This message was expected to encouragepatients, visitors, and employees to quit
smoking and maintain a clean, neat environment (Ferdndez et al., 2010).

Recently, some countries, including the US, Japan,and Australia have implemented
smoke-free campuses (Martinez et al., 2013; Nagle e al., 1996). In 2008, over 45% of US
hospitals reported that they had extended tobacco4fee policies to outdoor places(Williams et al.,
2009). In Europe, among the 1,400 hospitals that bbong to the ENSH, now called the Global
Network for Tobacco Free Health Care Services, somehave adopted smoke-free hospital
campus policies, based on what is considered the GQ.D standard for tobacco control in health
care services (Ferndndez et al., 2010). In Spain, bwever, the implementation of smoke-free
campuses became compulsory on January 2, 2011, whedaw 42/2010 was adopted to reinforce
previous legislation (law 28/2005), which banned smking in indoor places (including

workplaces and public places, like hospitals). Thenew tobacco law prohibited smoking in all

4



health care services, both indoors and outdoors, wth the exception of medium- and long-stay
psychiatric services and nursing homes, where desigated smoking rooms are allowed
(Ministerio de Sanidad y Consumo, 2005).

In Catalonia, Spain, in 2000, the Catalan Network & Smoke-free Hospitals

(www.xchsf.com) was created, based on the ENSH model, with the ofective of enforcing

smoke-free hospitals and extending other tobacco catrol activities in the hospitals(Ferndndez et
al., 2010). One of the activities included monitomg and evaluating tobacco control activities to
assess the progress of smoke-free policies over theyears (Martinez et al., 2009). With the
implementation of the new smoke-free law 42/2010, ke Catalan Network of Smoke-free
Hospitals supported and assisted hospitals in implmenting smoke-free campuses. The main
aims of the present study were: (1) to describe SHSlevels within the hospital after
implementing the new tobacco law and, to compare th results obtained in 2009, before the
implementation of the Law 42/2010; and (2) to evalate the implementation of smoke-free
campuses by measuring outdoor SHS levels, the presace of total smoke-free zone signage, and

indications of tobacco consumption on the grounds 6hospital campuses.

Methods

Study Design and Participants

This descriptive, repeated cross-sectional study, ncluded all hospitals registered in the
Catalan Network of Smoke-free Hospitals, in Cataloin (Spain). Data were collected before and
after the implementation of smoke-free legislatiomising the same strategy. The pre-legislation
data were obtained between February and September 809 among the 53 hospitals affiliated to
the Catalan Network of Smoke-free Hospitals at thatime. Post-legislation data were obtained
between March and October 2011 including a total o0 hospitals of the Network by the year
2011. Data collections were performed after contadng the coordinator of the smoke-free

hospital committee by telephone or e-mail to arrang an appointment.

Measurements and Variables

PM, s concentrations. We measured PM,s, a selective airborne tobacco marker
commonly used to evaluate SHS levels. We followed acommon measurement protocol based
on previous studies. We used a hand-held instrumentto monitor particle size and mass
concentration (TSI SidePak AM510 Personal Aerosol Mnitor) (Fernandez et al., 2009; Sureda
et al., 2010).The monitor was fitted with a 2.5um impactor to measure the concentration of
particulate matter with a mass-median, aerodynamicdiameter <2.5 um. The sample flow rate

through the TSI SidePak monitor was set at 1.7 1/mm to ensure proper operation of the attached
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2.5-um impactor. We applied a K factor of 0.52 to all th measurements calculated with our
specific instrument. The equipment was set to a onesecond sampling interval and was zero-
calibrated prior to each use with the attachment ofa HEPA filter, according to the
manufacturer’s specifications. Every location was ampled for a period of 15 min, with the
exception of the first location, which was measuredor 20 min (the first 5 min were discarded).
For each location, we recorded the start and finishtimes of measurements. All data were
recorded with the TSI SidePak monitor and downloadd weekly onto a personal computer for
management and statistical analysis. PM s concentrations are expressed inug/m’.

We measured PM,s concentrations in eight standard locations withinthe hospital
campus before and after the implementation of the dw, including the hall, emergency
department (waiting room), general medicine departmnt, cafeteria, fire escape, dressing rooms
(surgical and non-surgical), main building entrance(outdoor), and a background measurement
performed at least 10 m from the campus main entrance. After the implementation of the
smoke-free law, we included main campus entrance (otdoor) to evaluate the implementation of
smoke-free campuses and, in some hospitals, we werealso asked to measure an outdoor point
suspected to be used for smoking (“conflicting poits”, according to the knowledge of the
smoke-free committee coordinator). Measurements steted in indoor locations and ended with
outdoor locations.

Observational data.We recorded additional information for every PMs measurement,
including the location area (Iﬁ), location volume (nf’), temperature (°C), relative humidity (%),
and ventilation. We also recorded the presence of mgnage that stated smoking was prohibited
and different indicators of the presence of tobaccesmoking (number of hospital staff smoking,
number of patients or visitors smoking, presence ofashtrays, presence of cigarette butts, and
tobacco odor), based on the criteria used in previas observational studies(Fernandez et al.,
2009; Sureda et al., 2010). When appropriate, we &o recorded whether the location was
completely outdoor or quasi-outdoor. Quasi-outdoorocations were defined as outdoor areas
covered by a roof and/or protected with side wallsbut not completely enclosed. Finally, we
accounted for the traffic density (mean number of ars per min within a 15 min observation)
near the hospital.

After the implementation of the new legislation, weselected some common locations
around the grounds to evaluate the implementation 6 outdoor smoke-free zones, that included
main building entrances, main campus entrances, othr building entrances, gardens, cafeterias,
kiosks, and other outdoor areas where smoking was gspected (“conflicting points”), based on
information from the smoke-free hospital coordinatrs. For every outdoor location, we recorded
the presence of tobacco-free zone signage; the messge on the sign; the same indicators of

tobacco consumption mentioned above; the physical haracteristics of the area (garden, parking
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area, paved area); and the weather conditions (sung, cloudy, or rainy). We established
implementation criteria to assess compliance withlie outdoor ban, depending on the signage of
smoke-free zones and the presence of indicators ofobacco consumption.

We defined a smoke-free signage variable with threepossible categories: (1) fully
implemented was when 100% of the campus was well-delimited andill entrances to the campus
and building had posted signs. The signs referred ¢ the new law and/or they displayed the
Catalan Network image; (2)moderately implementedwas when there was poor signage across
the campus, and only 50-75% of the entrances were gned. The signs displayed the Catalan
Network image and/or mentioned the new law; and (3)lightly implemented was when there
were no signs on the campus, and <50% of the entranes had posted signs.

We also defined a variable based on presence of initators of tobacco consumption
within the campus with three possible categories: 1) no indicators of tobacco consumption
around the grounds of the hospital; (2) indicatorsof tobacco consumption in 1 or 2 outdoor
locations; and (3) indicators of tobacco consumptin in 3 or more outdoor locations.

Data analyses We presented medians and interquartile ranges (Is) of PM,;
concentrations (and box-plot graphs) to describe th PM, s concentrations in each location. We
compared PM, s medians with the non-parametric Wilcoxon test fompaired samples by year of
the measurements. For outdoor locations (main builthg entrances and main campus entrances),
we described medians and corresponding IQRs of PM;s concentrations in areas with distinct
characteristics; for example, areas with differentmumbers of lit cigarettes (<10;>10); with an
outdoor or quasi-outdoor location; with or withouindicators of tobacco smoking (yes/no); with
or without smoke-free zone signage (yes/no), and wth high or low traffic density €10 cars/min;
>10 cars/min). We used the non-parametric test to ompare medians among groups. We
calculated the proportion of hospitals with indicatrs of tobacco consumption and the

percentages of outdoor locations signed. We performd all analyses with SPSS v. 15.00.

Results

Table 1 shows the median PM 5 concentrations and corresponding interquartile rangs
of the 362 repeated measures in 53 hospitals beforq2009) and after (2011) the implementation
of the smoke-free law. The overall median PM; concentration fell from 12.22 pg/n:i (7.80-
19.76 pg/n?’) in 2009 to 7.80 pg/m (4.68-11.96 pg/nt) in 2011 (p<0.001). The reductions in
median PM2.5 concentrations were statistically sigificant for hall, emergency department,
cafeteria, fire escape, and main entrance. Before lie implementation of the law, we observed
indicators of tobacco smoking in 73 out of 362 loctions, with a median PM 5 concentration of

15.08 pg/m’ (IQR: 10.40-31.46 ug/m). After the legislation, 25 out of 362 locations hd
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indicators of tobacco smoking with a median PMs concentration of 9.88 pg/m (IQR: 5.98-
16.90 pg/nr).
[Table 1]

Among the 60 hospitals after the implementation ofthe smoke-free law, the highest
median PM, s concentrations were obtained in outdoor locationsincluding “conflicting points”,
with 10.40 pg/m’ (IQR: 8.45-18.72 pg/nt); main building entrances, with 9.88 pg/m (IQR:
6.76-14.43 ug/nt); and main campus entrances, with 9.62 pg/m(IQR: 6.50-16.25 pg/n). The
median PM, 5 concentration obtained outside the building (backppund measurement) in those
60 hospitals was 9.10 pg/m (IQR: 7.28-15.86 pg/m?).

Table 2 shows PM, 5 concentrations after the implementation of smokeifee campuses in
outdoor main building entrances and main campus entainces. Median PM, 5 concentrations were
similar regardless the number of lit cigarettes, th type of enclosure, the presence of tobacco
consumption indicators, the presence of tobacco sigage, and traffic density outside the campus.

[Table 2]

We did not observe any indicators of tobacco consmption (people smoking, presence
of ashtrays, presence of cigarette butts, and tobaco odor) around the grounds of 55% of
hospital campuses in 2011. In 30% of hospital campses, we observed indicators of tobacco
consumption in 1 or 2 outdoor locations. In 3 out 6 60 hospitals, we found indicators of tobacco
consumption in 3 or more outdoor locations. In 12 at of 60 hospital campuses, smoke-free
signage was fully implemented, with 100% of the campus delimited and all campus and
building entrances signed. In most hospital campuse (n=45), smoke-free zone signage was
moderately implemented, with 50-75% of entrances gined. Only 3 out of 60 hospitals had
signage in less than half the entrances.

We evaluated 212 outdoor locations among the 60 hopital campuses in 2011, with
most observations (87.7%) done in entrances. The dter outdoor locations included gardens (n=
7), cafeterias (n= 6), fire escapes (n=5), parkingareas (n=2), kiosks (n=1), and other
“conflicting” points suggested by the smoke-free hepital committee (n=5). We did not observe
any smokers in most of the locations (61.8%). Amongthe 60 hospital campuses, we found
between 1 and 5 smokers in 63 locations (29.7%) andmore than 5 smokers in 18 locations
(8.5%). We recorded a total of 340 smokers, 63% wez visitors or patients, and the remainder
comprised hospital staff. We found indications of abacco consumption in 95 out of the 212
outdoor locations evaluated, including tobacco odarthe presence of ashtrays combined with
cigarette butts, and/or people smoking. Smoke-freezone signage was present in 77% of the

observed outdoor locations.



Discussion

In our study, SHS levels, measured in terms of PMs concentrations, decreased in all
locations after the implementation of the Law 42/200 despite the already low concentrations
due to the previous Spanish tobacco law (Law 28/206) that had already prohibited indoor
smoking in health care facilities. The Catalan Netwrk evaluated the previous smoke-free policy
before (2005) and after (2006) its implementationn January 2006. Second-hand smoke (SHS)
exposure was assessed by measuring airborne nicotima concentrations in public hospitals of
Catalonia (Fernandez et al., 2008). The results initated that median nicotine concentrations had
declined considerably after the law was implemented Another study conducted in Catalan
hospitals in 2009 showed good compliance with the dgbacco law, based on the low
concentrations of small €2.5 um in diameter), airborne particulate matter (RI,5) in most
locations, except in outdoor designated smoking aras, cafeterias, and main entrances (outdoors)
(Sureda et al., 2010). The results obtained in thepresent study could be explained by the
reinforcement of the tobacco law to outdoor locatias in the health care facilities and also by
better implementation and development of the Catala Network program over time(Martinez et

al., 2009).

Moreover, PM, s levels obtained after the implementation of the ne Spanish smoke-
free legislation were below the annual outdoor aveage (10 pg/m®) recommended by the World
Health Organization as the low end of the range assciated with significant effects on health
(Word Health Organization, 2006; World Health Orgairation, 2000). Only some “conflicting
points” identified by the hospital smoke-free comnttee showed SHS levels slightly above the
World Health Organization guideline value for longterm exposures. The highest PM;
concentrations obtained in 2011 were found in outdor locations (“conflicting points”, main
building entrances, and main campus entrances). Howver, those levels were also below the 24
h outdoor average guideline value of 25ug/m’ recommended by the same guidelines. After the
implementation of the new law, we evaluated SHS lesls in the main building and campus
entrances and analyzed different variables that cold modify those levels. PM 5 concentrations
were slightly higher in the few places with 10 or more lit cigarettes compared to areas with less
than 10 lit cigarettes, but the differences were nosignificant, possibly due to the low number of
places with 10 or more lit cigarettes. Previous stdies had shown that the number of smokers
and/or lit cigarettes in an area were predictors ofSHS levels in outdoor locations (Brennan et
al., 2010; Cameron et al., 2010; CARB, 2005; Edward and Wilson, 2011; Kaufman et al.,
2010; Klepeis et al., 2007; Parry et al., 2011; Repce, 2005; St et al., 2011; Stafford et al., 2010;
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Sureda et al., 2011; Wilson et al., 2011). While pevious studies have considered the degree of
enclosure as a factor for predicting outdoor SHS leels (Brennan et al., 2010; Cameron et al.,
2010; Parry et al., 2011; Stafford et al., 2010; Sveda et al., 2011; Travers et al., 2007; Wilson et
al., 2011), our data did not show any clear pattern

The presence of other indicators of tobacco smoking apart from lit cigarettes, was
associated with a slight increase in PM 5 concentrations in main building entrances, but notin
main campus entrances. Unlike tobacco odor and theresence of ashtrays and/or cigarette butts,
which can be detected in the absence of people smokig, the PM,s concentrations can
immediately drop to background levels, depending omtmospheric conditions and the density
and distribution of smokers (CARB, 2005; Klepeis etl., 2007; Repace, 2005). Finally, PM 5
concentrations, both in main building and campus etrances, moderately increased with higher
traffic densities. However, the increase was not sttistically significant. It is known that PM
derive from tobacco burning and other sources of cmbustion, like traffic-related air pollution
(Gorini et al., 2005).

Smoke-free campuses were highly implemented in mosbf the hospitals affiliated with
the Catalan Network of Smoke-free Hospitals. A majoty (55%) of hospital campuses did not
show any signs of tobacco consumption. These resuk suggested that outdoor smoke-free
policies for hospitals were well accepted by the gameral public and hospital staff. A review on
public attitudes towards smoke-free outdoor placeshowed that, in a number of jurisdictions,
the majority of the public supported restricted smking in various outdoor settings, including
hospitals (Thomson et al., 2009). Another study coducted in Italy found that 79.9% of the
population supported smoke-free policies in outdoomreas surrounding hospitals (Gallus et al.,
2012). Nonetheless, 40% of outdoor locations showedeople smoking within the grounds of the
campus, including hospital staff. A previous studyystematically observed smoking behavior in
standard outdoor areas; with a reduction in the nurher of staff and visitors smoking on hospital
grounds over a 2-year period (Poder et al., 2012).In the present study, we collected data
between 3 and 10 months after the implementation ofthe smoke-free regulation for hospital
campuses. Further monitoring would be needed to evhuate the long term compliance to the new
law over time.

Smoke-free zone signage was moderately implementedwith 50-75% of the entrances
well-signed. A previous study that evaluated the impact of introducing smoke-free zone signs in
outdoor areas of the hospital grounds found that ginage may be an effective strategy in
reducing, but not eliminating smoking in those seings (Nagle et al., 1996). We recommend that
other activities, beyond the implementation of smok-free zone signage should be undertaken to
achieve better compliance with the outdoor smokingban. These activities might include

improved communication, education, and training fohospital staff.
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Study Limitations

The main limitation of the study is the absence ofPM, 5 measurements in main campus
entrances and observational information around thegrounds of the hospitals before the
implementation of the law. However, we could compa PM, s concentrations in most of the
indoor locations before and after the law, includig the main building entrances.

Another potential limitation of the study is that Rl 5 is not a specific marker of SHS,
because these particles can originate from other cmbustion sources, like cooking or traffic-
related air pollution (Gorini et al., 2005). Thosesources of combustion might explain the higher
PM, 5 concentrations found in kitchens and some outdoodocations near busy roads. For this
reason, we considered traffic density a factor thatmight contribute to outdoor PM 5 levels. For
indoor locations other than kitchens, tobacco smokeds considered the main contributor to PM s.
In fact, other studies used PM s to evaluate SHS in hospitals and found it was a fasible and
sensible method for SHS assessments in those settigs(Nardini et al., 2004; Sureda et al., 2010;
Vardavas et al., 2007). Additionally, we measured bckground PM, s levels to control for
potentially day-to-day variability that could inflance our results and we did not observed
statistical significant differences in backgrounddvels before and after the implementation of the
law suggesting that the differences observed in PM;s levels within the hospital locations could

not be explained by this day-to-day PM 5 levels variability.

Study Strengths

This was the first study to evaluate the implementton of the smoke-free hospital
campus policy after the new Spanish tobacco law (Lw 42/2010) that banned smoking in all
hospital locations, both indoors and outdoors. Morever, this was a real-life study conducted in
real-time. Thus, unlike results from controlled expriments, we provided a realistic view of
smoking behavior and the actual SHS exposure in diflerent locations. We used an objective
marker of SHS levels (PMs), we compared those levels before (2009) and aften(2011) the
implementation of the law in the same hospitals andlocations measured using the same
standardized procedures, and we analyzed observatinal data from different locations around the
hospital grounds after the new smoke-free law to emluate the presence of smoke-free zone
signage and indications of tobacco consumption.Finally, we included a large number of
locations around the hospital grounds in this study We observed nearly the entire grounds of

hospitals, including nearly all the entrances to th buildings and campuses.
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Conclusion

The present study suggests the effectiveness of thenew Spanish tobacco law (Law
42/2010) in combination with the initiatives of theCatalan Network of Smoke-free Hospitals for
implementing smoke-free campuses. We found lower SH levels for all locations after the
implementation of the law compared with the levelobtained in 2009. In addition, we found that
nearly all the PMps concentrations were lower than the 10ug/m’ level recommended for
outdoor settings by the WHO. Continuous evaluationof tobacco control policies can identify
the strengths and weaknesses in each hospital and pomote the development of new strategies
for improving compliance. These results also show lie feasibility of extending smoke-free
legislation to outdoor settings and may encourage lie full implementation of Article 8 of the

WHO FCTC in other jurisdictions.
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Table legend

Table 1. PM2.5 concentrations (ng/m3) in specific locationsof 53 hospitals before (2009) and
after (2011) the Spanish smoke-free legislation; Ctalonia, Spain.

Table 2. PM2.5 concentrations in outdoor hospital campuses, Catalnia, Spain (2011)
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Table 1. PM, s concentrations (ug/nt) in specific locations of 53 hospitals before (200) and

after (2011) the Spanish smoke-free legislation; Ctalonia, Spain.

Median (IQR) 2009 Median (IQR) 2011 p-value*
n
(ng/m’) (ng/m’)
Location
All 362 12.22 (7.80-19.76) 7.80 (4.68-11.96) <0.001
Hall 50 13.26 (11.44-22.56) 6.24 (5.07- 11.05) <0.001
Emergency department, waiting room 45 12.48 (7.02-21.32) 5.72 (3.90-9.10) <0.001
General medicine 47 10.40 (8.32-13.52) 8.32 (4.68-11.96) 0.094
Cafeteria 47 14.56 (9.36-23.40) 9.36 (5.72-15.08) 0.013
Fire escape 39 13.00 (8.32—-28.08) 7.28 (4.68—9.88) 0.007
Dressing room 46 6.50 (2.08-12.09) 6.76 (2.60—10.40) 0.472
Main entrance 47 14.04 (10.40-28.08) 9.88 (6.76—14.04) 0.005
Outside 41 11.44 (9.10-15.08) 8.84 (7.02-16.12) 0.134

* Wilcoxon test for paired samples

IQR: Interquartile ranges
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Table 2. PM, ; concentrations in outdoor hospital campuses, Catalnia, Spain (2011)

PM, s main building PM, s main campus
entrances (pg/nr) entrances (pg/nr)
n Median (IQR) n Median (IQR)
Number of lit cigarettes
<10 54 9.88 (6.37 — 13.65) 31 8.84 (5.72-16.12)
=10 2 23.66 (15.60 — 31.72) 7 11.44 (8.32 — 19.24)
p-value* 0.073 0.221
Enclosure
quasi-outdoor 39 10.40 (5.20 — 17.16) 1 4.68
outdoor 17 9.36 (6.76 — 11.70) 34 10.40 (7.15 — 1825)
p-value* 0.498 0.215
Indications of tobacco
smoking
yes 23 11.44 (7.80 — 17.68) 32 9.62 (6.76 — 16.51)
no 33 9.36 (5.20 — 13.00) 6 10.14 (4.29 — 15.73)
p-value* 0.125 0.770
Signage
yes 48 9.88 (6.76 — 13.00) 28 9.10 (5.98 — 16.51)
no 10 11.96 (7.54 — 19.50) 10 10.40 (7.67 — 15.73)
p-value* 0.323 0.829
Traffic density
<10 cars/min 23 9.88 (5.20 — 14.04) 15 8.84 (4.68 15.08)
> 10 cars/min 21 11.44 (6.76 — 18.72) 14 9.10 (7.15t7.81)
p-value* 0.347 0.406

PMz5: Airborne particulate matter <2.5 pm in diameter;@QR: interquartile range; * Non-parametric test for

comparing medians of independent samples.
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Anexo 2. Articulo: Secondhand smoke levels in publi building main entrances: outdoor
and indoor PM2.5 assessment
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Secondhand smoke levels in public building main
entrances: outdoor and indoor PM, s assessment

Xisca Sureda,’** Jose M Martinez-Sanchez,"**® Marfa José Lopez,**
Marcela Fu,"*® Fernando Agiiero,*® Esteve Saltd,”® Manel Nebot,*>*

Esteve Fernandez'%3

ABSTRACT

Background/Objectives To describe secondhand
smoke (SHS) levels in halls and main entrances
(outdoors) in different buildings by measurement of
PM, 5 and airborne nicotine.

Methods Cross-sectional study in a sample of 47 public
buildings. The authors studied SHS levels derived from
PM, 5 (micrograms per cubic metre) using TSI SidePak
Personal Aerosol Monitors. The authors tested four
locations within buildings: hall, main entrance (outdoor),
control (indoor) and control (outdoor). The authors also
measured airborne nicotine concentration (micrograms
per cubic metre) in main entrances (outdoor). The
authors computed medians and IQRs to describe the
data. Spearman correlation coefficient (rsp) was used to
explore the association between PM, 5 concentrations
simultaneously measured in halls and main entrances as
well as between PM, 5 and nicotine concentrations.
Results The authors obtained an overall median PM, 5
concentration of hall 18.20 pg/m® (IQR:

10.92—23.92 ug/m®), main entrance (outdoor)

17.16 pg/m® (IQR: 10.92—24.96 pg/m?), control
(indoor) 10.40 pg/m* (IQR: 6.76—15.60 pg/m®) and
control (outdoor) 13.00 ug/m? (IQR: 8.32—18.72 ng/
m3). The PM, s concentration in halls was more
correlated with concentration in the main entrances
(outdoors) (rsp=0.518, 95% CI 0.271 to 0.701) than
with the control indoor (rsp=0.316, 95% Cl 0.032 to
0.553). The Spearman correlation coefficient between
nicotine and PM, 5 concentration was 0.365 (95% Cl
—0.009 to 0.650).

Conclusions Indoor locations where smoking is banned
are not completely free from SHS with levels similar to
those obtained in the immediate entrances (outdoors)
where smoking is allowed, indicating that SHS from
outdoors settings drifts to adjacent indoors. These
results warrant a revision of current smoke-free policies
in particular outdoor settings.

INTRODUCTION
Exposure to secondhand smoke (SHS) has been
associated with many adverse health effects, such as
lung cancer, cardiovascular disease and respiratory
tract diseases." SHS is a complex mixture of >4.000
chemical substances defined as diluted and dispersed
air pollutant emission generated from the consump-
tion of tobacco products.? When occurring outdoors,
SHS has been called outdoor tobacco smoke.”

Since the entry into force of the WHO Frame-
work Convention on Tobacco Control in 2005,

several countries have implemented smoke-free
policies. The objective of these policies has been to
protect people from SHS exposure, following the
Article 8 guidelines recommendations. In the
beginning, these recommendations focused on
providing universal protection from SHS in all
indoor public places, workplaces and public trans-
port. In 2007, the Article 8 guidelines development
went further promoting quasi-outdoor and outdoor
public places to be smoke-free under some circum-
stances, as a requirement to an effective protec-
tion.” They consider it is ‘appropriate’ to require
protections in those areas, and they call on coun-
tries to ‘adopt the most effective protection against
exposure wherever the evidence shows that hazard
exist’.0 7

There is no consensus about whether or not
smoking should be prohibited in certain areas
outdoors. ' Opponents of the prohibition argue
that it is ethically unsustainable because it does not
respect the principle of freedom and autonomy of
individuals, and there is insufficient evidence that
SHS in these environments have an impact on
health.? ' Contrary to the first objection to
prohibit smoking outdoors, some research indicates
that, in a number of jurisdictions, the majority of
the public supports restricting smoking in various
outdoors settings.'? Otherwise, scientific evidence
has firmly established that there is no safe level of
exposure to SHS™ and that exposure of non-
smokers to levels of SHS is as high as or higher than
that received in indoor spaces where smoking is
unrestricted® * Due to these new evidences, some
governments have enacted smoking bans in
outdoor areas such as parks, beaches, outdoor
dining facilities and entrances to buildings in the
recent years.” However, there are few data on
actual levels of outdoor SHS exposure in those
settings. Some recent articles show that levels of
outdoor SHS can be comparable or even superior to
indoor levels.!>~* Moreover, it must be considered
that levels of outdoor SHS are more susceptible to
variations because they do not tend to accumulate
and, because of their physicochemical characteris-
tics, outdoor tobacco smoke can disperse influenced
by environmental conditions such as temperature,
humidity and ventilation. Studies of the California
Air Resources Board®® also demonstrates that the
number of cigarettes being smoked, the position of
smokers relative to the receptor and atmospheric
conditions can lead to substantial variation in
average exposures. Thus, although smoking is
prohibited indoors, high levels of SHS can be
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detected in those settings due to smoke from the surroundings
outside the building.'? 1° 18

As a consequence of workplace indoor tobacco regulations,
many smokers have moved to the entrances of the buildings.
However, objective assessments of the levels of SHS due to the
placement of these smokers at the entrances are scarce. The
main objective of our study was to assess the SHS levels in halls
and main entrances (outdoors) in public buildings by measuring
PM; 5 and airborne nicotine.

MATERIALS AND METHODS

Study design

We conducted a cross-sectional study between April and July
2010 among a convenience sample of 47 public places in the city
of Barcelona and its metropolitan area. Smoking was prohibited
by a national ban (Law 28/2005) in these buildings since
1 January 2006.%*

We classified the buildings into four different types: public
administration (n=9), educational places (n=17), public trans-
port stations (n==8) and healthcare centres (n=13).

The buildings were included in the study according to the
following criteria: have an interior space adjacent to an outdoor
area, separated by a doorway providing direct access; have at
least one room physically separated from the hall; in case of
having cooking facilities, they should be physically separated
from the hall and from the other interior room. Moreover, there
would be at least two lit cigarettes in main entrances (outdoor)
during the time of the measurement.

The fieldwork took place on days when the weather condi-
tions were favourable for the measurements (not rainy days,
relative humidity <85%) and between 9:00 and 17:00, when
most workers and visitors attend the building.

Measurements and variables

We measured respirable particles <2.5 pm in diameter (PMy5) as
a well-established marker of tobacco® smoke with two preca-
librated hand-held-operated monitors of particle size and mass
concentration (TSI SidePak AM510 Personal Aerosol Monitor)?®
according to a common protocol based on previous studies.?* %°
The TSI SidePak uses a built-in sampling pump to draw air
through the device, where the particulate matter in the air
scatters the light from a laser. The two monitors were fitted
with a 2.5pum impactor to measure the concentration of
particulate matter with a mass median aerodynamic diameter
=2.5 pm. The sample flow rate through the TSI SidePak moni-
tors was set at 1.7 1/min and logged PM; 5 concentrations at 1's
intervals. The TSI SidePak monitors were calibrated in an
experiment with a BAM-1020 instrument that measures and
records airborne particulate concentration levels using the prin-
ciple of B ray attenuation. The TSI SidePak measurements were
made using a default K factor of 1.00 during the course of 4 h,
and the experiment was repeated three times. The correlation
between the TSI SidePak and BAM-1020 measurements was
very high (r>0.98) in the three tests performed, and the K factor
derived from the experiments was 0.52.%° In addition to cali-
bration with the gold standard, we tested whether both moni-
tors provide similar measurements when used simultaneously in
various environments (an indoor and an outdoor environment
free of tobacco smoke and an outdoor environment with pres-
ence of tobacco smoke from active smokers). We found no
differences in the median PM, s concentrations between both
monitors in these tests. PMy 5 concentrations are expressed in
ng/m®. Both monitors were set to a 1s sampling interval and

zero-calibrated prior to use in each occasion by attachment of
a high-efficiency particulate air filter according to the manu-
facturer’s specifications.?®

We defined four locations at each sample site to be tested as
systematically represented in figure 1: hall (A, A), defined as the
interior space adjacent to an outdoor area; main entrances
(outdoor) (B), as the area within a radius of 5 m over the door
with direct access to public road and the most likely to be
accessed by the public; control indoor (C), which was one room
physically separated from the hall and placed at least 10 m of this
and control outdoor (D), defined as the nearby outdoor spaces
located >10 m from the main entrance (outdoor) where smoking
was not present. We registered PM; 5 concentrations simulta-
neously in the hall (A) and main entrance outdoors (B) during 30
consecutive minutes. The data collectors were situated 2 m of
distance from the door, one in hall and the other in main
entrance outdoors. We took another simultaneous measurement
in the hall (A") and control indoor (C) during 10 min. Afterwards,
we tested the control outdoor (D) during an additional 10 min
period. All locations should not be potentially exposed to sources
of PM; 5 other than tobacco smoke during the measurements
(mainly from combustion sources as those generated in kitchens
or vehicles). All the measurements were collected as unobtrusive
as possible hiding the TSI SidePack in a backpack.

For each location, we registered the time of measurement
onset and completion. All data registered by the two TSI SidePak
monitors were downloaded into a personal computer for
management and statistical analysis.

We also sampled for airborne nicotine in main entrances
outdoors at the same time as we recorded simultaneous PM; 5
concentrations in the halls (indoor) and main entrances
(outdoors). Because of operational reasons, we had to restrict our
analysis to a subsample of buildings. We selected 28 of the 47
trying to maintain the proportionality of the types of building
according to the full sample. We used nicotine sampler’s devices
connected through a tub to a pump (flow 3.02 ml/min) to take
the measures. Nicotine samplers contained a filter that was
37 mm in diameter and treated with sodium bisulphate.?” %8
Nicotine was analysed in the Laboratory of the Public Health
Agency of Barcelona by gas chromatography/mass spectrometry.
The time-weighted average nicotine concentration (micrograms
per cubic metre) was estimated by dividing the amount of
nicotine extracted by the volume of sampled air multiplied by
the total number of minutes the filter was exposed. Airborne
nicotine concentrations are also expressed in micrograms per
cubic metre, with a quantification limit of 5ng per filter,
equivalent to 0.06 ug/m® of nicotine per an exposure time of

A, A’: Hall

B: Main entrance (outdoor)
C: Control indoor

D: Control outdoor

A A
o0

§ M
®: @@&{

=
Figure 1 Outdoor and indoor locations of assessment of secondhand

smoke levels in buildings. Repeated colours represent simultaneous
measurements.
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30 min. Samples with values below the quantification limit were
assigned half of this value (limit of detection=0.03 pg/m?).

We recorded additional information for every measurement
sampling: location area (m?), location volume (m?), temperature
(°C), relative humidity (%), outdoor or quasi-outdoor main
entrance (outdoors) and distance to roadways. We considered
quasi-outdoor main entrances (outdoors) when there were
overhead cover and/or side walls. Overhead covers are defined as
any permanent or temporary structure that impedes upward
airflow. Walls are defined as any structure that impedes lateral
airflow. We also registered different indicators of the presence of
tobacco smoking such as the number of cigarettes lit in main
entrance (outdoors) (counting continuously all cigarettes lit
during the observation in a perimeter of 5m), presence of
ashtrays, presence of cigarette butts and tobacco smell as has
been done in previous studies.”* ° The same two investigators
made all measurements and observations.

We did not require approval from the ethics committee because
the study did not involve interventions or measurements in
humans but rather environmental measures in public buildings.

Data analyses

To describe the data, we provide medians, geometric means,
maximum values, IQRs and 95% Cls of the geometric means by
building type and by location. We compared PM; 5 medians with
the non-parametric test for medians by location and the corre-
sponding 95% CI, and we used the Spearman rank correlation
coefficient (rsp). We describe medians and their corresponding
IQR in hall and main entrance (outdoors) by selected charac-
teristics: number of lit cigarettes in main entrances (<10, =10);
outdoor or quasi-outdoor main entrance (outdoor); signs of
tobacco smoking in hall (yes, no) and distance to roadways
(<15 m, =15 m). We compared PM; 5 medians in hall and in
main entrances (outdoor) with the non-parametric test for
medians. We studied the correlations between PM, s concen-
trations for the simultaneous measurements (hall-main
entrances (outdoors); hall—control indoor).

Table 1
Metropolitan Area, 2010

We also describe nicotine concentrations using medians and
IQRs, and we evaluated correlations between PM, 5 concentra-
tions and nicotine concentrations using the Spearman rank
correlation coefficient (rsp). For all analyses, we used SPSS V15.

RESULTS
Data were collected over 47 public buildings, with no stati-
stically significant differences in the median PMys con-
centrations by type of building. As shown in table 1, the
overall PM;s median obtained in halls was 18.20 ug/mg
(IQR: 10.92—23.92 pg/m®), similar to the 17.16 ng/m® (IQR:
10.92—24.96 ug/ms) PM, s median concentration simulta-
neously obtained in main entrances (outdoor) (p=0.662). The
PM, 5 concentrations obtained in control locations were statis-
tically significantly lower, 10.40 pg/m® (IQR: 6.76—15.60 pg/m®)
for indoors and 13.00 pg/m® (IQR: 8.32—18.72 ng/m°) for
outdoors. The same pattern was observed by building type. Hall
and main entrances (outdoors) showed statistically significant
higher PM; 5 median concentration than controls (indoors and
outdoors) in all cases. The PM; 5 concentration in halls was more
correlated with concentration in the main entrances (outdoors)
(rsp=0.518, 95% CI 0.271—0.701) than with the control indoor
(rsp=0.316, 95% CI 0.032—0.553).

Figure 2 presents real-time plots of PM; 5 concentrations during
a measurement session in a public building (educational place)
using 10 s average values of PM; 5 (micrograms per cubic metre).
Panel A (top) represents the simultaneous measurements recorded
in hall and main entrance (outdoor). The overall PM; 5 median
concentration in hall was 34.22 pg/m® (IQR: 31.06—38.95 ug/m®)
with a maximum value of 66.56 ug/mg. The PM, 5 concentration
obtained in main entrances (outdoor) was 38.01 ug/m® (IQR:
34.23—48.22 pg/m® with a maximum value of 193.65 ug/m?.
Panel B (bottom) shows simultaneous measurements in hall and
control indoors. PM,s median concentration in hall was
82.71 pg/m® (IQR: 67.25—107.11 ug/m®) with a maximum value
of 196.35 ug/ms. The PM, s concentration obtained in control

Medians, IQRs, geometric means and 95% Cls and maximum values of PM, s by building type, raw data (1 s average) Barcelona

Simultaneous measurements*

Simultaneous measurements 1

Building type n Hall 1

Main entrance (outdoor)

Hall 2 Control (indoor) Control (outdoor) t

Overall 47

Median (IQR) (ng/m?)
Geometric mean (95% Cl) (pg/m°)
Maximum value (pg/m3)

18.20 (10.92—23.92)
16.70 (16.21 to 17.19)
128.44

17.16 (10.92—24.96)
17.17 (16.65 to 17.69)
54.08

14.33 (13.09 to 15.57)

14.53 (13.63 to 15.43)

24.44 (23.27 to 25.61)

Public administration and libraries 9
Median (IQR) (ng/m®) 14.04 (12.22—21.84) 16.12 (8.32—23.14)
Geometric mean (95% Cl) (ug/m®) 15.33 (14.27 to 16.39)
Maximum value (pg/m°) 34.32 42.64

Educational places 17
Median (IQR) (pg/m°) 18.20 (8.32—28.08) 17.68 (8.32—24.70)
Geometric mean (95% Cl) (pg/m°) 16.51 (15.70 to 17.32)
Maximum value (ng/m°) 46.80 37.44

Public transport 8
Median (IQR) (ng/m?) 16.64 (9.62—20.80) 24.18 (14.95—37.96)
Geometric mean (95% Cl) (pg/m°) 13.69 (12.48 to 14.90)
Maximum value (ug/m3) 21.84 54.08

Healthcare centres 13

Median (IQR) (pg/m°)
Geometric mean (95% Cl) (ug/m®)
Maximum value (pg/m°)

21.32 (12.74—28.34)
20.33 (18.93 to 21.73)
128.44

17.16 (15.08—28.86)
19.48 (18.55 to 20.41)
46.28

18.20 (11.44—24.96)
17.52 (16.99 to 18.05)
86.32

13.52 (9.88—24.44)
15.36 (14.30 to 16.42)
36.40

19.24 (11.18—28.34)
18.13 (17.25 to 19.01)
48.36

16.12 (9.49—22.49)
14.19 (13.04 to 15.34)
27.04

18.72 (12.87—-27.82)
20.87 (17.23 to 24.51)
86.32

10.40 (6.76—15.60)
10.01 (9.49 to 10.53)
36.40

8.32 (5.46—12.22)
7.71 (6.56 to 8.86)
15.60

10.40 (6.76—18.46)
11.04 (10.20 to 11.88)
36.40

14.56 (9.88—15.99)
11.50 (10.18 to 12.82)
19.24

9.36 (5.98—16.38)
9.69 (8.54 to 10.84)
21.32

13.00 (8.32—18.72)
12.76 (12.32 to 13.20)
30.16

8.84 (7.80—18.98)
11.70 (10.60 to 12.80)
30.16

9.10 (7.80—18.72)
11.05 (10.29 to 11.81)
23.92

16.64 (14.30—20.28)
17.11 (16.26 to 17.96)
23.40

13.52 (10.14—18.85)
13.68 (12.55 to 14.81)
22.36

*30 min measurements.
110 min measurements.
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Figure 2 (A and B) Real-time plots of A 207
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indoors was 10.74 pg/m® (IQR: 10.24—11.21 ug/m®) with
a maximum value of 15.08 pg/m®.

Table 2 shows a descriptive analysis of PM; 5 concentrations in
halls and main entrances (outdoors) by different variables
potentially related to tobacco smoke levels. Median PM; 5
concentrations were higher but statistically non-significant in
buildings with =10 lit cigarettes compared with <10 lit ciga-
rettes both in halls (20.80 vs 16.38 ug/ms, p=0.560) and main
entrances outdoors (21.58 vs 15.86 ug/mg, p=0.079). The same
occurs when we compared outdoor and quasi-outdoor main
entrances (outdoor) with higher PM; 5 concentrations for quasi-
outdoor areas both in halls and in main entrances (outdoor). The
PM; 5 levels in hall and main entrances (outdoor) did not
substantially vary depending on signs of tobacco smoking in
halls or the distance to the roadways. We did not find differences
in concentrations obtained in halls and in main entrances
(outdoors) according to the variables.

We studied nicotine concentrations in 28 of the 47 public
buildings. The overall median nicotine concentration was
0.81 ug/m3 (IQR: 0.54—1.52 ug/m®) with a maximum value of
3.74 ug/m®. The Spearman correlation coefficient between
nicotine and PM; 5 concentration was 0.365 (95% CI —0.009 to
0.650).

DISCUSSION

Main findings and comparison with other studies

Our findings show that main entrances (outdoors) are a critical
location to consider when promoting smoke-free environments
for outdoors and for the adjacent areas indoors, such as halls. We
did not find differences in PM, 5 levels when comparing by

4 0of 6

2

3 4 5 [ 7 ] 9 10

Time (minutes)

building type. In all cases, PM; 5 concentrations obtained in
main entrances (outdoors) were very similar to those obtained in
halls, and both of them were considerably higher than levels in
indoors and outdoors control points.

A previous study conducted in 53 hospitals to evaluate SHS
exposure found a correlation coefficient of 0.591 between PM, 5
concentrations in hall and in main entrance (outdoor),? very
similar to the correlation coefficient (rsp=0.518) in the present
study. That correlation was higher than the one obtained
between hall and control indoor. These results make sense with
the real-time plots of PM; 5 concentrations (figure 2). In general,
there is an overlap of PM; 5 concentrations in the case of hall and
main entrance (outdoor) in contrast to what happens in hall and
control indoor. All these results suggest that outdoor SHS drifts
to immediate adjacent areas indoors where it can remain longer,
as suggested in previous studies focused on outdoors levels of
SHS.? 12 18 19 Klepeis er al® studied SHS levels in outdoor public
places (parks, side-walk café, restaurants and pubs), and they
showed that outdoor SHS levels were comparable to indoor
concentration under certain conditions. These studies also
suggest that whereas the SHS levels indoors remained relatively
high and slowly decayed for hours until the doors were opened
to ventilate the venue, SHS outdoors concentrations dropped
immediately to background levels when the cigarette source
were extinguished.

There are some factors that can influence the levels of SHS
outdoors as it has been suggested in other studies.® 71
Although the difference was not statistically significant, we
found slightly higher levels of SHS, both in hall and in main
entrance (outdoor) when there were =10 lit cigarettes. This
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Table 2 Medians, IQRs and maximum values of PM, 5 measurements in halls and main entrances (outdoor) by selected characteristics, raw data

(1 s average) Barcelona Metropolitan Area, 2010

n Median (IQR)

Main entrance (outdoor)
Median (IQR) p Value*

Number of lit cigarettes in main entrance

<10 lit cigarettes 32 16.38 (11.44—24.96) 15.86 (9.69—24.96) 0.285

=10 lit cigarettes 15 20.80 (11.96—27.56) 21.58 (17.16—37.44) 0.495
Covered main entrance (outdoor)

Quasi-outdoor 33 19.24 (11.44—26.00) 17.68 (13.00—27.56) 0.765

Outdoor 14 17.68 (11.31—22.62) 14.82 (7.67—21.65) 0.109
Signs of tobacco smoking in hall

Yes 25 18.72 (9.88—24.44) 17.16 (10.14—23.92) 0.440

No 22 17.68 (11.44—26.78) 18.98 (10.85—35.88) 0.961
Distance to roadways

<15m 36 19.76 (12.03—26.91) 17.68 (12.48—28.34) 0.539

=15m 1 11.96 (10.92—19.24) 16.64 (9.36—20.28) 0.824

*Non-parametric test for medians for the comparison between hall and main entrance (outdoor).

finding is consistent with those of Kaufman ez a/, who showed
that average levels of PMy5 in outdoor settings with =1 lit
cigarettes present were two times higher than average levels of
background air pollution.'”

We found that SHS levels in quasi-outdoor main entrances
were higher than those in hall and not covered main entrances.
We concur with Klepeis er al® that highly enclosed outdoor areas
may reduce the possibility of SHS naturally dissipating outdoors
such as it is forced to drift into the adjacent indoor space.
Moreover, we supposed that the more enclosed the outdoor area
is, the more it allows the accumulation of cigarette emission
indoors and outdoors.

Although our results were not averaged over 24 h, we found
a high PM; s median concentration with maximum values of
128.44 and 54.08 ug/m® in halls and main entrances (outdoor),
respectively, higher than the 24 h outdoor average guideline
value of 25 pg/m® recommended by the WHO Air Quality
Guidelines.” Such levels of SHS and the recent evidence on
effects of smoking in outdoor areas® has resulted in Framework
Convention on Tobacco Control guidelines to require protection
from SHS in outdoor and quasi-outdoor public places where it is
‘appropriate’.’

Limitations of the study

One potential limitation of the study is that we did not control
for wind conditions in our examination of outdoor PM;s
concentrations. SHS concentration outdoor are sensitive to wind
speed and direction.® '® However, we performed the measure-
ments in different hours and days during 4 months, and hence,
potential bias due to the wind conditions might have occurred in
a non-differential way. We recommend that future research
include venue-specific wind measures to account for these
effects. We did not take into account the distance between the
monitor and lit cigarettes. A previous study controlled smoking
activity at precise distances from monitored positions, and they
observed a clear reduction in SHS levels outdoors as distance
from a tobacco source increased.'® While it would have been
interesting to control for this variable, it is very difficult to
calculate the proximity from every lit cigarette during the
measurement in a non-controlled study since smokers may
change their position during observation.

Finally, the number of buildings measured was limited for
operational reasons. We included public buildings that followed
the criteria established. In some cases, we selected the buildings
because we knew it would be easy to find smokers in the main

entrance (outdoor) (ie, some educational places and healthcare
centres) and they were buildings of our interest. Other buildings
were selected through an environmental scan. Anyway, our
study includes a variety of public buildings that had not been
studied so far.

Strengths of the study

To our knowledge, this is one of the few studies using simul-
taneous measurements of PM, 5 levels in outdoor and indoor
settings and the first one that includes both indoor and outdoor
controls.

Moreover, this is real-life and real-time study. We are aware
that we may have obtained some inconsistencies in the data as
we did not control for some unpredictable variables. However,
opposite to a controlled experiment, we got a realistic view of
the behaviour of smokers and a real approach of the exposure to
SHS in the building main entrances.

While PMy5 can originate from sources of combustion
different to tobacco smoke, such as cooking or traffic-related air
pollution, we took into account the traffic-related air pollution
in the case of the outdoor measurements by registering each
building’s proximity to roadways. We observed that PM;s
concentrations did not substantially vary depending on the
distance of the roadway. We also correlated PM; 5 with airborne
nicotine concentrations outdoors as also done in other studies
with indoor measurements.?” * and we obtained a moderate
correlation possibly due to the low SHS levels outdoors.

CONCLUSIONS

Our study shows that indoor locations where smoking is banned
are not completely free from SHS with levels similar to those
obtained in the immediate entrances (outdoors) where smoking

What this paper adds

» Indoor locations where smoking is banned show similar
secondhand smoke levels to those obtained in the immediate
entrances (outdoors), and both of them are considerably
higher than levels in indoors and outdoors control points.

» Main entrances (outdoors) are a critical location to consider
when promoting smoke-free environments for outdoors and
for the adjacent areas indoors.
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is allowed. This indicates that SHS from outdoors settings drifts
to adjacent indoors. Scientific evidence has firmly established
that there is no safe level of exposure to SHS. Consequently,
these results warrant a revision of current smoke-free policies in
outdoor building entrances to protect people from tobacco
smoke exposure. Moreover, further studies should focus on SHS
exposure in other outdoor or quasi-outdoor locations, such as
terraces or patios, beaches, public parks, bus and train stops, and
sports facilities to better evaluate the need of reinforcing smoke-
free policies.
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Unitat de Control del Tabaquisme, ICO
Avda. Gran Via de L'Hospitalet, 199-203
08908 L'Hospitalet de Llobregat
Teléfon: 932607357

Estimado Sr., Estimada Sra.

El Institut Catala d’Oncologia, en colaboracién con el Departament de Salut de la
Generalitat de Catalunya y el Institut Municipal d’'Investigacié Medica, ha iniciado el
estudio “Determinantes de la cotinina: Cambios en la exposicién al humo ambiental
del tabaco en la poblacién adulta de Barcelona”.

Usted ha sido seleccionado por sortec entre todes los habitantes de la ciudad de
Barcelona. Nos pondremos en contacto con usted durante las préximas semanas para
hacerle una encuesta en su domicilio y recoger una pequefia muestra de saliva.

La participacion en este estudio es voluntaria y en caso de desear mas informacion
puede contactar con nosotros por teléfono en horario de 9.00 a 17.00h.

Dra. Marcela Fu 932607357
Dra. Xisca Sureda 932607335
Sra. Olga Lépez 93 260 71 86
o bien por e-mail: deot2@iconcologia.net

Mas informacion sobre el estudio en Internet; www.iconcologia.net/dcot2

Si usted prefiere ser visitado/da en una fecha y horario concretos (o en un lugar
diferente a su domicilio) puede comunicarlo de la misma manera.

Su participacién (tanto si fuma como si no) es muy importante y su colaboracion es
esencial para continuar avanzando en el conocimiento de los factores relacionados
con el tabaquismo y asi mejorar la salud de la poblacion.

Muchas gracias por su participacion.

Dr. Esteve Fernandez Mufioz
Investigador Principal

El Institut Catala d’'Oncologia garantiza que toda la informacion que aporte
sera tratada de manera estrictamente confidencial y exclusivamente con el fin
de alcanzar los objetivos del estudio.

O ICO #TM Generalitat de Catalunya
O WY Departament de Salut

Institut Catala d'Oncologia
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CONSENTIMIENTO PARA LA ENTREVISTA
Y LA OBTENCION DE UNA MUESTRA DE SALIVA EN EL ESTUDIO
DETERMINANTES DE LA COTININA: CAMBIOS EN LA EXPOSICION AL HUMO AMBIENTAL
DEL TABACO EN LA POBLACION ADULTA DE BARCELONA.

Yo, Sr./Sra. de de edad y con DNI

DECLARO

Que he sido informado/da por el Sr./Sra.
colaboradorfa del Estudio "Determinantes de la cotinina: Cambios en la exposicién al humo ambiental
del tabaco en la poblacién adulta de Barcelona’, que:

I'Institut Catala d'Oncologia esta llevando a cabo un estudio sobre el consumo de tabaco en la
poblacion de Barcelona,

se ha solicitado mi participacién voluntaria en este estudio, que supone responder un cuestionario
confidencial sobre consumo de tabaco y proporcionar 9 ml de mi saliva,

la informaciéon recogida en este estudio es confidencial y s6lo los investigadores conocen la identidad
de los participantes. La saliva se utilizara para la determinacioén de cotinina u otros marcadores de
exposicion al tabaco relacionados con la finalidad del estudio,

la saliva no utilizada en esta fase del estudioc se congelara y podra ser utilizada para futuras
determinaciones relacionadas con las finalidades del estudio,

la publicacion de los resultados no revelara en ningun caso la identidad de las personas
participantes,

he sido informado/da de forma clara y comprensible de la finalidad, limitaciones y beneficios de este
estudio, y que me han contestado a todas las preguntas que he hecho y dudas gue he mostrado al
respecto.

También he sido informado/da de que en cualquier momento puedo retirarme del estudio y anular mi
consentimiento.

Por estas razones, ACCEDO a contestar el cuestionario, AUTORIZO la recogida de saliva y doy mi
CONSENTIMIENTO INFORMADO para que esta informacion y la muestra de saliva sea utilizada por
los investigadores en el estudio que estan llevando a cabo con tal de mejorar y ampliar los
cohocimientos sobre el tabaguismo.

Firma del participante Firma del entrevistador/a
Nombre y apellidos: Nombre y apellidos:
DNI: DNI:
Barcelona, a ! /
o 4. IMAS
~ ICO T Generalitat de Catalunya L
“~" Institut Catala d'Oncologia Y Departament de Salut q
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:@_‘! Institut < :
"B  Qiuiat Qanitariz | iinivarcitaria

de Bellvitge

Comité Etic d’Investigacié Clinica

INFORME DEL COMITE ETICO DE INVESTIGACI(:)N CLIiNICA
SOBRE PROYECTOS DE INVESTIGACION

El Comité Etico de Investigacion Clinica de la Ciudad Sanitaria y Universitaria de
Bellvitge, en su reunién de fecha 7 de Mayo de 2002, tras examinar el proyecto de
investigacion ref. 56/02, titulado:

“DETERMINANTES DE LOS NIVELES DE COTININA EN SALIVA EN UNA
MUESTRA REPRESENTATIVA DE LA POBLACION GENERAL”

presentado por el Dr. José M? Borrds Andrés del Servicio de Prevencién y Control
delCancer y Director del Instituto Catalan de Oncologia como Investigador
proncipal, asi como los modelos propuestos de carta a los posibles participantes y
de consentimiento informado, ha considerado que no existe inconveniente ético
para su realizacion y ha acordado dar su aprobacion definitiva al mencionado
proyecto.

sl Catald ae s Dok
b TR T oo

¢ of'tnvastigacio Cinies

raj Ignacia Ferrer Salvans
Secretario del C.E.I.C.

.L’Hospitalet de Llobregat, 10 de Mayo de 2002
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Carta de presentacion del manuscrito a PLOS ONE

Prof. Damian Pattinson
Editors-in-Chief
PLOS ONE

Dear Prof. Pattinson:

Please find enclosed our manuscript “Impact of theSpanish smoke-free legislation on adult,
non-smoker exposure to secondhand smoke: cross-sedabnal surveys before (2004) and after

(2012) legislation” for your consideration inPLOS ONE.

On the 2nd of January, 2011, a new smoke-free legikation was established in Spain to
amend the previous one. The new Spanish legislatiorextended the smoking ban to all kind
of hospitality venues with no exceptions, and did &gtend the ban to some outdoors areas
(hospital and educational campuses). While the newlaw has resulted in lower levels of
exposure to secondhand smoke in bars and restaurarg, its impact had not been assessed in
the general population, as it has seldom been donédn other jurisdictions with similar smoke-

free laws.

In this investigation, we show that exposure to seondhand smoke in the adult non-smoking
population has fallen in homes, workplaces, transpatation vehicles, and during leisure time
as derived from self-reports and, importantly, as drived from salivary cotinine

concentrations assessment.

We first submitted the present manuscript to PLOS Mdicine given the public health and
medical interest it has in our opinion (PMEDICINE-BI13-03328), but they suggested we
sent it to PLOS ONE. We believe that the results ad implications of this study may be of the
interest of the international audience of PLOS ONE. The objective assessment of the
effectiveness of the Spanish smoke-free legislatiomat the population level (and not only in
specific settings such as bars and restaurants) mayhopefully trigger the development or

enforcement of similar tobacco control policies imther countries.
Suggested Academic Editors to handle the manuscript Erik von Elm

Suggested reviewers:

. Prof. Sally Haw,s.j.haw @stir.ac.uk University of Stirling, Scotland, UK.

. Prof. Luke Clancy,lclancy @tri.ie, TobaccoFree Research Institute, Ireland.
. Prof. Stanton Glantz, glantz@medicine.ucsf.edy University of California San Francisco,

USA.

. Prof. John P. Pierce,jppierce @ucsd.edy, University of California San Diego, USA.

. Prof. José M. Martin-Moreno,jose.maria.martin @uv.es University of Valencia, Spain.
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All the authors carefully read the manuscript and #lly approve of it. In their name I also
declare that the manuscript is original and it is ot submitted anywhere other than your
journal. All the authors declare to have no conflitof interest. We would of course be ready

to provide further information about our data and mthods you so desire.

Correspondence about the manuscript should be addresed to me as indicated in the first

page of the manuscript.
Thank you very much for your kind attention. Wittbest regards,

Yours sincerely,

ﬁf{@k«%ﬁ ‘

Esteve Fernandez, MD, PhD
Head, Tobacco Control Research Unit, Institut Catal d'Oncologia
Associate Professor of Epidemiology &Public HealthlUniversitat de Barcelona

E-mail: efernandez@iconcologia.net

Respuesta del editor vy comentarios de los revisoresie PLOS ONE

PONE-D-13-43607

Impact of the Spanish smoke-free legislation on adit, non-smoker exposure to secondhand
smoke: cross-sectional surveys before (2004) and afr (2012) legislation

PLOS ONE

Dear Dr. Sureda,
Thank you for submitting your manuscript to PLOS ORK. After careful consideration, we feel
that it has merit, but is not suitable for publicaton as it currently stands. Therefore, my decision

is "Major Revision."

We invite you to submit a revised version of the mauscript that addresses the points raised by

our reviewers below.

We encourage you to submit your revision within fary-five days of the date of this decision.
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When your files are ready, please submit your reviton by logging on to http://pone.edmgr.com/
and following the Submissions Needing Revision linkDo not submit a revised manuscript as a
new submission. Before uploading, you should prooftad your manuscript very closely for
mistakes and grammatical errors. Should your manusrtipt be accepted for publication, you may

not have another chance to make corrections as we d not offer pre-publication proofs.

If you would like to make changes to your financialdisclosure, please include your updated

statement in your cover letter.

Please also include a rebuttal letter that respondsto each point brought up by the academic

editor and reviewer(s). This letter should be uploded as a Response to Reviewers file.

In addition, please provide a marked-up copy of thechanges made from the previous article file
as a Manuscript with Tracked Changes file. This cartbe done using 'track changes' in programs
such as MS Word and/or highlighting any changes itthe new document.

If you choose not to submit a revision, please nofiy us.

Yours sincerely,

Thomas Behrens

Academic Editor

PLOS ONE

Journal requirements:

When submitting your revision, we need you to addres these additional requirements.
1) Thank you for including your ethics statement orthe online submission form: "Participants
were asked to sign an informed consent form beforeproceeding with the face-to-face

interview.In case of subjects aged 16 an 17, paremtl written consent was obtained. "

To help ensure that the wording of your manuscripis suitable for publication, would you please

also add this statement to the Methods section of gur manuscript file.
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Reviewers' comments:

Reviewer's Responses to Questions

Comments to the Author

1. Is the manuscript technically sound, and do thalata support the conclusions?

The manuscript must describe a technically sound pce of scientific research with data that
supports the conclusions. Experiments must have bee conducted rigorously, with appropriate
controls, replication, and sample sizes. The conclsions must be drawn appropriately based on

the data presented.

Reviewer #1: Yes
Reviewer #2: Partly

Reviewer #3: Yes

Please explain (optional).

Reviewer #1: Were there other interventions such asincrease in taxation, restriction of sales,
smoking cessation programmes etc in Barecelona inlte same time period?

How they would have contributed to the decline in moking? Are the observed changes due to a
decline in overall smoking in Barcelona or only smking restrictions in the settings mentioned.
Can the decline in public and private transport begiven separately?

Also can the decline in workplaces other than hospality industry be presented? (Since the law

didi not cover them initially)

Reviewer #2: The study is based on pre-policy datdrom 2004-2005 and post-policy data from
2011-2012. This means that the study analyses the ffects of both Spanish smoking laws,
although the authors state that they only study theffects of the latest version of the law. I have

a few comments in relation to this:

1) If the focus should be on the effects of the seond version of the smoking law, then the

authors should include the results of studies of th effects of the first law in their discussion.
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2) In the conclusion (line 378-380) the authors wite “The strategy of strengthening the law
(28/2005) to extend to hospitality venues without Bception was clearly effective”. Although
this statement is not wrong, I find that it shoulde highlighted that what they actually study is
the effect of both laws.

Reviewer #3: This paper presents the results of twocross-sectional surveys, one before there
were any legal restrictions on where one could smok and one after comprehensive legislation
was in place in Spain. The authors collected data a self-reported exposure and also an objective
biomarker of exposure (cotinine). Both dropped fodwing implementation of the legislation,

with much larger drops in cotinine than self-report

The fact that the cotinine dropped by so much (88%)is very important and deserves more
prominence in the results. The fact that the cotime dropped so much suggests that, while
people are still getting some (albiet much less) eposure in the various venues the authors
studied, the intensity of exposure in these venuesis much less. (The authors only assessed

WHETHER people were exposed in the venues, not HOWMUCH.)

The finding that there were big increases in (volutary) smokefree homes is a very important
finding that deserves more emphasis and which shou be presented in more positive terms.
Right now they authors just mention the substantialincrease in smokefree homes as evidence
that there was not displacement of smoking into homs when smoking was restricted in
workplaces and public places. This is no doubt in @sponse to such predictions (made by the
tobacco companies and politicians sympathetic to th tobacco companies), but there was never
any meaningful data to support these assertions. Reher than repeating these (groundless)
assertions and saying that they are wrong, the autbrs should affirmatively present their results
as demonstrating the positive side effect of the Iw as stimulating voluntary smokefree home

policies.

Two related papers that deal with this point (whiclbught to be integrated into this paper) are:

Association between smokefree laws and voluntary smkefree-home rules.
Cheng KW, Glantz SA, Lightwood JM.
Am J Prev Med. 2011 Dec;41(6):566-72. doi: 10.101G/amepre.2011.08.014

Association between clean indoor air laws and volutary smokefree rules in homes and cars.
Cheng KW, Okechukwu CA, McMillen R, Glantz SA.
Tob Control. 2013 Oct 10. doi: 10.1136/tobaccoconwwl-2013-051121. [Epub ahead of print]
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Specific comments:

Line 139: What is the power associated with these alculations? 80%?

Line 261: Here the authors say that there was no gnificant change in workplace exposure, but
later on the same page (line 271) they say there wa. This inconsistency needs to be resolved

(and the abstract revised accordingly).

Line 264: If is not clear what these percentages az percentages of.

Line 381: Replace "there was no displacement of SHSexposure due to increased smoking in
this setting" with "the social norm changes refleatd in the law lead to increases in voluntary

smokefree policies, further reducing exposure to SI."

Table 1 (and associated discussion): Was the factliat exposure in several venues was already
low before the law took effect the reason that thex were not bigger relative drops in self-
reported exposure? (Also see earlier point about th fact that cotinine dropped much more than

the self-reported exposures in Table 1.) Revise theaext and abstract accordingly.
Table 2: Suggest changing "percentage change" to "gprcentage reduction” in the table and also

in the discussion of this table in the text and abwact. These large across-the-board reductions

are impressive and should be stressed.

2. Has the statistical analysis been performed appwpriately and rigorously?

Reviewer #1: Yes
Reviewer #2: Yes

Reviewer #3: Yes

Please explain (optional).
Reviewer #1: In addition, adult smoking prevalencan Barcelona over the period from 2005 to

2012 can be presented. This will help to know therend in tobacco use prevalence. Is there any

correlation between change in adult smoking prevalace and exposure to SHS?
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Reviewer #2: The analyses seem to be appropriate; djusting for common confounders and

accounting for the skewed distribution of cotinineconcentrations.

Reviewer #3: (No Response)

3. Does the manuscript adhere to standards in thifield for data availability?

Authors must follow field-specific standards for dta deposition in publicly available resources
and should include accession numbers in the manusdpt when relevant. The manuscript should
explain what steps have been taken to make data avHable, particularly in cases where the data

cannot be publicly deposited.

Reviewer #1: Yes
Reviewer #2: No

Reviewer #3: Yes

Please explain (optional).

Reviewer #1: (No Response)
Reviewer #2: The data does not seem to be publiclyavailable

Reviewer #3: (No Response)

4. Is the manuscript presented in an intelligible #shion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, sdhe language in submitted articles must
be clear, correct, and unambiguous. Any typographial or grammatical errors should be

corrected at revision, so please note any specifierrors below.

Reviewer #1: No
Reviewer #2: Yes

Reviewer #3: Yes




Please explain (optional).

Reviewer #1: it will be useful to show a schematicdiagramme of the process with two time

periods, number of subjects interviewed etc for thaeader to get a complete picture.

If space permits, the summary of the legislation ad key elements for implementation can be

presented.

Reviewer #2: (No Response)
Reviewer #3: (No Response)

5. Additional Comments to the Author (optional)

Please offer any additional comments here, includig concerns about dual publication or

research or publication ethics.

Reviewer #1: Overall a very useful paper which wilktrengthen tobacco control policies.

Can other countries with limited resources do thisstudy without salivary cotinine estimation?

What would have been the difference in this studyficotinine values were not available?

Reviewer #2: I find that this is a well-written papr on an interesting topic. The methodology is
not new or very advanced, but the study seems to besoundly performed; especially it is good
that self-reported data is supplement by objectivebiomarkers. Evaluations of smoking laws are
very relevant from a policy perspective. If the corments made below and in section #1 are

taken into consideration I would recommend the papefor publications.

The authors are aware of the potential problems inslved with using self-reported data and
discuss this (line 344-353). However, it would be god to also discuss the appropriateness of the
questions used from the questionnaire; I find thatthe level of detail varies quite a bit between
the questions (only some include exposure time or dse), but they are all included in the same

way in the analysis.
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Individuals aged 16 years and older were includedn the study. It would be good if the authors
could briefly inform what the legal minimum age fosmoking is in Spain — or whether there is

no such minimum age.

Reviewer #3: (No Response)

6. If you would like your identity to be revealed ¢ the authors, please include your name here

(optional).

Your name and review will not be published with thenanuscript.
Reviewer #1: (No Response)

Reviewer #2: (No Response)

Reviewer #3: (No Response)

Respuesta a los revisores de PLOS ONE

Journal requirements

When submitting your revision, we need you to addres these additional requirements.

1) Thank you for including your ethics statement onthe online submission form:
""Participants were asked to sign an informed conseh form before proceeding with the
face-to-face interview. In case of subjects aged 16an 17, parental written consent was
obtained. "

To help ensure that the wording of your manuscripfs suitable for publication, would you
please also add this statement to the Methods sectin of your manuscript file.

This statement was already included in the Methodssection in the last manuscript file sent to

the journal.

Response Reviewers’ comments

We thank the reviewers for the useful comments andinclude them below with our answers,

indicating when necessary any changes made to the mnuscript.

1. Is the manuscript technically sounds, and do thelata support the conclusions?
Reviewer #1: Yes
Reviewer #2: Partly

Reviewer #3: Yes
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Reviewer #1

Were there other interventions such as increase intaxation, restriction of sales, smoking
cessation programmes etc in Barcelona in the sameitne period?

How they would have contributed to the decline in moking? Are the observed changes
due to a decline in overall smoking in Barcelona oronly smoking restrictions in the
settings mentioned.

In the present manuscript we are referring to secod-hand smoke exposure and not to smoking
itself. The hypothesis that changes in smoking prealence may affect the prevalence of exposure
to SHS is appealing. However, we know from previoustudies in Barcelona and Spain, and also
from the international literature, that the changeoccurred in smoking prevalence during the last
two decades (decreasing trend in males and leveledsdff in women) did not affect the prevalence
of exposure to SHS. Moreover, the slight decline immmoking observed in Barcelona during the
same period follows the already present trend, as lso observed for Catalonia and Spain. This is,
the smoke-free legislation has not influenced the pevalence of smoking. During the last years,
there have been some increases in taxation but notstrengthen of other public tobacco control
policies, such as cessation programs, limitation ofpublicity or media campaigns. Regarding
taxation, a recent paper from Lopez-Nicolas et al(Nicotine & Tob Res. 2013) showed that the
changes in the structure of the taxes in Spain dichot influence tobacco consumption. Hence, we

believe that no changes regarding this point shoulde introduced in the manuscript.

Can the decline in public and private transport beiven separately?

We appreciate the reviewer's comment. In fact, we wre dubitative about including the exposure
to SHS separately for public and private transporttion because the smoke-free law did not
affect very much transportation. Smoking in publictransportation (inside buses, trains and
enclosed stations) was already banned before the 28005 Law by local ordinances, and no
regulation did exist on smoking in private vehiclesThe 42/2010 law banned smoking in taxis
(already banned in the Metropolitan area of Barcelna) and in commercial vehicles (private
vehicles considered workplaces).

We have analyzed it in separate and we are includig them in the Table 1 and the Results
section. In brief, we observed a decline in publidransportation but not in private transportation,

and the findings are commented in the Discussion setion.

Also can the decline in workplaces other than hospthlity industry be presented? (Since the
law did not cover them initially)
The previous law prohibited smoking in all public faces, including workplaces but had some

important exceptions in hospitality venues that thepresent tobacco smoke-free law covers. It
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would have been interesting to separate results acording to the specific workplace but this
information was not registered in the questionnaire Moreover, this approach would be highly
inefficient, since the proportion of people employd in the hospitality sector among our sample
of the general population would be very low. Final}, the effect of the 42/2010 Law in the
exposure to SHS in hospitality places among the poplation can partly be observed in the

reduction in exposure to SHS during leisure time.

Reviewer #2

The study is based on pre-policy data from 2004-205 and post-policy data from 2011-
2012. This means that the study analyses the effect of both Spanish smoking laws,
although the authors state that they only study theffects of the latest version of the law. I
have a few comments in relation to this:

1) If the focus should be on the effects of the seond version of the smoking law, then the
authors should include the results of studies of th effects of the first law in their
discussion.

We appreciate and agree with the reviewer's commentTo clarify this point and make clear that
we are de facto studying the impact of both laws, we have introdued changes across the
manuscript: in the Introduction including the objetive, in the Results section, and also in the

Discussion, as suggested by the reviewer.

2) In the conclusion (line 378-380) the authors witie ‘“The strategy of strengthening the
law (28/2005) to extend to hospitality venues withut exception was clearly effective”.
Although this statement is not wrong, I find thatti should be highlighted that what they
actually study is the effect of both laws.

According to the reviewer's advice, we now stressn the conclusion that we studied both laws in
the first sentence. Once this first sentence is hiplighted, we are inclined to maintain the second

sentence.

Reviewer #3

This paper presents the results of two cross-sectinal surveys, one before there were any
legal restrictions on where one could smoke and onafter comprehensive legislation was in
place in Spain. The authors collected data on selfieported exposure and also an objective
biomarker of exposure (cotinine). Both dropped follwing implementation of the
legislation, with much larger drops in cotinine tha self-report.

The fact that the cotinine dropped by so much (88% js very important and deserves more
prominence in the results. The fact that the cotimie dropped so much suggests that, while

people are still getting some (albiet much less) eposure in the various venues the authors
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studied, the intensity of exposure in these venueds much less. (The authors only assessed
WHETHER people were exposed in the venues, not HOWMUCH.)

The finding that there were big increases in (volumary) smokefree homes is a very
important finding that deserves more emphasis and Wwich should be presented in more
positive terms. Right now they authors just mentiorthe substantial increase in smokefree
homes as evidence that there was not displacement fs smoking into homes when smoking
was restricted in workplaces and public places. ThH is no doubt in response to such
predictions (made by the tobacco companies and policians sympathetic to the tobacco
companies), but there was never any meaningful datao support these assertions. Rather
than repeating these (groundless) assertions and sging that they are wrong, the authors
should affirmatively present their results as demostrating the positive side effect of the

law as stimulating voluntary smokefree home policie.

Two related papers that deal with this point (whiclbught to be integrated into this paper)
are:

Association between smokefree laws and voluntary smkefree-home rules. Cheng KW,
Glantz SA, Lightwood JM. Am J Prev Med. 2011 Dec;406):566-72. doi:
10.1016/j.amepre.2011.08.014

Association between clean indoor air laws and volumary smokefree rules in homes and
cars. Cheng KW, Okechukwu CA, McMillen R, Glantz &. Tob Control. 2013 Oct 10.
doi: 10.1136/tobaccocontrol-2013-051121. [Epub ahed of print]

We appreciate the reviewer's comment and have stresed it in the Discussion section as well as

in the Conclusion.

Specific comments:
Line 139: What is the power associated with these alculations? 80% ?
As already mentioned in the Methods section, the bta error (type II error) was 20%, and

statistical power is 1-beta (this is 80% in this sidy).

Line 261: Here the authors say that there was no gnificant change in workplace
exposure, but later on the same page (line 271) thg say there was. This inconsistency
needs to be resolved (and the abstract revised accodingly).

We consider the results are correct. We observed adecline in SHS exposure in workplaces. In
line 261, the results are not adjusted for sex, age and educational level and in that case the
decrease in SHS was not significant. In line 271 weexplained that after controlling for those

variables the decline was significant.
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Line 264: If is not clear what these percentages ae percentages of.

These percentages follow the scheme used in the preedent line when beginning to report the
prevalence of exposure to SHS in 2004-05, in 2011-2, and the corresponding relative
reduction. In order to be not repetitive, we do notinclude by each percentage all the

information.

Line 381: Replace '"there was no displacement of SHSxposure due to increased smoking
in this setting'' with ''the social norm changes reficted in the law lead to increases in
voluntary smokefree policies, further reducing expsure to SHS."'

We changed the sentence according to the previous omment.

Table 1 (and associated discussion): Was the fact hat exposure in several venues was
already low before the law took effect the reasonliat there were not bigger relative drops
in self-reported exposure? (Also see earlier pointabout the fact that cotinine dropped
much more than the self-reported exposures in Tablel.) Revise the text and abstract
accordingly.

Although we concur with the reviewer that some prealence of exposure to SHS before the
legislation could be considered low in some of thesettings (because smoking was already
regulated totally or partly in those settings, suchas workplaces and transportation), we do not
agree with the interpretation. All relative reducons ranged between 12% and 40%, which
cannot be considered low. We believe that in this ase it is more informative to use the relative
reduction rather than the absolute reduction (ie, & home the prevalence of exposure to SHS
decreases from 32.5% to 27.6%, "just" 4.9 points ofprevalence, but a relative reduction of

15.1%).

Table 2: Suggest changing ''percentage change' to 'prcentage reduction' in the table
and also in the discussion of this table in the tek and abstract. These large across-the-
board reductions are impressive and should be stresed.

We prefer "change" because it is a more neutral tem and we did not knowa priori whether a
change would occur and in which direction --althouly our hypothesis was a reduction. Thus,

we are inclined to maintain "percentage of change".

2. Has the statistical analysis been performed appepriately and rigorously?
Reviewer #1: Yes
Reviewer #2: Yes

Reviewer #3: Yes
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Reviewer #1

In addition, adult smoking prevalence in Barcelonaver the period from 2005 to 2012 can
be presented. This will help to know the trend in dbacco use prevalence. Is there any
correlation between change in adult smoking prevalace and exposure to SHS?

As previously commented, higher smoking prevalenceates do not correlate with the proportion
of people exposed to SHS. We prefer not to includedata on smoking prevalence in Barcelona

since the focus of the study is SHS.

Reviewer #2
The analyses seem to be appropriate; adjusting forcommon confounders and accounting

for the skewed distribution of cotinine concentratins.

Reviewer #3

No Response

3. Does the manuscript adhere to standards in thifield for data availability?
Reviewer #1: Yes
Reviewer #2: No

Reviewer #3: Yes

Reviewer #1

No Response

Reviewer #2

The data does not seem to be publicly available.

Reviewer #3

No Response

4. Is the manuscript presented in an intelligible £shion and written in standard English?
Reviewer #1: No
Reviewer #2: Yes

Reviewer #3: Yes
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Reviewer #1

It will be useful to show a schematic diagramme ofthe process with two time periods,
number of subjects interviewed etc for the readerd get a complete picture.

As suggested by the reviewer, we have included a digramme (new Figure 1) with the figures of
participants in both surveys.

If space permits, the summary of the legislation ad key elements for implementation can
be presented.

We explain the main characteristics of the new tobaco smoke-free law and the changes from
the previous law in the paragraph 3 in the Introdution Section, and have expanded with a

sentence on penalties and enforcement.

Reviewer #2

No Response

Reviewer #3

No Response

5. Additional Comments to the Author (optional)

Reviewer #1

Overall a very useful paper which will strengthendbacco control policies.

Can other countries with limited resources do thisstudy without salivary cotinine
stimation? What would have been the difference in liis study if cotinine values were not
available?

The use of an objective, specific biomarker of SHS®xposure was to reduce the information bias
derived from the use of a questionnaire. The high eduction in cotinine levels corroborates the
self-reported reduction in SHS by non-smokers. Sindar cross-sectional studies not including
cotinine are also of value and have been used in dter jurisdictions, although the validity of the

study is higher when cotinine is available.

Reviewer #2

I find that this is a well-written paper on an inteesting topic. The methodology is not new
or very advanced, but the study seems to be soundlyperformed; especially it is good that
self-reported data is supplement by objective biomnkers. Evaluations of smoking laws are
very relevant from a policy perspective. If the cooments made below and in section #1 are

taken into consideration I would recommend the pape for publications.
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The authors are aware of the potential problems inslved with using self-reported data
and discuss this (line 344-353). However, it would be good to also discuss the
appropriateness of the questions used from the quesionnaire; I find that the level of detail
varies quite a bit between the questions (only someinclude exposure time or dose), but
they are all included in the same way in the analyis.

We agree with the reviewer that the questions to asess SHS exposure were different in some
cases depending on the setting. But in this manusapt we did not analyze how much non-
smokers were exposed but if they were exposed or no At the end, all the questions used were
valid to derive a dichotomous variable of exposurdo SHS at different settings studied: (1) non-
exposed individuals, which included those with no gposure according to answers to both

questions, and (2) exposed individuals, which inclded all others.

Individuals aged 16 years and older were includedn the study. It would be good if the
authors could briefly inform what the legal minimumage for smoking is in Spain — or
whether there is no such minimum age.

The law prohibits sales of tobacco to age 18. We rstricted the age of participant to obtain
reliable and direct information on both tobacco comumption and exposure to SHS. Usually,

information from minors is obtained from proxies, bt we excluded people <16 years old.

Reviewer #3

No Response)

6. If you would like your identity to be revealed ¢ the authors, please include your name

here (optional).
Reviewer #1: (No Response)

Reviewer #2: (No Response)
Reviewer #3: (No Response)
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Carta de aceptacion del manuscrito en PLOS ONE

PONE-D-13-43607R1
Impact of the Spanish smoke-free legislation on adit, non-smoker exposure to secondhand

smoke: cross-sectional surveys before (2004) and afr (2012) legislation

Dear Dr. Sureda,

I am pleased to inform you that your manuscript hasbeen deemed suitable for publication in
PLOS ONE. Congratulations! Your manuscript will nowbe passed on to our Production staff,
who will check your files for correct formatting ad completeness. During this process, you
may be contacted to make necessary alterations to gur manuscript, though not all manuscripts

require this.

Please check the accepted PDF of your manuscript vey closely. THERE IS NO AUTHOR
PROOFING. You should consider the accepted PDF or ay corrected files you upload during
the production process as equivalent to a productia proof. If you would like to make any
corrections to your manuscript, please email our Rvduction team (one_production@plos.org) as
soon as possible with your request. The text you spply will be faithfully represented in your
published manuscript exactly as you supply it. Thiss your last opportunity to correct any errors
that are present in your manuscript files.

Now that your manuscript has been accepted, pleaselog into Editorial Manager at
http://www.editorialmanager.com/pone, click the "Ugate My Information" link at the top of the
page, and update your user information to ensure arefficient production and billing process. If
you have any questions about billing, please contatauthorbilling@plos.org.

If you or your institution will be preparing pressmaterials for this manuscript, you must inform
our press team in advance. We no longer routinely spply publication dates to authors; if you
need to know your paper's publication date for med purposes, you must coordinate with our
press team. Your manuscript will remain under a stict press embargo until the publication date

and time. For more information please contact onepess @plos.org.

Please contact one_production@plos.org if you haveany other questions or concerns. Thank

you for submitting your work to PLOS ONE.

With kind regards,
Thomas Behrens
Academic Editor
PLOS ONE
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Anexo 7. Proceso editorial del articulo publicado en Environmental Health
Perspectives

Second-hand tobacco smoke exposure in open and sembpen settings: a systematic review
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Carta de presentacion del manuscrito a EnvironmenthHealth Perspectives

Prof. Hugh A. Tilson
Editor-in-Chief

Environmental Health Perspectives

Dear Prof. Tilson:

Please find enclosed our manuscript “Second-Hand Tbacco Smoke Exposure in Open and
Semi-Open Settings: A Review” for your consideratio in Environmental Health Perspectives as
a Review paper.

As a consequence of workplace indoors tobacco regutions, many smokers have moved to
particular outdoor settings and some controversy eksts regarding whether smoking should be
prohibited in those settings. Secondhand smoke expsure has been commonly studied in
different indoor locations; however, outdoor seconand has been scarcely evaluated. The
objective of the present study is to review researh on secondhand smoke exposure in outdoor
settings. The reviewed evidence identifies high SHSlevels at some outdoor smoking areas,
especially those that are semi-enclosed, and alson the adjacent smoke-free indoor areas.

To the best of our knowledge, this is the first reiew of secondhand smoke exposure in outdoor
settings; we believe its results and implications my be of the interest of the international

audience of EHP.

Suggested reviewers:

James Repace, Repace Assoc., repace @comcast.net

Luke Clancy, TobaccoFree Institute Ireland, Iclanc@tri.ie

Sean Semple, University of Aaberdeen, sean.semple@bdn.ac.uk

John P. Pierce, Unversity of California, San Diegojppierce @ucsd.edu

All the authors carefully read the manuscript and dlly approve of it. In their name I also declare
that the manuscript is original and it is not submtted anywhere other than your journal. All the
authors declare to have no conflict of interest. Wewould of course be ready to provide further
information about our data and methods you so desi.

Correspondence about the manuscript should be addresed to me as indicated in the first page of
the manuscript.

Thank you very much for your kind attention. Wittbest regards,
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Yours sincerely,

Esteve Fernandez, MD, PhD
Head, Tobacco Control Research Unit, Institut Catal d'Oncologia
Associate Professor of Epidemiology & BiostatisticsUniversitat de Barcelona

E-mail: efernandez@iconcologia.net

Respuesta del editor y comentarios de los revisoresle Environmental Health Perspectives

11 September 12

Dear Mrs. Sureda:

Manuscript ID 12-05806-REV titled "Second-Hand Tobaco Smoke Exposure in Open and
Semi-Open Settings: A Review" which you submitted ¢ Environmental Health Perspectives,

has been reviewed. The comments are included at th bottom of this letter.

The reviewer(s) have recommended some major revisins to your manuscript. Therefore, 1
invite you to respond to the comments and revise yor manuscript. You have six weeks from the
date of this letter to complete your revisions. Ifyou require additional time, you must contact us
by e-mail [EHPManuscripts@niehs.nih.gov] PRIOR TO HE DUE DATE to request an

extension, otherwise your paper will not be availate for revision.

Note: Papers for which major revisions are recommeded have a low to moderate overall rating
that the Associate Editor believes might be improvd with significant revisions. Significant
revisions may include substantial or extensive chages in the text, figures, or tables. Additional
experiments, data collection, analyses, or new infomation may also be required. It is possible
that the paper may not be accepted even if additionl material is provided since the new
information may not support the original conclusios or may uncover other serious problems
that would warrant rejection. Manuscripts that areesubmitted after major revisions will be sent

back to reviewers for reevaluation.
Please refer to your revision checklist (attachedfor formatting guidelines. Please observe EHP

length limitations when revising your manuscript. Rvised manuscripts that substantially exceed

length limitations may be returned for shortening bfore being sent out for review.
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EHP word limits (including the title page, keywordsabstract, main text, references and tables,
plus 250 additional words for each figure):

o Research articles: 7,000 words

o Reviews, Substantive Reviews, QuantitativaReviews or Meta-Analyses: 10,000 words

. Emerging Issues Reviews: 5,000 words

. Commentaries: 5,000 words

To revise your manuscript, log into http://mc.manusriptcentral.com/ehp, enter your Author

Center, and follow the instructions below.

1. Create a Revision

Select “Manuscripts Awaiting Revision.” Under “Actins,” click on “create a revision.” The
manuscript will appear under ‘“Revised Manuscripts i Draft” with the original manuscript
number appended to denote the revision. [Note: youmay also see an option to “Click here to
submit a revision” when you log into your Author Cater. If that option is available you can
select it, and it will automatically create the reision for you.]

. You will need to upload two Word (.doc) vesions of your revised manuscript: one with
tracked changes, and one “clean” version (with alchanges accepted). We recommend that you
begin by generating the revised drafts from a copyof your previously submitted manuscript so
you can refer to specific changes in your responsgo the reviewers. You will be asked to upload

these files at a later time.

2. View and Respond to Decision Letter

View your decision letter and enter your response @ the letter in the space provided. To avoid
losing your work, we recommend that you compose yon response using a word processing
program, then copy and paste the text into the Respnse to the Decision Letter box.

. In order to expedite the processing of yourrevised manuscript, please be as specific as
possible in your response to the reviewer(s). We reommend that you copy the editors' and/or
reviewers’ comments into your response letter and espond to each comment individually,
including the specific changes made in response toeach comment (if any) and where the
changes are located in the revised draft. Adding he numbers to your documents will make it
easier to indicate the location of specific text orchanges. (In Word, go to Format— Document

— Layout — Line Numbers to add line numbers to your documeny.

3. Type, Title, & Abstract
Your original title, running head, and abstract wilbe inserted automatically into the appropriate

fields.
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. If you have revised your title, running hed, or abstract you must delete the old text and

insert the revised text into the appropriate fieldat this time.

4. Attributes

The keywords that you entered for the original subnssion will be automatically inserted.

5. Authors & Institutions

If you have added new coauthors to the paper you mst enter their information here. You may
also edit coauthor information or delete coauthorsf needed.

. NOTE: You must submit a revised competing ifiancial interest (CFI) form if you have

added new coauthors to your paper.

6. Details & Comments

You may enter the text of your cover letter into th space provided or upload your cover letter as
a separate file here.

. Your cover letter should confirm that youmrmanuscript has been submitted solely to EHP
and is not published, in press, or submitted elsewhre, and that all the research meets EHP’s

ethical guidelines, including adherence to the leghrequirements of the study country.

Please answer all of the questions on the Details &Comments page, even if they are also
addressed elsewhere (e.g., in your cover letter).
. Please refer to the link provided for additonal information about EHP’s policies

concerning competing financial interests.

7. File Upload

Upload the revised files shown below. You do not ned to replace files that are unchanged from
the previous draft.

a. A Word (.doc) version of the revised main dcument with all changes tracked or
highlighted. Please indicate material that has beendeleted from the file, in addition to
information that has been added. Select “Word — chages marked” as the File Designation for
this file.

b. A “clean” Word (.doc) version of the revisd main document with all changes accepted.
Select “Main Document” as the File Designation fothis file.

c.  Separate JPG, TIFF, or EPS file for revisedfigures (if needed). Select “Figure” as the File
Designation for each file. You may include more tha one “Figure” file. Please be sure to delete
old versions of “Figure” files as needed. (NOTE: Thles should be included in the main

document, after the references. You do not need tsubmit separate Table files.)
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d. If you have added new authors to the paperpr your situation has changed with regard to
competing financial interests, you must upload a reised competing financial interest (CFI) form
at this time (available at http://ehp.niehs.nih.goxcfi.pdf). Select “CFI Form” as the File
Designation for a revised CFI form. [If you are unble to scan and upload a signed CFI form
please upload an unsigned copy of the CFI form andax the signed form to 919-541-0273.]

NOTE: Previous versions of “Main Document”, “Word —changes marked”, and “CFI Form”
files must be deleted before you can upload new vesions of these files. If a file has not changed

from the previous draft, you don’t need to delete oreplace the file or upload anything new.

9. Review & Submit

You will be prompted for any missing information athis time. You must also review HTML
and PDF versions of your revised manuscript beforgyou will be able to submit your manuscript.
(Note: The PDF version is the file that will be sehto reviewers, so you should confirm that it
appears the way you want it to. We do not use the HML file generated by Manuscript Central,

but you will still be required to open it before ya submit your paper.)

Once again, thank you for submitting your manuscripto Environmental Health Perspectives. I

look forward to receiving your revision.

Sincerely,

Dr. Manolis Kogevinas

Associate Editor, Environmental Health Perspectives

ehpmanuscripts @niehs.nih.gov

Editor's Comments:

This is an interesting paper addressing an importan topic. The paper could be considerably
improved and the authors should respond to the commnts by the reviewers. They should
particularly take care to:

1.  Review the papers suggested by the reviewes and if appropriate include them

2. Follow in the reporting the guidelines propsed by international groups such as PRISMA
(Moher et al 2009, PlosMed) or MOOSE (JAMA 2000). HP does not recommend specific
guidelines for reviews but the authors should havetried to adapt their review, analysis and

reporting following published guidelines. Full repeting of the search process is absolutely

229



necessary and inclusion of a flowchart would be hgiful (see PRISMA). Basic information on
the search process should also be included in the bstract.

3. Results and discussion of the results shoud try to adapt to some of these guidelines. For
example, although publication bias is probably notan issue in this area, we actually do not
know this. If possible, this should be evaluated. If not, indicate why you could not evaluate
publication bias.

4. It would be clearly helpful to follow the ecommendation of Rev2 to distinguish between
the hospitality industry and other venues.

5. A minor but rather preoccupying point is tht the authors mistook the location of the 2
studies conducted in Athens, Georgia (USA), for theex-Soviet Republic Georgia. Such
mistakes may happen but this could also be a sign 6 non-careful reading of the full paper. There
are no other obvious mistakes to my understandinghowever, I would strongly recommend that
the authors reviewed again the full papers.

6.  Try and suggest one or 2 Figures summarizig the results. I understand that it is probably
impossible to do a meta-analysis, but this type ofnarrative reviews are very hard to follow.
Readers would be helped if they could see a summaryf the most important results.

7. In the discussion the authors suggest thatmore and better studies are needed. Suggest
which are the main areas where an improvement in mthods could be addressed in new studies.
This does not have to be long, something short ancconcise.

8. The aim of the paper as described in linesl 35-136 is incomplete. Complete the objectives
by moving to the introduction probably the sectionlescribed in lines 190-196.

9.  Introduction. The second and first sentencesay the same thing

10.  Line 190. “Disparities”, is not the appropiate word here; you probably mean differences,

different methodologies

Reviewer(s)' Comments:

Reviewer: 1

Sureda et al. in their review paper, Second-Hand Tbacco Smoke Exposure in Open and Semi-
Open Settings: A Review, note that some countriehave recently extended smoke-free policies
to certain outdoor settings; and note that there iscontroversy regarding whether this is
scientifically and ethically justifiable. They conlude that the available evidence identifies high
SHS levels at some outdoor smoking areas, as well s the adjacent smoke-free indoor areas, but
that further research and standardization of methodlogy are needed to better understand the

results, and to evaluate the need to extend smoke-fee legislation to outdoor settings.
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Their review includes 16 articles and reports. Thi reviewer suggests adding two more

published papers:

Outdoor air pollution in close proximity to a confiuous point source

Neil E. Klepeis*, Etienne B. Gabel, Wayne R. Ott, Rul Switzer. Atmospheric Environment 43
(2009) 3155-3167.

Repace JL. Benefits of smoke-free regulations in otdoor settings: beaches, golf courses, parks,
patios, and in motor vehicles. William Mitchell Lw Review 34(4):1621-1638 (2008), online

at http://www.repace.com/reports.html.

And possibly two more academic reports presented atonferences and available on the internet:

Smoke infiltration in apartments, 2011 (pdf file 2.1MB), pages 19 & 20 only.
Indoor and outdoor carcinogen pollution on a cruisship, 2004. At:

http://www.repace.com/reports.html.

The paper is well-written, and one cannot disagreewith the conclusions. It is clear from the
research this reviewer has conducted, however, thatsecondhand smoke can travel over
significant distances outdoors, can present a healt hazard to workers in outdoor cafes, and a
nuisance to many nonsmokers in public settings suchas sidewalks, parks, and beaches, and the
authors may wish to note that some cities in Califonia and New York have banned smoking in

parks and beaches.

Reviewer: 2

This non-systematic review addresses a topic of imprtance; however a few rough edges
remain, while the presentation of the results shoul focus on seperating the venues by type

which is of interest to legislators and scientists

Major comments

. My initial comment is on the study methodaldgy, as the research performed seems like it
was not done the way a systematic review is usuallyperformed. I.e. specific combinations of
terms, two researchers, a flow chart, etc. While sme of the above are noted, and thus it is
possible that this is a systematic review, this shald be clarified and thus should conform to the

guidelines for a systematic review. If not, pleasestate that this is not a systematic review
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. Due to the use of many different settings the studies, I strongly recommend grouping the
same venue types together. The authors mention park streets, airports, campus, bars etc. From
a policy and exposure perspective it would be of moe interest to group bars and restaurants (i.e
hospitality industry) together as this would be thearea of potential legislation in the future.
Based on the above point, the results should be restructured.

Minor comments

. Page 4, line 79, “mixture of thousands of gses”, I recommend replacing “gases” with
“compounds”
. Page 4, Lines 88, 92, the authors mention anumber of short term effects of SHS exposure,

however they do not note the most severe or the mos recent. Acute SHS exposure may also
impair arterial stiffness, heart rate variabilityhormone production etc. (flouris et al. 2010, Pope
et al., 2001; frey 2012 etc.)

. Page 5, lines121-122, the authors mentionltat “outdoor smoking bans might also support
smokers.....consumption” while plausible, this wouldieed a supporting reference at least.

. Page 7, line 176. The authors mention “Geogia”. This actually refers to Georgia in the
USA, not Georgia the country. Please correct.

. Page 8, line 180,181. The authors mention ae study that used a personal biological
marker. Recently in EHP another article was publishd with NNAL measured (a tobacco
specific carcinogen). During a small review withinPubmed the following recently published
article appeared. Please include it in your reviewSt Helen G, Bernert JT, Hall DB, Sosnoff CS,
Xia Y, Balmes JR, Vena JE, Wang JS, Holland NT, Naker LP. Exposure to secondhand smoke
outside of a bar and a restaurant and tobacco exposre biomarkers in nonsmokers. Environ
Health Perspect. 2012 Jul;120(7):1010-6. Epub 2012Apr 6.

. Page 8 line 194-196. The authors mention tht their 4th structuring in the results was to
“comply with air quality standards established by te WHO”. We should keep in mind, that
while PM, s is a common regulatory marker, SHS does not containonly PM, s but numerous

other compounds that air pollution may not contain.Caution is needed in comparing SHS
studies with WHO guidelines.

. Page 10, line 242. This sentence “Boffi....idoors” seems out of place, does it belong to
the paragraph above?

. Page 12, line 299. Within the Wilson studythe high levels of SHS in the smoke free venue
were attributable to “SHS drift” i.e. SHS entering smoke free venue. Please state this clearly in

that section.

. Page 13, line 324. The authors note the lage differences in exposure, please separate this
by source.
. I am not sure of the relevance of the SHS dvels and air quality standards section in the

discussion. While interesting I am not sure if itd needed.
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. Within the limitations section the authorsnote that “further research should either record
the presence of other sources of combustion etc.. his is correct, however I would note that
usually in most studies background levels are remowd from the total PM s concentrations
during the analysis.

. In the table I would transform the CARD reslts into pg/m’ from mg/m’. so that the results

are comparable with the other studies.

Respuesta a los revisores de Environmental Health Prspectives

Response to Editor and Reviewers’ comments

We thank the editor and reviewers for the useful cmments and include them below with their

respective answers, indicating when necessary any hanges made to the manuscript.

Editor's Comments:

Thank you very much for the opportunity to revise ad resubmit the manuscript according to the

useful comments.

1. Review the papers suggested by the reviewers andf appropriate include them.

As the editor suggest, we have included two more aicles that fit with the inclusion criteria, one
suggested by reviewer #2 (St Hellen et al. 2012) ad another just published (Lépez et al. 2012).
Both articles were published after the submission b the present review to EHP. We have
updated the search up to September 2012, and haventroduced the corresponding changes in the
Results section (and the new flow chart).

- Lopez MJ, Fernandez E, Gorini G, Moshammer H, Polaska K, Clancy L,
Dautzenberg B, Delrieu A, Invernizzi G, Munoz G, Pecioso J, Ruprecht A,
Stansty P, Hanke W, Nebot M. 2012. Exposure to secondhand smoke in terraces ad
other outdoor areas of hospitality venues in eightEuropean countries. PLoS ONE
7:e42130.

- St HG, Bernert JT, Hall DB, Sosnoff CS, Xia Y, Balms JR, Vena JE, Wang JS,
Holland NT, Naeher LP. 2012. Exposure to secondhand smoke outside of a br and a
restaurant and tobacco exposure biomarkers in nonsmkers. Environ Health Perspect

120:1010-1016.

2. Follow in the reporting the guidelines proposedby international groups such as

PRISMA (Moher et al 2009, PlosMed) or MOOSE (JAMA @00). EHP does not
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recommend specific guidelines for reviews but the athors should have tried to adapt their
review, analysis and reporting following publisheduidelines. Full reporting of the search
process is absolutely necessary and inclusion of aflowchart would be helpful (see
PRISMA). Basic information on the search process shuld also be included in the abstract.
As also commented by Reviewer #2, we want to clarif about the nature of this review. In fact,
when we designed and planned this study we wanted ¢ perform a systematic review and, if
possible, with a meta-analysis. Thus, we used the mthods for systematic reviews but after
retrieving the papers, it seemed more appropriate ¢ us not to label our work as systematic
review because of the heterogeneity of the result{and also this prevented us to perform a meta-
analysis to obtain a summary measure of the concentation of PM, s or nicotine in the studies
reviewed). However, we have reconsidered it in lighof the comments received, acknowledging
that perhaps our criteria was so strict. Therefore,we are inclined now to label the work as a
systematic review and hence we have introduced althe elements in our report according to the
PRISMA Statement that were lacking in the previousersion. Please see the rewritten Abstract,
Methods and Results sections of the manuscript (Abwact now including: Data sources and
study selection; Methods now including: PubMed seath syntaxis, study selection, data
collection procedures; Results section now includig: flow chart of studies considered, separate
tables, and a new figure to graphically present themain results —without summary measure

because we do not perform a meta-analysis).

3. Results and discussion of the results should tryto adapt to some of these guidelines. For
example, although publication bias is probably notin issue in this area, we actually do not
know this. If possible, this should be evaluated.If not, indicate why you could not evaluate
publication bias.

Please see our response to the previous comment. Inaddition, we have included in the
Discussion the topic of publication bias. We are nbable to assess it using the typical funnel plot

used in meta-analysis but have done some considerapns:

Publication bias is a potential source of error insystematic reviews. In ours, we
searched the available literature in PubMed, the min biomedical database, in
addition we searched in Google Scholar and check fo cross-references. Thus, we
were able to identify documents not published in aeademic journals. However, the
possibility of non-including non-published manuscpts or other documents
addressing the topic of interest is low. This fieldf research is a new and emerging
one with most research devoted to describe the levls of SHS outdoors. Thus, no
“negative” nor “positive” results are expected, buthe accurate description of the

exposures. This should prevent, al least theoreticHy, publication bias.
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4. It would be clearly helpful to follow the recommndation of Rev2 to distinguish between
the hospitality industry and other venues.
We appreciate the comment and accordingly we have ibtinguished between hospitality industry
and other venues. We have splitTable 1 into two tables: Table 1 presents the descriptiomf the
studies concerning to hospitality venues and Table2 presents the description of the studies
including the other venues. In the case that one aticle refers to both settings, we have included
that article in both tables (with the relevant infomation to the specific setting).
Accordingly, we have rewritten the third paragraphn results section as follows:
“The studies included between 5 and 127 locations.Depending on the specific
study objectives, different locations were tested. Most of the studies were
conducted in hospitality venues such as pubs, restarants, bars, cafés and outdoor
dining areas. Table 1 shows a description of the stdies including hospitality
venues. In Table 2 we have included the informatiomof studies in other locations
such as entrances to buildings and the adjacent idoor area, transportation settings,

parks, streets, university campuses, and one juniorcollege campus.”

Other changes regarding this comment --we have rewitten the paragraph in the Results section

under “Indoor and outdoor SHS levels’heading:
The most common topic identified was describing SHSlevels both indoors and
outdoors in different settings in the presence or bsence of smoking. PM, s mean
concentrations outdoors across the studies carriedout in hospitality venues ranged
between 8.32 pg/ni(Stafford, Daube, & Franklin, 2010) and 182 pg/m (Hall et al.,
2009) when smokers were presence. In non-hospitality venues, PM;
concentrations in outdoor settings range between 40 pg/m’ (Boffi, Ruprecht,
Mazza, Ketzel, & Invernizzi, 2006) and 17.80 pg/rﬂ (Boffi et al., 2006). In one
experimental study, SHS levels were provided for hepitality venues and other
settings combined and they obtained an overall PMs mean of 30 pg/nt(Klepeis,
Ott, & Switzer, 2007). In the same experimental stdy PM,s concentrations
reached values of 200 pg/m and 500 pg/nt depending of other external
conditions, apart from tobacco (Klepeis et al., 20@). SHS in indoor settings where
smoking was banned but near outdoor smoking areas aried from 4 pg/nt
(Kaufman, Zhang, Bondy, Klepeis, & Ferrence, 20100 120.51 pg/m3.(Lopez et
al., 2012) both studies carried out in hospitalitywenues. Indoor SHS levels far away
from outdoor tobacco sources were lower(Sureda et h, 2011; Wilson, Edwards, &

Parry, 2011).
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Other changes regarding this comment --we have rewitten the paragraph in the Discussion

section under “SHS levels and Air Quality Standards heading:
In general, the outdoor SHS levels obtained in thedifferent studies were high,
particularly in hospitality venues where PMs concetrations range between 8.32
ug/m’(Stafford et al., 2010) and 182 ug/mi (Hall et al., 2009) when smokers were
presence. Indoor areas adjacent to outdoor smokingreas also showed considerable
SHS levels. Hall et al. (2009) and St Helen et al(2012) demonstrated that people
had higher saliva cotinine concentrations followingexposure to terraces outside
bars and restaurants when smoking was allowed, thamfter exposure to smoke-free
terraces. These results suggest that especially hopitality workers and also patrons
can be exposed to high SHS levels under certain coditions. Although these
outdoor SHS levels are more transient than indoordvels and can immediately drop
to background levels they merit consideration and ts health effects under these

conditions be further studied

5. A minor but rather preoccupying point is that th authors mistook the location of the 2
studies conducted in Athens, Georgia (USA), for theex-Soviet Republic Georgia. Such
mistakes may happen but this could also be a sign bnon-careful reading of the full paper.
There are no other obvious mistakes to my understading; however, I would strongly
recommend that the authors reviewed again the fulpapers.

We thank the comment. We read this and all the othe papers carefully and know that the useful
papers from St Helen, Hall and colleagues come fromthe USA. Unfortunately we committed
this error in the final process of composing the thles and it was transferred to the Results
section. Accordingly, we have clarified it in theables and in the second paragraph of the results

section:

“Table 1 and table 2 present descriptions of the inluded studies and their main
findings. The papers were published between 2005 ad 2011, and the studies were
conducted in Australia @ = 3), Canada (@ = 2), New Zealand ¢z = 4), the United
States (n = 6), Denmark (n=1), Spain (n=1) and a multicentestudy in 8 European

countries (n=1).”

6. Try and suggest one or 2 Figures summarizing theresults. I understand that it is
probably impossible to do a meta-analysis, but thitype of narrative reviews are very hard
to follow. Readers would be helped if they could se a summary of the most important

results.
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We agree with the editor that a figure makes easierto follow the review. While a figure
including all the results is hard itself to be draw, we believe that the most important results can
be summarized in a figure. We have plotted in a figre those studies measuring PM s in outdoor
settings splitting the results by hospitality/non-bspitality and presence/absence of smokers in
the nearby. Unfortunately, we are not able to inclde 95% confidence intervals of the point
estimates of the studies because this information ws lacking in the papers reviewed. In some
cases, we have computed the summary statistics fora study from the range of concentrations
presented in the paper or from the individual datapresented. Finally, we have decided not to
compute an overall summary measure given the dispaty of statistics used in the papers

(medians, arithmetic and geometric means).

7. In the discussion the authors suggest that moreand better studies are needed. Suggest
which are the main areas where an improvement in m¢hods could be addressed in new
studies. This does not have to be long, something hort and concise.

We appreciate the editor’s comment. We consider tha improvement in methods has been
suggested through Discussion section but we agree ti seems diffusely and inconsistently
explained. Therefore, we have added a paragraph atthe end of the conclusion section as

follows:

“New studies should face improvements in the methodlogy used and in the
presentation of results: it is time to conduct studks using representative samples of
the locations; the standardization of statistical aalysis using the samemeasures of
central tendency (or systematically including diffeent statistics such as medians
and means) and including measures of variability (sandard errors, confidence
intervals or quartiles); to consider potential modiiers of SHS levels that include
necessarily smoker density and degree of enclosuremnt of the outdoor locations
and, secondary, wind speed and direction and proxirity to smokers. Finally,
further research is necessary to determine which wold be the most appropriate
SHS marker. Although, PM 5 is the most commonly used it could be useful to
combine PM, s measures with other specific SHS environmental markrs (such as
airborne nicotine) or even combining them with a spcific personal biological

marker (ie, cotinine in saliva).”

8. The aim of the paper as described in lines 135-36 is incomplete. Complete the

objectives by moving to the introduction probablylte section described in lines 190-196.
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We thank the editor for this specific comment. Aslie editor mention we have completed the
objectives by moving to the last paragraph of the dtroduction the fourth paragraph of the
Results section as follows:
“The aim of the present study is to review researchon objectively assessed SHS
levels in outdoor settings. The specific questionsto be addressed are: a) What are
the indoor and outdoor SHS concentrations when smolng occurs and when it does
not? How can a ban influence indoor and outdoor SHSlevels? b) What is the
relation between outdoor and indoor SHS levels? Canoutdoor tobacco levels
modify indoor air quality? c¢) What variables can ifluence both outdoor and indoor
SHS concentrations? d) Do the SHS levels obtainedn the studies comply with the

Air Quality Standards established by the World Heah Organization?”.

9. Introduction. The second and first sentence saythe same thing.
We also agree with this comment and we have removedhe second sentence in the Introduction

section: “SHS contains over 4,500 compounds found bth in vapor and particle phases”.

10. Line 190. ‘“Disparities’, is not the appropriateword here; you probably mean
differences, different methodologies.
We need not to do the change suggested by the edito because we have removed the sentence

containing this word from the manuscript (see respnse to question 8).

Reviewer(s)' Comments:

We thank the reviewers for their positive and thouhtful comments that help us to improve the

manuscript.

Reviewer: 1

Sureda et al. in their review paper, Second-Hand Thacco Smoke Exposure in Open and
Semi-Open Settings: A Review, note that some counties have recently extended smoke-
free policies to certain outdoor settings; and notethat there is controversy regarding
whether this is scientifically and ethically justifble. They conclude that the available
evidence identifies high SHS levels at some outdoolsmoking areas, as well as the adjacent
smoke-free indoor areas, but that further researchand standardization of methodology
are needed to better understand the results, and tevaluate the need to extend smoke-free

legislation to outdoor settings.
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Their review includes 16 articles and reports. Thi reviewer suggests adding two more

published papers:

Outdoor air pollution in close proximity to a contiuous point source
Neil E. Klepeis*, Etienne B. Gabel, Wayne R. Ott, Rul Switzer. Atmospheric
Environment 43 (2009) 3155-3167.

Repace JL. Benefits of smoke-free regulations in otdoor settings: beaches, golf courses,
parks, patios, and in motor vehicles. William Mithell Law Review 34(4):1621-1638
(2008), online at http://www.repace.com/reports.htrh

And possibly two more academic reports presented atconferences and available on the

internet:

Smoke infiltration in apartments, 2011 1(pdf file 2.1MB), pages 19 & 20 only.

Indoor and outdoor carcinogen pollution on a cruisehip, 2004. At:

http://www.repace.com/reports.html.

The paper is well-written, and one cannot disagreewith the conclusions. It is clear from
the research this reviewer has conducted, howeverthat secondhand smoke can travel over
significant distances outdoors, can present a healt hazard to workers in outdoor cafes,
and a nuisance to many nonsmokers in public setting such as sidewalks, parks, and
beaches, and the authors may wish to note that somecities in California and New York

have banned smoking in parks and beaches.

We agree with the reviewer’s comments about the haard to workers in outdoor cafes.
According to the editor and the reviewer #2 commerst we have stressed this issue in the Results
section and with have split Table 1 into two tables, one focused on hospitality venues(see
response to editor’s question 4). We also have commnted in the Introduction that one of the
reasons in favor of banning smoking in some outdoorocation is the nuisance from SHS to
many nonsmokers and that some countries have just etended smoking bans to some outdoor
locations, as suggested by the reviewer.

Regarding to the papers suggested by the reviewerafter carefully reviewing them we consider
they do not fit with the inclusion criteria of oursystematic review. Anyway we have included
the second paper recommended to support some statemants given in the Introduction. The

reasons not to include the other papers are given blow:
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Outdoor air pollution in close proximity to a contiuous point source. Atmospheric
Environment 43 (2009) 3155-3167.> One of the inclusion criteria was that the paper stdied
air pollution outdoors specifically derived from SE. This article is not specific of SHS but air

pollution in general.

Benefits of smoke-free regulations in outdoor settigs: beaches, golf courses, parks, patios,
and in motor vehicles. William Mitchell Law Review 34(4):1621-1638 (2008), online at

http://www.repace.com/reports.html > This report does not only study SHS exposure in

outdoor settings but also it explains benefits of moke-free regulations and smoke-free outdoor
policies just implemented. One of its chapters menbns other studies of outdoor tobacco smoke

concentrations already included in the present rewdw (when they fit the inclusion criteria).

Finally we have only included published articles ad reports or pieces of work available on the
internet but not academic reports presented at condrences. Anyway, during the submission of
the present review to EHP we found two more article that fit the inclusion criteria and we have

included them (please see response to editor’s quetion 1).

Reviewer: 2

This non-systematic review addresses a topic of imprtance; however a few rough edges
remain, while the presentation of the results shoul focus on seperating the venues by type

which is of interest to legislators and scientists

Major comments

¢ My initial comment is on the study methodology, athe research performed seems like it
was not done the way a systematic review is usuallyperformed. L.e. specific combinations
of terms, two researchers, a flow chart, etc. Whilsome of the above are noted, and thus it
is possible that this is a systematic review, thishould be clarified and thus should conform
to the guidelines for a systematic review. If notplease state that this is not a systematic
review.

We thank the reviewer for this comment. Accordinglywe have followed his/her advice, as also
recommended by the editor. Please, see detailed reponse to the editor’s comment above

(question 2).
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* Due to the use of many different settings in thetudies, I strongly recommend grouping
the same venue types together. The authors mentiomparks, streets, airports, campus, bars
etc. From a policy and exposure perspective it woul be of more interest to group bars and
restaurants (i.e hospitality industry) together asthis would be the area of potential
legislation in the future. Based on the above pointthe results should be re-structured.

We do agree with the reviewer and have split the thle into two tables, one for hospitality
settings and another one for the other settings, ad have referenced it at the beginning of the
Results section. Within the Results section, we hag maintained the former structure which fits
the specific questions to be addressed by the reviev, as also requested by the editor. Please, see

detailed response to the editor’s comment above (qastion 4).

Minor comments

* Page 4, line 79, “mixture of thousands of gases”J] recommend replacing “gases” with
“compounds”.

Done.

* Page 4, Lines 88, 92, the authors mention a numbe of short term effects of SHS
exposure, however they do not note the most severeor the most recent. Acute SHS
exposure may also impair arterial stiffness, heartate variability, hormone production etc.
(flouris et al. 2010, Pope et al., 2001; frey 2012%tc.)

We have included more recent references about shorterm effects of SHS exposure as

suggested by the reviewer (Junker et al., 2001; Flaris and Koutedakis 2011; Pope et al., 2001).

* Page 5, lines121-122, the authors mention that ‘‘atdoor smoking bans might also
support smokers.....consumption” while plausible, thi would need a supporting reference
at least.

We have added a reference (Williams et al., 2009) spporting the statement.

* Page 7, line 176. The authors mention “Georgia”This actually refers to Georgia in the
USA, not Georgia the country. Please correct.

Done. Please see response to Editor’s comment #5.

*Page 8, line 180,181. The authors mention one studythat used a personal biological
marker. Recently in EHP another article was publishd with NNAL measured (a tobacco
specific carcinogen). During a small review withinPubmed the following recently

published article appeared. Please include it in yar review. St Helen G, Bernert JT, Hall
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DB, Sosnoff CS, Xia Y, Balmes JR, Vena JE, Wang JSHolland NT, Naeher LP. Exposure
to secondhand smoke outside of a bar and a restaurat and tobacco exposure biomarkers
in nonsmokers. Environ Health Perspect. 2012 Jul;1@(7):1010-6. Epub 2012 Apr 6.

Done. Please see response to Editor’s comment #1.

. Page 8 line 194-196. The authors mention tht their 4th structuring in the results was
to “comply with air quality standards established b the WHO”. We should keep in mind,
that while PM,; is a common regulatory marker, SHS does not containonly PM, s but

numerous other compounds that air pollution may notcontain. Caution is needed in
comparing SHS studies with WHO guidelines.

It is clear that Air Quality Standards refer to PM;s derived from any source of combustion. In
any case, PM, 5 are harmful by themselves, and SHS contains otherdxics and carcinogens not
in particulate form (ie, nicotine present in SHS smke is mostly in vapor-phase form). We have
used this standard because it has been used in preious studies of SHS measured throw PMs.

Thus, we are inclined to maintain these paragraphsn their present form.

* Page 10, line 242. This sentence “Boffi....indoors’seems out of place, does it belong to
the paragraph above?

We agree with the reviewer and we have removed thisentence to the preceding paragraph.

e Page 12, line 299. Within the Wilson study the kgh levels of SHS in the smoke free
venue were attributable to “SHS drift” i.e. SHS emdring a smoke free venue. Please state
this clearly in that section.
We have clarified this point as suggested:
“However, an Australian study(Edwards & Wilson, 201) showed higher indoor
concentrations associated with the door being operfor more time and allowing the

drift of tobacco smoke from outside smokers to thandoors”

* Page 13, line 324. The authors note the large diferences in exposure, please separate this
by source.

We do not fully understand the reviewer’s commentAll the papers included in this paragraph
assessed SHS exposure from cigarette combustion aghe source of PM, 5. Our intention was to
show the variability and high concentrations of PMs at certain times comparing them to
background levels in outdoor settings in the absene of smokers. We believe it is not necessary

to introduce changes in the paragraph.
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* I am not sure of the relevance of the SHS levelaand air quality standards section in the
discussion. While interesting I am not sure if itd needed.
In our opinion, it is necessary to mention Air Qualy Standards in the Discussion sections since

several studies have used them and it is a good redrence to compare SHS levels across studies.

e Within the limitations section the authors note hat ‘“further research should either
record the presence of other sources of combustioretc.. this is correct, however I would
note that usually in most studies background levelsare removed from the total PM s
concentrations during the analysis.
As the reviewer notes, several studies (but not allthe studies) assess background levels and a
few of them “correct” the recorded levels indoors o outdoors with the background levels. We
agree that background levels are useful to evaluateif PM, 5 concentrations are influenced by
other sources of combustion. However, the statistial handling of these background levels is not
clear, since the mere “discounting” of this concenfation from the total seems too simplistic.
Thus, we now suggest incorporating in the studies;firstly the systematic assessment of
background SHS levels, and secondly, to incorporatehe corresponding figures into the tables,
in order the readers can figure out by themselvesheir influence. We have rewritten the sentence
as follows:

“Further research should either record the presence of other sources of

combustion—such as cooking facilities, proximity toroadways, or traffic

density,measure background levels of SHS and showhem in the results’ tables and

use specific SHS markers such as airborne nicoting’

* In the table I would transform the CARB resultsiito pg/m’ from mg/m’. so that the
results are comparable with the other studies.

Done. We have changed this concentration and all th other concentrations to the same units

(ug/m’).

Segunda respuesta del editor asociado de Environmetal Health Perspectives

4 January 2013

Dear Mrs. Sureda:

Manuscript ID 12-05806-REV.R1 titled "Second-Hand ‘dbacco Smoke Exposure in Open and
Semi-Open Settings: A sYSTEMATIC Review" which yowubmitted to Environmental Health

Perspectives, has been reviewed. The comments ardncluded at the bottom of this letter.
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The editor(s) have recommended some minor revisionso your manuscript. Papers for which
minor revisions are recommended have a moderate tohigh overall rating that the Associate
Editor believes may be improved with appropriate reisions. Acceptance is not guaranteed, but
is considered likely if you thoroughly respond to eviewer requests. Therefore, I invite you to
respond to the comments and revise your manuscriptYou have six weeks from the date of this
letter to complete your revisions. If you require dditional time, you must contact us by e-mail
[EHPManuscripts @niehs.nih.gov] PRIOR TO THE DUE DAE to request an extension,

otherwise your paper will not be available for rewiion.

Please refer to your original revision checklist (tached) for formatting guidelines. Please
observe EHP length limitations when revising your mnuscript. Revised manuscripts that
substantially exceed length limitations may be retmed for shortening before being sent out for

review.

EHP word limits (including the title page, keywordsabstract, main text, references and tables,
plus 250 additional words for each figure):

. Research articles: 7,000 words

. Reviews, Substantive Reviews, QuantitativeReviews or Meta-Analyses: 10,000 words

. Emerging Issues Reviews: 5,000 words

. Commentaries: 5,000 words

To revise your manuscript, log into http://mc.manusriptcentral.com/ehp, enter your Author

Center, and follow the instructions below.

1. Create a Revision

’

Select “Manuscripts Awaiting Revision.” Under “Actins,” click on “create a revision.” The
manuscript will appear under ‘“Revised Manuscripts i Draft” with the original manuscript
number appended to denote the revision. [Note: youmay also see an option to “Click here to
submit a revision” when you log into your Author Cater. If that option is available you can
select it, and it will automatically create the reision for you.]

. You will need to upload two Word (.doc) vesions of your revised manuscript: one with
tracked changes, and one “clean” version (with althanges accepted). We recommend that you
begin by generating the revised drafts from a copyof your previously submitted manuscript so

you can refer to specific changes in your responsdo the reviewers. You will be asked to upload

these files at a later time.
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2. View and Respond to Decision Letter

View your decision letter and enter your response @ the letter in the space provided. To avoid
losing your work, we recommend that you compose yon response using a word processing
program, then copy and paste the text into the Respnse to the Decision Letter box.

. In order to expedite the processing of yourrevised manuscript, please be as specific as
possible in your response. We recommend that you cpy the editors' and/or reviewers’
comments into your response letter and respond to ach comment individually, including the
specific changes made in response to each commentif any) and where the changes are located
in the revised draft. Adding line numbers to your dcuments will make it easier to indicate the
location of specific text or changes. (In Word, goto Format — Document — Layout — Line

Numbers to add line numbers to your document.)

3. Type, Title, & Abstract

Your original title, running head, and abstract wilbe inserted automatically into the appropriate
fields.

. If you have revised your title, running hed, or abstract you must delete the old text and

insert the revised text into the appropriate fielcat this time.

4. Attributes

The keywords that you entered for the original subrnission will be automatically inserted.

5. Authors & Institutions

If you have added new coauthors to the paper you mst enter their information here. You may
also edit coauthor information or delete coauthorsf needed.

. NOTE: You must submit a revised competing ifiancial interest (CFI) form if you have

added new coauthors to your paper.

6. Details & Comments

You may enter the text of your cover letter into th space provided or upload your cover letter as
a separate file here.

. Your cover letter should confirm that yourmanuscript has been submitted solely to EHP
and is not published, in press, or submitted elsewhre, and that all the research meets EHP’s

ethical guidelines, including adherence to the leghrequirements of the study country.

Please answer all of the questions on the Details &Comments page, even if they are also

addressed elsewhere (e.g., in your cover letter).
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. Please refer to the link provided for additonal information about EHP’s policies

concerning competing financial interests.

7. File Upload

Upload the revised files shown below. You do not ned to replace files that are unchanged from
the previous draft.

a. A Word (.doc) version of the revised main dcument with all changes tracked or
highlighted. Please indicate material that has beendeleted from the file, in addition to
information that has been added. Select “Word — chages marked” as the File Designation for
this file.

b. A “clean” Word (.doc) version of the revisd main document with all changes accepted.
Select “Main Document” as the File Designation fothis file.

c. Separate JPG, TIFF, or EPS file for revisedigures (if needed). Select “Figure” as the File
Designation for each file. You may include more tha one “Figure” file. Please be sure to delete
old versions of “Figure” files as needed. (NOTE: Thles should be included in the main
document, after the references. You do not need tsubmit separate Table files.)

d. If you have added new authors to the paperpr your situation has changed with regard to
competing financial interests, you must upload a reised competing financial interest (CFI) form
at this time (available at http://ehp.niehs.nih.gokcfi.pdf). Select “CFI Form” as the File
Designation for a revised CFI form. [If you are unble to scan and upload a signed CFI form
please upload an unsigned copy of the CFI form andax the signed form to 301-480-3237.]
NOTE: Previous versions of “Main Document”, “Word -changes marked”, and “CFI Form”
files must be deleted before you can upload new vesions of these files. If a file has not changed

from the previous draft, you don’t need to delete oreplace the file or upload anything new.

9. Review & Submit

You will be prompted for any missing information athis time. You must also review HTML
and PDF versions of your revised manuscript beforgyou will be able to submit your manuscript.
(Note: The PDF version is the file that will be sehto reviewers, so you should confirm that it
appears the way you want it to. We do not use the HML file generated by Manuscript Central,

but you will still be required to open it before ya submit your paper.)

Once again, thank you for submitting your manuscripto Environmental Health Perspectives. I

look forward to receiving your revision.

Sincerely,
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Dr. Manolis Kogevinas
Associate Editor, Environmental Health Perspectives

ehpmanuscripts @niehs.nih.gov

Editor's Comments:

1. The authors have done a very good job in reiewing the paper. It is an important issue and
has clear public health implications. It is still adescriptive review but I believe the authors are
right I that they cannot do a proper meta-analysisThe figure summarising the findings is good
and probably the best we can get in little space dlthe main results. The paper needs still editing.
Iindicate a few editorial type suggestions particlarly for the abstract.

2. The abstract should be edited. Parts of theabstract could be shortened so as to leave more
space for results. Results are now very short.

3.  Abstract. Line 59 (of clean manuscript); PbMed not PudMed

4.  Abstract: Data sources should just mentiorthe data sources ie PubMed and reference lists.
The remaining information should go to “Study Seletion”

5. Abstract. Study Selection. The exact searclstring is not needed in the abstract, though it is
needed in the main text. Delete and gain space to dd results. This part can be shorter without
loss of information.

6.  Abstract, Results. Add results, for exampldrom lines 235-239 reporting levels.

7. Based on Figure 1, the number of articles which were discarded reviewing the title were
196. The information provided in the text (line 63abstract) does not say the same and mentions
that you reviewed the abstracts of 196 papers. Als, it would be preferable to have in the text
the same numbers as in the abstract. I am aware thayou do mention them in the Figure but
please include the information in lines 63 of the bstract also in the corresponding part of the
main text.

8. Line 250, “One study” rather than “One manscript”

9.  Line 312. Perhaps subtitle should be “Factos influencing outdoor SHS levels” rather than

“Other factors influence outdoor SHS levels”

Segunda respuesta al editor asociado de Environmext] Health Perspectives

Response to Editors’ comments

1. The authors have done a very good job in reviewig the paper. It is an important issue and
has clear public health implications. It is still adescriptive review but I believe the authors are

right I that they cannot do a proper meta-analysisThe figure summarising the findings is good
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and probably the best we can get in little space dlthe main results. The paper needs still editing.
Iindicate a few editorial type suggestions particlarly for the abstract.
Thank you very much for the opportunity to resubmithe manuscript according to these useful

comments.

2. The abstract should be edited. Parts of the abstact could be shortened so as to leave more
space for results. Results are now very short.
As the Editor suggests, we have rewritten some pawt of the abstract and extended the results it

contains (see new version).

3. Abstract. Line 59 (of clean manuscript); PubMedot PudMed

Done.

4. Abstract: Data sources should just mention the dta sources ie PubMed and reference lists.
The remaining information should go to “Study Seletion”.

Done.

5. Abstract. Study Selection. The exact search stmg is not needed in the abstract, though it is
needed in the main text. Delete and gain space to dd results. This part can be shorter without
loss of information.

Done.

6. Abstract, Results. Add results, for example frondines 235-239 reporting levels.

Done

7. Based on Figure 1, the number of articles whichwere discarded reviewing the title were 196.
The information provided in the text (line 63, abgtact) does not say the same and mentions that
you reviewed the abstracts of 196 papers. Also, itwould be preferable to have in the text the
same numbers as in the abstract. I am aware that yo do mention them in the Figure but please
include the information in lines 63 of the abstractalso in the corresponding part of the main
text.

Thank you for the comment. We did a mistake in thabstract because we did not reviewed 196
abstracts but 67. 196 abstracts were discharged aftr reading the abstract. We have corrected the

mistake and also included the information in the mm text.

8. Line 250, “One study” rather than “One manuscrif’.

Done.
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9. Line 312. Perhaps subtitle should be “Factors ifluencing outdoor SHS levels” rather than
“Other factors influence outdoor SHS levels”.

Done.

Carta de aceptacion del manuscrito en EnvironmentaHealth Perpectives

01-May-2013

Dear Mrs. Sureda:

The revised paper "Second-Hand Tobacco Smoke Exposte in Open and Semi-Open Settings:

A Systematic Review" has been accepted for publicabn in Environmental Health Perspectives.

The Advance Publication version of your paper wilbe published online by the end of next
week. The Advance Publication version will be assiged a stable citation (DOI number) that
will remain with the paper when it is published ira monthly online issue of EHP. After your
manuscript is copyedited we will replace the Advane Publication version with the copyedited
version. You may not make changes to the final veron of the paper. However, you will have
an opportunity to review page proofs of the final opyedited paper before it is published. You

will receive your page proofs in approximately 8 tol2 weeks.

I hope that you will continue to consider EHP as @ource for potential publication of your

research in the future.

Thank you for your interest in EHP.

Dr. Hugh Tilson

Editor in Chief

Environmental Health Perspectives

ehpmanuscripts @niehs.nih.gov
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