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Foreword

I welcome this report from the Royal College of Physicians.

The report quantifies the effects of second-hand smoke on children’s health,

and the related costs, and identifies ways in which smoke-free legislation could

be improved to afford greater protection to children. Most importantly, it calls

for a radical rethink of the acceptability of smoking anywhere in the presence of

children. 

One of the biggest impacts of smoking around children is that adult smokers

can be seen as role models, increasing the likelihood that the child will, in due

course, also become a regular smoker. Preventing this means that adults take

responsibility to stop smoking in front of their children at home, or in places

where children may see them smoke. 

Success will demand far more radical approaches to tobacco prevention,

particularly in terms of price, mass media campaigns, and the consideration of

generic packaging, and wider smoke-free public policy covering cars, entrances

to public buildings, parks, and other outdoor places frequented by children. 

Protecting children is a health priority. Adult smoking behaviour must

radically change to achieve that. This report identifies the reasons why, and what

should be done to achieve it. 

The Government continues to implement strong measures and policies to

protect children from second-hand smoke, as featured in the new tobacco

control strategy for England, A smokefree future,* published earlier this year.   

In my 2002 annual report,† I highlighted children’s special vulnerability to

second-hand smoke, owing to their smaller lungs and underdeveloped immune

systems, making them more susceptible to respiratory and ear infections

triggered by passive smoking. It was in this report that I first called for a smoking

ban in all enclosed public places, which became law in 2007, and we must ensure

we keep up the momentum, especially where children are exposed, to continue

to reduce the harm of tobacco use in our communities, and create a truly smoke-

free future.

March 2010 Sir Liam Donaldson

Chief Medical Officer

*Department of Health. A smokefree future: a comprehensive tobacco control strategy for England.
London: DH, 2010.
†Department of Health. Annual report of the Chief Medical Officer 2002. London: DH, 2003.
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Preface

In 2003, over 11,000 people in the UK are estimated to have died as a result of

passive smoking.* Although regarded for many years as little more than a

nuisance, exposure to ambient tobacco smoke released directly by burning

tobacco and indirectly by exhalation of smoke by smokers (also variously

referred to as environmental tobacco smoke, second-hand smoke, or tobacco

smoke pollution) is now a recognised cause of significant short- and long-term

harm to others. Many of those adverse health effects were summarised,

particularly in relation to adult exposure, in an earlier Royal College of

Physicians report.†

Increasing awareness of these health risks has led the UK and several other

countries to introduce legislation restricting or prohibiting smoking in enclosed

public places. This legislation has typically been justified by the legal and moral

obligation to ensure safe working environments and, in the UK, to prevent the

600 or so deaths previously estimated to be caused each year by passive smoking

at work.* However, these are the minority of deaths caused by passive smoking,

the bulk of which (an estimated 10,700 deaths in adults in 2003)* arise from

exposure to tobacco smoke in the home.

Passive smoking in the home is also a major hazard to the health of the

millions of children in the UK who live with smokers, and the extent of this

health problem has not, to date, been accurately quantified. In this report, we

therefore use established literature and additional analysis to estimate the

prevalence, determinants and trends in passive smoking exposure, present new

systematic reviews and meta-analyses of the magnitude of the effects of passive

smoking on the main recognised health consequences in children, and estimate

the numbers of cases of illness and death arising from these effects. We also

quantify the effect of exposure to smoking behaviour on the risk of children

starting to smoke, and estimate the number of children who do take up smoking

as a consequence. We then consider the financial cost of the disease burden for

the NHS and wider society arising from all of these exposures. The report also

explores ethical issues relating to passive smoking and children, and public

opinion on measures to prevent passive smoking, concluding with policy options

*Jamrozik K. Estimate of deaths attributable to passive smoking among UK adults: database
analysis. BMJ 2005;330:812–17.
†Royal College of Physicians. Going smoke-free: the medical case for clean air in the home, at
work and in public places. A report by the Tobacco Advisory Group. London: RCP, 2005.



that would reduce exposure of children to this significant health hazard and

negative behavioural model.

Governments, and societies, have a duty to ensure that children grow up in a

safe environment, and are protected from explicit or implicit encouragement to

take up hazardous behaviours such as smoking. This report provides some of the

background and policy measures necessary to ensure that that duty is discharged.

I am personally very grateful to John Britton and the other members of the

RCP’s Tobacco Advisory Group, and the many contributors to this report who

have continued the excellent tradition of the RCP in this important area.

March 2010 Professor Ian Gilmore

President, Royal College of Physicians

x Preface
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1.1 Background
1.2 Implementation of smoke-free legislation in the UK
1.3   Scope of the legislation
1.4 Exemptions
1.5   Extensions beyond legislative requirements
1.6 Evaluation of smoke-free legislation 
1.7 Gaps and inconsistencies in the legislation
1.8 Summary

1.1 Background

For much of the 20th century, lighting up a cigarette in public or at work was

regarded as entirely normal and acceptable behaviour. For many years, ashtrays

were a routine component of office and domestic furniture, and offering a

cigarette to a visitor or guest was common social practice. During the 1950s, and

probably for some time afterwards, health ministers smoked at their desks. Most

men in the UK smoked. 

In the later years of the 20th century, however, things began to change. It

became common for visitors to a range of public places in the UK, including

cinemas, theatres, doctors’ surgeries and places of worship, to be asked to refrain

from smoking. After the fire that killed 31 people at Kings Cross Underground

Station in London in 1987, smoking was prohibited throughout the London

Underground. These and many other restrictions on smoking in public places

gained rapid and widespread acceptance and compliance from the public, and

hence established that smoke-free policies in public places were workable. By the

end of the 20th century, nearly half of the UK population were working in

smoke-free environments, and over 80% supported restrictions on smoking at

work and in other public places.1

In 1998, the White Paper, Smoking kills, was published.2 Smoking kills set out

a UK-wide strategy to reduce smoking prevalence and also included measures

intended to reduce exposure to passive smoke in public places. However, these

1 Smoke-free legislation in the UK
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measures were voluntary, comprising a proposed code of practice to limit smok-

ing in enclosed workplaces, and a ‘Public places charter’ for pubs, restaurants

and other hospitality venues.2 The code of practice was drafted, but never

implemented. The Public Places Charter was introduced in many hospitality

venues, but was largely ineffective. After a public consultation in England in

2004, the Government therefore committed to use legislation, in the form of a

Health Bill, to reduce exposure to passive smoke in the workplace. Since health

is a devolved power in the UK, this allowed the administrations of Scotland,

Wales and Northern Ireland to develop their own legislation and dates of

implementation. 

1.2 Implementation of smoke-free legislation in the UK

Smoke-free legislation was introduced in the UK first in Scotland in March 2006,

then in Wales and Northern Ireland in April 2007, and in England in July 2007.

The island Crown Dependencies of Guernsey and Jersey became smoke-free in

2006 and 2007, and the Isle of Man in March 2008. Although the legislation differs

in detail between jurisdictions (see Table 1.1, page 5), the principal measures are

the same throughout, making virtually all enclosed premises where people work

and/or where the public has access, including public transport and work vehicles,

smoke-free. The legislation does not extend into private dwellings, or into private

rooms in residential accommodation. Detailed guidance on the application of the

legislation has been published by the Local Authorities Coordinators of Regulatory

Services (LACORS).3

1.3 Scope of the legislation

Under the legislation, any person who smokes in premises or vehicles included in

the legislation commits an offence. It is also an offence for persons who control

or manage such smoke-free premises or vehicles to permit others to smoke in

them, or to fail to display official ‘no smoking’ signs at every entrance to smoke-

free premises, or within each compartment of a smoke-free vehicle. Details of

some of the definitions and other aspects of the legislation are summarised in

Box 1.1, page 10. 

1.4 Exemptions

Exemptions permitted by the smoke-free legislation are broadly limited to the

following five categories.

2 Passive smoking and children
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1.4.1 Private dwellings

Private dwellings are exempt, except in rooms which are used solely as places of

work, for example where a room is reserved for childminding or music lessons.

Where work is undertaken solely to provide personal care for a person living in

the dwelling, to assist with domestic work, or to maintain the building or other

services in the dwelling, the private dwelling is not considered to be a workplace

and is exempt from the smoke-free legislation. In England and some other

administrations, common entrance areas (passageways, stairways and lifts) to

private dwellings in multiple-occupation buildings, such as blocks of flats or

halls of residence that are places of work for more than one person, are required

to be smoke-free. 

1.4.2 Residential institutions

These include places where people have their home, or live either permanently or

temporarily, such as hotels, guest houses, inns, hostels and members’ clubs, care

homes, hospices, and adult prisons. The law allows the person in control of the

premises to designate specific rooms for smoking, provided that defined condi-

tions on construction and ventilation are met. In the cases of hotels, guest

houses, inns, hostels and members’ clubs, this applies only to bedrooms; in care

homes and hospices, rooms used only for smoking can also be designated in

addition to or as an alternative to bedrooms. Exemptions for designated areas or

rooms in residential mental health units apply in some administrations, but tem-

porary exemptions in England and Northern Ireland have expired. At the time of

writing, the Scottish Government is consulting on removing the exemption.

Adult prisons in the UK currently have an exemption allowing smoking in cells

in which all occupants are smokers. The exemption for prisons was not applied

to a new facility which was being built at the time the legislation came into force.

Isle of Man Prison is therefore smoke-free. 

1.4.3 Specified workplaces

These include enclosed workplaces where the smoke-free requirements are

impracticable, or where smoking is held to be an essential activity, such as: 

H offshore installations, where smoking in the open air is potentially more

hazardous than in a designated room 

H in live performances, if appropriate to the artistic integrity of a

performance (applies in England and the State of Jersey only)

1 Smoke-free legislation in the UK 3

© Royal College of Physicians 2010. All rights reserved.



H specialist tobacconists, to allow sampling of cigars or pipe tobacco (applies

in England and Northern Ireland only)

H facilities for researching and testing of tobacco products.

1.4.4 Crown bodies and Crown property

These are exempt, though in practice all central government departments, NHS

buildings, and Ministry of Defence and Armed Services enclosed workplaces and

vehicles in England, Wales, Northern Ireland and overseas were required to be

smoke-free before legislation was introduced. Both Houses of Parliament have

agreed to implement smoke-free policies consistent with the legislation. Royal

Navy surface warships, ships of the Royal Fleet Auxiliary and HM submarines are

smoke-free below decks.

1.4.5 Recognised diplomatic premises

These are inviolable, meaning that government officials cannot enter them with-

out permission of the head of mission (such as the ambassador or high commis-

sioner). Diplomats also enjoy immunity from criminal jurisdiction. In practice,

therefore, smoke-free legislation cannot be enforced in diplomatic premises.

1.5 Extensions beyond legislative requirements

Many workplaces in the UK, including all of the NHS, had already introduced

smoke-free policies consistent with the legislation before it was implemented.

Others before and since have applied smoke-free policies that go beyond the

requirements of the legislation. In those UK administrations covered by the

Association of Train Operating Companies and Network Rail, comprehensive

smoke-free policies, enforced by by-laws, apply to all railway facilities, meaning

that smoking is prohibited on platforms, footbridges and other areas whether or

not enclosed as defined by the smoke-free legislation. The Football League made

all of its grounds smoke-free from August 2007. Some individual cricket and ath-

letics stadia are also smoke-free. In hospitals and many other NHS facilities,

smoke-free policies extend to their grounds as well as enclosed areas, although

compliance has been inconsistent. School grounds are not required to be smoke-

free under the legislation, but the majority in England now are, as a condition of

achieving National Healthy Schools Status. Rampton high security psychiatric

hospital prohibited smoking throughout its grounds and buildings from March

2007. This policy was upheld in 2009 after a challenge by inmates brought under

Article 8 of the European Convention on Human Rights.

4 Passive smoking and children
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Table 1.1 Coverage of smoke-free legislation in UK jurisdictions and Crown dependencies.

States of States of Northern
Scotland Guernsey Jersey Wales Ireland England Isle of Man

Demographic information

Population (thousands) 5,169 62 91 2,990 1,775 51,460 77

Area (km2) 78,742 78 116 20,761 14,120 130,357 572

Date of general implementation 26 March 2 July 2 January 2 April 30 April 1 July 30 March 
2006 2006 2007 2007 2007 2007 2008

Coverage of smoke-free legislation

All enclosed and substantially Yes Yes Yes Yes Yes Yes Yes
enclosed workplaces and public 
places, including pubs, bars, 
restaurants and clubs

Public transport and shared Yes Yes Yes Yes Yes Yes Yes
vehicles used for work

Exemptions

Private residential accommodation Yes Yes Yes Yes Yes Yes Yes

Private motor vehicles Yes Yes Yes Yes Yes Yes Yes

Hotels, guest houses, inns, hostels Yes in Yes in Yes in Yes in Yes in Yes in Yes in 
and members’ clubs designated designated designated designated designated designated designated 

bedrooms bedrooms bedrooms bedrooms bedrooms bedrooms bedrooms

continued over
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Table 1.1 Coverage of smoke-free legislation in UK jurisdictions and Crown dependencies – continued.

States of States of Northern
Scotland Guernsey Jersey Wales Ireland England Isle of Man

Exemptions – continued

Residential care homes and Yes in Yes in Yes in Yes in Yes in Yes in Yes in 
nursing homes designated designated designated designated designated designated designated 

rooms areas areas rooms rooms and rooms and rooms 
bedrooms bedrooms

Hospices Yes Yes in Yes in Yes in Yes in Yes in Yes in 
designated designated designated designated designated designated 
areas areas rooms rooms and rooms and rooms 

bedrooms bedrooms

Mental health units Yes in Yes in Yes in Yes in No No Yes in 
designated designated designated designated (Yes in (Yes in designated 
rooms areas areas rooms designated designated rooms

rooms and rooms and 
bedrooms bedrooms 
until 30 April until 1 July 
2008) 2008)

Workplace used for charitable No No Yes in No No No No
purposes designated 

areas

continued
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Table 1.1 Coverage of smoke-free legislation in UK jurisdictions and Crown dependencies – continued.

States of States of Northern
Scotland Guernsey Jersey Wales Ireland England Isle of Man

Exemptions – continued

Staff sleeping accommodation in No No Yes in No No No No
workplace designated 

bedrooms 
for single 
occupancy

Police stations Yes in No Yes in No No No Yes in 
detention detention (Permitted designated 
and interview and interview in detention detention and 
rooms rooms and inter- interview 
(includes view rooms rooms
Revenue and exercise 
and Customs) areas until 

30 April
2008)

Young offenders institutions Yes No No No Yes, except No No
for areas 
specified in 
legislation

continued over
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Table 1.1 Coverage of smoke-free legislation in UK jurisdictions and Crown dependencies – continued.

States of States of Northern
Scotland Guernsey Jersey Wales Ireland England Isle of Man

Exemptions – continued

Prisons Yes, but Yes in all cells Yes in Yes in Yes, except Yes in No
smoking designated designated for areas designated 
limited to cells cells cells specified in cells
under Prisons legislation
Scotland Act 

Specialist tobacconists No No No No Yes, in shop Yes, in shop No
premises premises 
used for used for 
sampling sampling 
cigars and cigars and 
pipe tobacco pipe tobacco

Theatrical performance and public No No Yes if No No Yes if No
entertainment integral part artistic 

of play or integrity 
production makes it 

appropriate

Ships See Note 1 Yes in fishing See Note 1 See Note 1 See Note 1 See Note 1 No
vessels 
solely 
operated by 
one master

continued
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Table 1.1 Coverage of smoke-free legislation in UK jurisdictions and Crown dependencies – continued.

States of States of Northern
Scotland Guernsey Jersey Wales Ireland England Isle of Man

Exemptions – continued

Aircraft See Note 2 No See Note 2 See Note 2 See Note 2 See Note 2 See Note 2

Offshore installations Yes in No No Not No Yes in Yes in 
designated applicable designated designated 
rooms rooms rooms

Laboratories and research facilities Yes in No Yes in Yes in Yes in Yes in No
designated designated designated designated designated 
rooms rooms rooms rooms rooms

Note 1 UK-wide consultation on proposed regulations closed on 9 October 2009.
Note 2 Covered by existing legislation.



10 Passive smoking and children

Box 1.1 Synopsis of UK smoke-free legislation terms and definitions

Smoking: smoking tobacco, or anything which contains tobacco, or other substance;

including cigarettes, cigars, herbal cigarettes, pipes and waterpipes. Smoking includes

being in possession of lit smoking materials, even if not actually being smoked at the

time. 

Workplaces: Workplaces covered by smoke-free legislation are places of work for more

than one person, even if not simultaneously, or if used only by one person if members of

the public enter the premises for any purpose. Work includes voluntary and unpaid work. 

Public places: Public places subject to smoke-free legislation are premises open to the

public, and include anywhere to which the public, or a section of the public, has access,

including access restricted by invitation such as membership, or by payment such as an

entrance fee.

Enclosed and substantially enclosed: Workplaces and public places are subject to

smoke-free legislation only if they are ‘enclosed’ or ‘substantially enclosed’. 

H Enclosed premises have a ceiling or roof and, except for doors, windows or pas-
sageways which can be opened or shut, are wholly enclosed by walls, perma-
nently or temporarily.

H Substantially enclosed premises have a ceiling or roof and permanent openings in
walls which cannot be opened or shut, and which constitute less than 50% of the
total wall area. 

Temporary structures: Temporary structures, such as tents and marquees, are deemed

to be enclosed premises if they can be enclosed, even if at times they are not, for

example if they have side panels that can be removed and replaced.

Vehicles: A vehicle is subject to smoke-free legislation if it is used by members of the

public or a section of the public, whether or not for reward or hire, in the course of paid or

voluntary work. Public transport vehicles, including taxis and minicabs, and all vehicles

used for work by more than one person at any time, must be smoke-free at all times,

even when not in use. Vehicles are exempt if the vehicle roof has been removed or

stowed such that it does not cover any part of a compartment in which persons may

travel.

Aircraft: Smoking on aircraft is prohibited under the 2005 Air Navigation Order, which

predated smoke-free legislation.

Ships: Proposals are currently out to consultation to prohibit smoking, under Section 85

of the Merchant Shipping Act 1995, on ships carrying at least one employee or

passenger within the 12 mile UK territorial waters unless the vessel is in transit and will

not be calling at a UK port. The proposals allow the Master of a ship to designate

smoking areas, which may include decks and cabins. 

Enforcement agencies and authorised officers: Local councils and port health

authorities are the enforcement agencies for smoke-free legislation, and they authorise

appropriate regulatory officers to carry out duties to secure compliance, including

carrying out enforcement measures. 
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1.6 Evaluation of smoke-free legislation 

Scotland, the first UK jurisdiction to go smoke-free, was also the first to develop

a comprehensive strategy for the evaluation of the smoke-free policy and is thus

the main source of evidence on the effect of the UK smoke-free legislation.4 The

Scottish evaluation focused on eight key outcome areas: compliance with the leg-

islation, levels of passive smoke exposure, smoking prevalence and tobacco con-

sumption, tobacco-related morbidity and mortality, knowledge and attitudes,

sociocultural adaptation, economic impacts on the hospitality sector, and health

inequalities. Assessment of each outcome in Scotland was based on a combina-

tion of secondary analyses of routine health, behavioural and economic data, and

a portfolio of eight research projects commissioned to address specific questions.

The research studies focused on intermediate impacts up to one year after the

implementation of the legislation, but routine data will also be monitored over a

longer period, in the first instance for three years.

1.6.1 Compliance

Public compliance with the smoke-free legislation has been high from the time of

implementation in all jurisdictions in the UK, and acceptance has increased over

time, particularly among smokers.5,6 Smoke levels in a sample of 41 pubs and

bars in Scotland, measured as PM2.5 levels (small particulate matter, 90% of

which in indoor air comes from tobacco smoke) in indoor air fell by 86% from a

mean of 246 to 20 µg m–3 within 2 months of the legislation coming into effect.7

Similar changes have occurred in England,6 as indeed they have in other jurisdic-

tions where comprehensive smoke-free legislation has been introduced.8–12

Inspection data indicate that nearly 2 years post-legislation, 99% of premises

inspected were still compliant with the requirement not to permit smoking, and

that a decline in the number of inspections over time has not appreciably

changed this proportion (Fig 1.1).5 There is some evidence that compliance lev-

els may be lower in bars located in more deprived areas, where smoking preva-

lence is higher14,15 and in hospitality premises serving particular communities,

such as shisha bars. However, contraventions appear in general to be minor, typi-

cally occurring around doorways. Most bar staff appear actively to enforce the

law, citing fear of prosecution as their primary motivation.15

1.6.2 Reductions in passive smoke exposure 

In addition to reductions in indoor air particulate levels described above, com-

pliance with the legislation in Scotland was accompanied by substantial reductions
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in passive smoke exposure in bar workers who were occupationally exposed pre-

legislation. Semple and colleagues found an 89% reduction in concentrations of

salivary cotinine (a nicotine metabolite, a specific marker of tobacco smoke expo-

sure) in a cohort of 126 non-smoking bar workers, which fell from a geometric

mean of 2.9 ng ml–1 at baseline to 0.41 ng ml–1 1 year after legislation.16 As part of

the same study, a subset of bar workers wore personal PM2.5 monitors for the

duration of a shift before and 2 months after legislation. Mean exposure fell from

202 to 28 µg m–3, representing an 86% reduction in personal PM2.5 exposure dur-

ing a full shift (Fig 1.2). Similar reductions in salivary cotinine in workers from the

hospitality sector after smoke-free legislation in other jurisdictions have also been

reported, for example among workers from Ireland, Norway and New York.17–19

Extrapolating from recommendations by a Department of the Environment expert

panel on air quality standards,11 Semple and colleagues have argued that a PM2.5

concentration of 65 µg m–3 or more is equivalent to the highest level of outdoor air

pollution – air quality band level four.20

1.6.3 Improvements in respiratory health

A longitudinal study of non-smoking bar workers from Dundee assessed respira-

tory symptoms and lung function immediately before the legislation came into

12 Passive smoking and children
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Fig 1.1 Compliance with smoke-free legislation in Scotland. Data from Hyland et al.5
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effect, and then again 1 and 2 months later. The proportion of respondents

reporting either respiratory or sensory symptoms fell from 79% at baseline to

47% 2 months later. In addition, there was a 5% absolute improvement in lung

function, as measured by forced expiratory volume in one second (FEV1), which

increased from an average of 97% to 102% of the predicted value for age, sex and

height.21 However, seasonal factors, including differences in temperature and

occurrence of respiratory viral infections, may also have contributed to these

changes. A larger national study of Scottish bar workers followed up participants

for a longer period of 12 months, thus reducing possible seasonal confounding,

and found that self-reported improvements in respiratory and sensory symp-

toms were maintained 1 year after workplaces had become smoke-free.22 During

this period, the proportion of non-smoking bar workers reporting phlegm pro-

duction fell from 33% to 14%, irritated eyes from 39% to 11%, and sore throat

from 44% to 25%. Improvements were also observed in the respiratory health of

bar workers who smoked, with the proportion reporting wheeze falling from

48% immediately before the ban to 31% 1 year later, and the proportion report-

ing irritated eyes falling from 35% to 25%. Measures of FEV1 and forced vital

capacity (FVC) were also obtained from bar workers participating in the Scottish

study, but, unlike a similar Irish study which found a 3% increase in FVC (as well

as 3% increase in peak expiratory flow and 2% increase in total lung capacity),23

no improvement in either FEV1 or FVC was observed in the Scottish study.24

Improvements in the lung function of bar workers from San Francisco25 and

Norway26 have also been reported. However, as neither followed participants up

1 Smoke-free legislation in the UK 13

© Royal College of Physicians 2010. All rights reserved.

Fig 1.2   Personal full shift exposure of a bar worker to particulates (PM2.5) pre and post
Scottish legislation. Data from Semple et al.16
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for a full year post-baseline measurement, seasonal factors cannot be ruled out as

an explanation of these observed improvements.

1.6.4 Reduction in hospital admissions for coronary heart disease

There is now a substantial body of epidemiological evidence linking passive

smoke exposure with the development of coronary heart disease,27 and clinical

studies demonstrating immediate impacts of passive smoking on the cardiovascu-

lar system, including pro-thrombotic platelet aggregation and oxidative stress – in

otherwise healthy volunteers.28,29 In addition, there are now 13 published studies

reporting a reduction in hospital admissions for myocardial infarction and related

acute conditions, ranging from 13% to 40%, following the introduction of

smoke-free legislation in the USA, Canada, Italy and Scotland.30–42 However, a

weakness of these studies was that 12 out of 13 relied on retrospective analysis of

routine hospital data and, with the exception of two studies,33,42 were not able to

ascertain either individual smoking status or exposure to passive smoke. 

A prospective study of hospital admissions to nine general hospitals for acute

coronary syndrome in Scotland39 was carried out using a standard case definition

of chest pain with raised troponins I or T, and assessed individual passive smoke

exposure by interview and admission blood cotinine levels. Comparing a

10–month period from June to March before legislation with the same period

post-legislation, the study found an overall reduction in admissions by 17%, with

a 20% reduction in non-smokers and a 14% reduction in smokers. The 17%

reduction compares with an underlying trend of a 3% annual decline in admis-

sions for acute myocardial infarction in the 10 years leading up to the legislation.

There has been much debate about the size of the effect observed in these studies,

but using published relative risk data and applying assumptions about reductions

in smoking prevalence and exposure to passive smoke, Richiardi and colleagues

estimate that a reduction of between 5% and 15% might be expected to occur.43

This estimate range is consistent with the results from two recent meta-analyses.

The first included 11 studies (from 10 locations) and reported a 17% reduction

overall (95% CI 8–25%).44 The second included 11 published and three unpub-

lished studies and found a 17% reduction (95% CI 13–20%) 12 months post-

ban.45 Both meta-analyses found an increase in effect size over time.

1.6.5 Changes in smoking prevalence and quitting smoking

A systematic review of the impact of smoke-free regulations has suggested that

making workplaces smoke-free may prompt quit attempts, reduce smoking
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prevalence, and reduce tobacco consumption in those who continue to smoke.46

In Scotland, calls to Smokeline – the national smoking helpline – increased dra-

matically in the months leading up to smoke-free legislation but then returned to

the original call rate or lower. Short-term increases in over-the-counter (OTC)

nicotine replacement therapy sales were also observed in the lead-up to the legis-

lation, but again these were maintained only for a few months after the legisla-

tion was introduced.47 This suggests that the prospect of smoke-free legislation

and initial impact may have triggered quit attempts in a number of smokers, but

that this effect was relatively short-lived. Data from the Scottish Household Sur-

vey48 are consistent with this interpretation, since the rate of decline in smoking

prevalence over the years immediately before and after the legislation was intro-

duced, from 26.2% in 2005 to 25.0% in 2006 and 24.7% in 2007, is similar to the

underlying trend before the legislation. 

1.7 Gaps and inconsistencies in the legislation

As set out in the Department of Health one-year review of the legislation, ‘The

primary aim of the legislation was to protect workers and the general public from

exposure to the harmful effects of passive smoke exposure’.6 This aim has largely

been achieved in enclosed workplaces and public places. However, significant pas-

sive smoke exposure occurs in workplaces where smoking is still allowed, and a

number of other gaps and inconsistencies in the legislation result in continued

avoidable exposure. Examples of these fall into the following broad categories.

1.7.1 Failures in compliance 

Although overall compliance with the legislation has been high from the outset,

there were some determined opponents, particularly in the licensed trade. These

were dealt with through enforcement measures where repeated offences

occurred. The areas where breaches of the legislation still occur include commer-

cial vehicles, where enforcement is difficult; in major public entertainment

venues such as sports grounds and music festivals, where smoking sometimes

occurs in covered seating areas and on covered stages; and in particular premises

such as shisha bars. 

1.7.2 Continued smoking in exempted areas 

Smoking continues to take place legally in designated bedrooms in hotels, hostels

and halls of residence, care homes, mental health units, and prison cells. In all of
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these circumstances, tobacco smoke will inevitably pervade passageways, stair-

cases and other common areas, and will present a health hazard to staff, other

residents, and guests. The legislation is thus failing to protect employees and the

public fully in these areas. The legislation does not place a limit on the propor-

tion of designated non-smoking bedrooms, and some hotels and members’ clubs

have taken the business decision not to designate any bedrooms as non-smoking.

That some care homes, perhaps concerned about possible fire risks, have not des-

ignated any bedrooms for smoking indicates that more progress in reducing the

extent to which smoking persists in these exempted areas could be made. The

exemption for performing artists in England represents a persistent health risk to

theatre audiences and staff.

1.7.3 Smoking in places not enclosed or substantially enclosed

Since the introduction of the smoke-free legislation, smokers have tended to con-

gregate around entrances and exits to smoke-free premises and under structures

which are not substantially enclosed. Smoking in such places has always taken

place, but the exposure to tobacco smoke, albeit in the open air, is a source of

complaints of exposure from the public, from employees such as security staff

required to work in these locations, and from occupants of nearby buildings pol-

luted as a result. Many businesses, particularly in the hospitality trade, have

sought to build non-enclosed shelters or other structures to accommodate staff,

customers and other visitors who want to smoke, without contravening the legis-

lation. In some cases, close proximity to sheltering walls can prevent effective

ventilation, and hence also cause passive exposure through drift of smoke into

smoke-free premises. 

1.7.4 Smoking in places not covered by the legislation

Private motor vehicles that are not workplaces are exempt from the legislation of

major significance, since ambient levels of smoke in vehicles can be extremely

high – higher than those typically encountered in bars and restaurants before

becoming smoke-free.49 Legislation making cars smoke-free has been introduced

successfully in several US jurisdictions and Australian states,50 and proposals for

an extension of the legislation to private vehicles, particularly for those carrying

children, has attracted public support in the UK (see Chapter 8).

In September 2007, the Driving Standards Agency (DSA) updated the UK

Highway Code and added smoking to a list of distractions from safe driving

which included listening to loud music, reading maps, inserting audio disks or
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cassettes, tuning a radio, arguing with passengers or other road users, and eating

and drinking. At police discretion, a fixed penalty notice can now be issued to

people who smoke while driving. In addition, Section 26 (1a) of the Road Safety

Act 2006 amends the Road Traffic Act 1988 and makes it an offence to breach the

requirement to control a vehicle by ‘not driving a motor vehicle in a position

which does not give proper control or a full view of the road and traffic ahead, or

not causing or permitting the driving of a motor vehicle by another person in

such a position’. A driver who loses control of a vehicle due to smoking is thus

potentially open to prosecution under this legislation.

Smoking in private homes remains the main source of passive smoke exposure

in the UK and is currently exempt from the legislation. Effective means of reduc-

ing exposure in the home are therefore urgently required, and approaches to this

are discussed at length in the following chapters of this report. 

1.8 Summary

H Smoke-free legislation in the UK has been highly effective in reducing

exposure to passive smoke at work and in public places.

H Smoke-free legislation has realised some substantial health benefits, and in

particular a marked reduction in hospital patients admitted with coronary

heart disease.

H There are some persisting inconsistencies and gaps in the application of the

legislation that could easily be resolved by changes or extensions to existing

regulations.

H Experience elsewhere indicates that extension of smoke-free policies to a

wider range of public places can be popular and successful.

H However, the legislation does not address exposure to passive smoke in the

home and in other private places such as cars.

H New approaches are therefore needed to address this persistent and sub-

stantial source of passive smoke exposure.
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2.1 Introduction

2.2 English study data and methods

2.3   Smoke-free policy and passive smoke exposure of children in

Scotland 

2.4 Data from Northern Ireland

2.5 Data from Wales

2.6 Data from other countries 

2.7 Summary 

2.1 Introduction

As outlined in Chapter 1, smoke-free legislation has now resulted in substantial

improvements in indoor air quality and reductions in exposure to passive smoke

in most workplaces and enclosed public places in the UK. However, the legisla-

tion does not extend to homes and other private places where the majority of

exposure occurs. Our earlier report on smoke-free policy demonstrated that pas-

sive smoking in the home is a major source of exposure in children, particularly

young children.1 Unlike most adults, they have little control over their home

environment, and are therefore generally unable to remove themselves from

areas of passive smoke exposure.2 Young children are also at a higher risk of pas-

sive smoke exposure compared with adults. After exposure to similar levels of

ambient tobacco smoke, cotinine levels in children are about 70% higher than

those in adults, probably because children have higher breathing rates.3

Even before the introduction of smoke-free legislation, progressive reductions in

levels of passive smoke exposure among non-smoking children aged 11–15 living in

the UK had been occurring since the late 1980s.1,4 At the time that smoke-free legis-

lation was being debated in England, concern was expressed, notably by the then

secretary of state for health John Reid, that making public places smoke-free might

displace smoking back to the home, and that exposure of children and other depen-

dents might consequently increase. In this chapter, we examine data concerning

passive smoke exposure in children in England, updating and extending the results
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in our earlier report1 by expanding the age range of children studied, and includ-

ing data from after the implementation of smoke-free legislation. We also sum-

marise data on exposure of children and adults to passive smoking before and after

implementation of smoke-free legislation in other UK jurisdictions. 

2.2 English study data and methods

The data analysed and presented in the following sections (2.2.1 to 2.2.4) come

from salivary cotinine measures in non-smoking children aged 4–15 years partic-

ipating in the Health Survey for England (HSE). The HSE is an annual cross-sec-

tional survey of individuals living in a sample of private households, designed to

be representative of the population living in private households in England in

terms of age, gender, geographic area and socio-demographic circumstances.5 All

adults (those aged 16 and over) and up to two children in all selected households

are interviewed and asked a series of questions to determine sociodemographic

factors, parent and carer smoking behaviours, and the presence or absence of

smoking in the home on most days. Saliva samples for cotinine estimation have

been collected from all children aged 4–15 in the core survey every year since

1996, except for 1999, 2000 and 2004. Cotinine is agreed to be the best available

quantitative indicator of nicotine intake, and hence passive smoke exposure, over

the preceding 2–3 days.6 Cotinine levels are directly related to the extent of pas-

sive smoking exposure sustained, though levels above 12 ng/ml are widely

accepted to be indicative of active smoking.7 Children with levels above 12 ng/ml,

or those who self-report as active smokers, were therefore considered active

smokers and excluded from the analysis. 

The predictors of passive smoke exposure in children, including the effects of

parent and carer smoking, whether there was smoking in the home on most days

(based on the response from a parent or other adult living in the household),

family sociodemographic status, and the age, gender and ethnicity of the child

on children’s salivary cotinine have been analysed in pooled data from 1996 to

2006, using univariate and multivariate regression models.8 Exposure to carer

smoking was defined as a parent reporting that the child was looked after for

more than two hours a week by someone who smokes while looking after them.

For analysis of time trends in children’s cotinine levels, parental smoking and

smoking in the home, and determinants of smoking in the home, we added data

for 2007, the year in which smoke-free legislation was implemented in England,

but there were insufficient data to allow a detailed comparison of levels before

and after 1 July 2007. More extensive details of the methods used in the analyses

are provided elsewhere.8–9
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2.2.1 Predictors of passive smoke exposure in children

The strongest individual predictors of passive smoke exposure in children as mea-

sured by salivary cotinine were whether parents or carers were smokers, and

whether people smoked inside the home (Table 2.1). Relative to geometric mean

levels of cotinine of 0.24 ng/ml in children whose parents were both non-smokers,

children whose father smoked had mean cotinine levels 2.9 times higher

(0.71 ng/ml); those whose mother smoked had levels 6.4 times higher

(1.55 ng/ml); and those whose parents both smoked had levels 8.9 times higher

(2.14 ng/ml). Cotinine concentrations were 5.4 times higher in children whose

carers smoked (1.71 ng/ml) compared to those who did not (0.32 ng/ml)

(Fig 2.1). Children from households in which someone smoked inside on most

days had cotinine levels 7.3 times higher (1.78 ng/ml) than those of children from

smoke-free households (0.25 ng/ml). 

Passive smoke exposure was higher in younger children (1.4 times higher at

age 4 than at age 15 – see Fig 2.2), and also in white children (1.5 times higher than

in black or Asian children). In relation to various measures of socio-economic

status (Table 2.1), cotinine levels were 3.1 times higher in children living in house-

holds headed by semi-skilled or unskilled manual workers than in households

headed by professional or managerial workers, 2.7 times higher in those living in

households whose head was unemployed than employed, and 3.9 times higher in

2 Passive smoking in UK children 23

Fig 2.1 Cotinine levels in non-smoking children aged 4–15 years according to smoking
status of parents and carers (pooled data from 1996–2006).
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Table 2.1 Factors influencing geometric mean cotinine levels in non-smoking children aged 4–15 years in univariate and multivariate
regression.

Univariate Multivariate regression/
regression/ multiplicative change 
multiplicative (95% CI)‡

Sample Cotinine change 
Predictor size (ng/ml) (95% CI)‡ R2 (%) 4–15 year oldsb 4–12 year oldsc

Year 12,743 – 0.94 (0.93, 2.3 0.96 (0.95, 0.96 (0.95, 
0.94) 0.96) 0.96)

Age 12,743 – 0.97 (0.96, 0.5 0.98 (0.97, 0.96 (0.95, 
0.98) 0.98) 0.97)

Gender Malea 6,367 0.46 – <0.01 Not significant – –
– dropped from 
model

Female 6,376 0.47 1.02 (0.97, 1.07 (1.02, 
1.07) 1.12)

Social class of head I and II (professional and  4,953 0.28 – – 8.6 – – – –
of household management)

III (skilled manual and 4,914 0.55 1.94 (1.83, 1.14 (1.09, 1.12 (1.06, 
non-manual) 2.05) 1.20) 1.19)

IV and V (semi-skilled and 2,396 0.88 3.12 (2.91, 1.29 (1.21, 1.25 (1.16, 
unskilled manual) 3.34) 1.37) 1.34)

continued
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Table 2.1 Factors influencing geometric mean cotinine levels in non-smoking children aged 4–15 years in univariate and multivariate
regression – continued.

Univariate Multivariate regression/
regression/ multiplicative change 
multiplicative (95% CI)‡

Sample Cotinine change 
Predictor size (ng/ml) (95% CI)‡ R2 (%) 4–15 year oldsb 4–12 year oldsc

Employment status of Employeda 10,166 0.39 – – 6.3 – – – –
head of household

Unemployed 788 1.04 2.69 (2.42, 1.31 (1.20, 1.26 (1.14, 
2.98) 1.43) 1.39)

Other (including looking 1,602 0.98 2.54 (2.36, 1.41 (1.31, 1.36 (1.26, 
after home) 2.75) 1.51) 1.47)

Highest education Higher education qualificationa 5,032 0.28 – – 9.0 – – – –
status achieved by

School level (or other) 6,164 0.56 1.97 (1.87, 1.23 (1.18, 1.23 (1.16, either parent
qualifications* 2.08) 1.29) 1.30)

No qualification 1,503 1.09 3.85 (3.55, 1.49 (1.38, 1.47 (1.34, 
4.18) 1.61) 1.60)

Ethnicity** Whitea 11,345 0.48 – – 0.5 – – – –

Black or Asian 990 0.32 0.67 (0.61, 0.83 (0.77, 0.91 (0.83, 
0.73) 0.90) 0.99)

Parental smoking Neither parent smokesa 7,904 0.24 – – 34.7 – – – –
status

Father only smokes 1,239 0.71 2.94 (2.74, 1.36 (1.26, 1.36 (1.24, 
3.16) 1.48) 1.49)

continued over
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Table 2.1 Factors influencing geometric mean cotinine levels in non-smoking children aged 4–15 years in univariate and multivariate
regression – continued.

Univariate Multivariate regression/
regression/ multiplicative change 
multiplicative (95% CI)‡

Sample Cotinine change 
Predictor size (ng/ml) (95% CI)‡ R2 (%) 4–15 year oldsb 4–12 year oldsc

Mother only smokes 2,259 1.55 6.42 (6.06, 2.11 (1.96, 2.01 (1.85,
6.79) 2.28) 2.21)

Both parents smoke 1,223 2.14 8.89 (8.26, 2.95 (2.70, 2.80 (2.52, 
9.55) 3.23) 3.10)

Someone smokes Noa 8,645 0.25 – – 38.6 – – – –
most days inside the 

Yes 4,096 1.78 7.27 (6.96, 3.09 (2.87, 2.56 (2.35, 
home?

7.59) 3.32) 2.79)

Carer smoking Noa 6,921 0.32 – – 23.9 – –
(>2 hrs per week) †

Yes 2,366 1.71 5.39 (5.07, 1.67 (1.56, 
5.73) 1.78)

a Baseline category. ‡ The multiplicative change in geometric mean cotinine compared with the baseline
b n=11,645. Includes all variables listed other than those category (for continuous variables, year and age, it is the multiplicative change in geometric 
indicated as dropped from model and carer smoking. mean cotinine for each unit increase in year or age). Each multiplicative 
c n=8,448. change was obtained by taking the exponential of the regression coefficient associated with 
*Also includes qualifications obtained outside the UK, Nursery the predictor. Values under 1 therefore represent a decline in geometric mean cotinine.
Nurse Examination Board, clerical and commercial qualifications. **Those classed as other ethnicities were excluded from the analysis due to their very small numbers.
† Only asked to those aged 4–12 years (and could not therefore 
be included in the multivariate model for 4- to 15-year-olds).



children whose parents had no qualifications than in children whose parents had

completed higher education. 

In the multivariate models to assess the independent association of potential

predictors with cotinine levels, the effects of parental and carer smoking, and of

smoking in the home, remained significant but their impacts were less significant

than those estimated in the univariate models (Table 2.1). In 4- to 15-year olds, the

most important predictors remained parental smoking status, whether someone

smokes inside the home, ethnicity, and the various measures of socio-economic

status (social class, parental education, employment of the head of household).

The model for 4- to 12-year-olds, which also included carer smoking (not asked in

those aged over 12), was very similar, although carer smoking and gender were

also significant (Table 2.1). This analysis indicated that collectively these variables

‘explained’ just under half of the variation in children’s cotinine levels.8

Importantly, these findings suggest that modifiable factors (whether the child

lives in a home where smoking occurs regularly, whether the parents smoke, and

whether the child is looked after by carers that smoke) have by far the greatest

influence on children’s exposure to passive smoke. The association between

socio-economic status and children’s exposure is unsurprising, given that lower

socio-economic status is closely linked with higher smoking prevalence. Never-

theless, the persistent independent and significant effects of the socio-economic

status predictors in the multivariate model indicate that children from poorer

backgrounds have higher exposure even after allowing for any differences in the

2 Passive smoking in UK children 27
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Fig 2.2 Geometric mean saliva cotinine in non-smoking children by age in years
(pooled data from 1996–2006).
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likelihood that their parents or carers smoke, or that someone smokes regularly

in their home. There are a number of possible reasons for this. Community

exposure, for example by frequenting more venues allowing smoking and where

more people smoke, may be higher in these children. Home exposure may also

be higher due to, for example, a greater intensity of smoking in homes where

regular smoking occurs and fewer home smoking restrictions. These children

may also spend more time inside the home.

2.2.2 Trends over time in passive smoke exposure

Salivary cotinine levels in children in the HSE fell progressively, by a mean of

0.4 ng/ml (nearly 70%), between 1996 (geometric mean 0.59 ng/ml) and 2007

(geometric mean 0.19 ng/ml; see Fig 2.3 and Table 2.2). The biggest decrease

occurred between 2005 and 2006 (from 0.38 ng/ml to 0.24 ng/ml), a period of

fairly intense media campaigns and public debates about passive smoking in the

period preceding the introduction of smoke-free legislation. The extent of this

decline differs, however, according to the sociodemographic characteristics of the

child (Fig 2.4), whether the child’s parents smoke, and whether smoking is allowed

in the home (Table 2.2, Fig 2.5), in that the absolute reduction in exposure

between 1996 and 2007 was greatest among the children who were most exposed

at the outset. This was confirmed in a separate analysis which examined absolute

changes in measured exposure in the 11 years leading up to the smoke-free

legislation.8 In line with the data displayed in Fig 2.4, absolute declines in median

28 Passive smoking and children
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Fig 2.3 Trends in geometric mean saliva cotinine in non-smoking children aged 4–15
years, 1996–2007.
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Table 2.2 Geometric mean cotinine levels in non-smoking children aged 4–15 years by number of parents who smoke and whether some-
one smokes in the home on most days.

No smoking in home on most days Smoking in home on most days
All children No parent 1 parent 2 parents No parent 1 parent 2 parents 

Year combined smokes smokes smoke All children smokes smokes smoke All children

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

1996 0.59 0.56– 0.29 0.27– 0.39 0.32– 1.12 0.69– 0.30 0.28– 1.00 0.78– 1.81 1.67– 2.85 2.58– 1.97 1.85–
0.62 0.31 0.46 1.82 0.32 1.28 1.95 3.15 2.10

1997 0.52 0.48– 0.26 0.24– 0.37 0.28– 1.49 0.71– 0.27 0.25– 0.88 0.55– 1.75 1.56– 2.56 2.21– 1.85 1.68–
0.56 0.28 0.48 3.15 0.29 1.41 1.97 2.95 2.03

1998 0.52 0.49– 0.24 0.23– 0.44 0.34– 0.91 0.51– 0.26 0.24– 0.66 0.46– 1.77 1.61– 2.61 2.31– 1.83 1.70–
0.56 0.26 0.57 1.65 0.28 0.94 1.93 2.94 1.98

2001 0.48 0.45– 0.25 0.23– 0.41 0.33– 0.89 0.60– 0.26 0.25– 0.79 0.57– 1.70 1.53– 2.34 1.96– 1.73 1.59–
0.51 0. 26 0.51 1.33 0.28 1.09 1.88 2.79 1.89

2002 0.41 0.37– 0.20 0.18– 0.27 0.20– 0.94 0.48– 0.21 0.19– 0.79 0.43– 1.56 1.34– 2.95 2.51– 1.78 1.58–
0.46 0.22 0.37 1.81 0.23 1.48 1.82 3.46 2.02

2003 0.47 0.44– 0.25 0.23– 0.37 0.29– 0.63 0.40– 0.26 0.25– 1.08 0.74– 1.71 1.52– 1.92 1.63– 1.69 1.54–
0.51 0.27 0.46 0.99 0.28 1.57 1.93 2.26 1.86

2005 0.38 0.34– 0.21 0.19– 0.41 0.29– 0.61 0.25– 0.23 0.21– 0.38 0.17– 1.44 1.18– 2.01 1.52– 1.41 1.19–
0.42 0.23 0.58 1.46 0.26 0.81 1.76 2.66 1.67

2006 0.24 0.22– 0.12 0.11– 0.31 0.25– 0.38 0.20– 0.14 0.13– 0.67 0.35– 1.41 1.21– 1.81 1.42– 1.42 1.25–
0.26 0.13 0.39 0.72 0.15 1.25 1.64 2.31 1.62

2007 0.19 0.17– 0.10 0.09– 0.32 0.22– 0.25 0.07– 0.11 0.10– 0.24 0.08– 1.35 1.05– 2.18 1.42– 1.38 1.12–
0.22 0.10 0.46 0.96 0.12 0.71 1.72 3.35 1.72

All years 0.44 0.43– 0.22 0.21– 0.37 0.34– 0.70 0.57– 0.23 0.23– 0.80 0.69– 1.67 1.61– 2.46 2.33– 1.75 1.70–
0.45 0.22 0.40 0.87 0.24 0.92 1.74 2.60 1.81
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Fig 2.4 Trends in geometric mean
cotinine in non-smoking children aged
4–15 years by social class of head of
household, highest educational
qualification of parents and ethnicity
(pooled data from 1996–2007). 
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cotinine levels were significantly higher in children from semiskilled or unskilled

occupation households compared to professional or managerial occupation

households, in children whose parents had no qualifications compared to those

with higher education qualifications, and in white compared to black and Asian

children.8 Exposure was also shown to have fallen most in children with one or

more parents who were smokers, and, consistent with the data shown in Fig 2.5,

particularly in children whose parents both smoked or whose mother smoked,

compared with children with non-smoking parents. These declines in absolute

exposure were not associated with marked relative changes between groups.8

Overall, these results demonstrate that passive smoking in children has

declined markedly over recent years in England, and that absolute inequalities in

exposure have also reduced in the years leading up to the smoke-free legislation.

These reductions in exposure are likely to be attributable in part to reductions

in the prevalence of adult smoking in the general population (and thus in the

proportion of parents smoking), but other factors may also be involved. These

factors are explored further in the next section.

2.2.3 Trends in parental smoking and smoking in the home

Figure 2.6 shows trends in the proportions of non-smoking children living with

smoking and non-smoking parents between 1996 and 2007, and illustrates

declines in the proportion of children living with two smoking parents (from

11% to 5%), little change in the number living with one smoking parent, and an

increase in the percentage living with no smoking parents (from 60% to 69%).

The proportion of children living in a home without regular smoking indoors

has also increased markedly over time from 64% in 1996 to 78% in 2007, partic-

ularly among children whose parents smoke (Table 2.3). The proportion of these

homes among households where one parent smokes almost doubled from 21%

in 1996 to 37% in 2007. There was an even more marked increase among homes

2 Passive smoking in UK children 31
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in which both parents smoke, from 6% in 1996 to 21% in 2007 having no regular

smoking indoors, although clearly the majority of homes of smoking parents still

allow smoking indoors. 

These findings indicate that increases over time in both the proportion of chil-

dren living with non-smoking parents, and in homes where regular smoking

does not occur (including homes of smoking and non-smoking parents), are

likely to have contributed to the decline in children’s passive smoke exposure.

While home smoking restrictions are still more prevalent in homes with non-

smoking parents, the increasing proportion of smoking parents who have elected

not to smoke in the home is notable and likely to have had an important impact. 

Nevertheless, important differences in avoidable exposure persist, with expo-

sure remaining far greater in children of smokers and those living in homes that

allow regular smoking (Fig 2.5). It is noteworthy that children of both smokers

and non-smokers living in homes where regular smoking does not occur have

much lower levels of passive smoke exposure (Fig 2.5 and Table 2.2). Thus, if we

compare children of non-smoking parents who live in a household allowing smok-

ing with those living in one that does not, we see that their geometric mean coti-

nine levels are almost four times higher (0.80 ng/ml compared with 0.22 ng/ml

over the 12–year period as a whole – Table 2.2). However, children of smokers

living in homes where regular smoking does not occur still have higher levels of

passive smoke exposure than children of non-smoking parents (Fig 2.7).
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Table 2.3 Percentage of children aged 4–15 years living in a smoke-free home, by
year and parental smoking habits.

Neither parent 
smokes or lone 
non-smoking One parent Both parents 

Year All children (%) parent (%) smokes (%) smoke (%)

1996 64 95 21 6

1997 66 96 19 9

1998 64 96 19 8

2001 69 97 23 10

2002 68 96 25 12

2003 69 96 26 17

2005 73 97 32 26

2006 77 98 38 26

2007 78 99 37 21



Over time, cotinine levels have declined most in absolute terms among chil-

dren living in homes allowing smoking (by 0.59 ng/ml from 1.97 ng/ml in 1996

to 1.38 ng/ml in 2007) than in homes that do not (a decline of 0.19 ng/ml, from

0.30 ng/ml to 0.11 ng/ml – Table 2.2 and Fig 2.5). However, whilst absolute dif-

ferences in exposure between smoking and non-smoking homes have fallen over

this 12-year period, the smaller proportional change in those living in homes

that allow smoking means that relative inequalities have increased. This is con-

sistent with the evidence emerging from Scotland on the impact of smoke-free

legislation on inequalities in exposure, described further below (section 2.3).

2.2.4 Prevalence and determinants of smoking in the home

The proportion of households in which someone smokes inside on most days

varies widely by parental smoking status and socio-economic status (Table 2.4).

In only 3.8% of households where neither parent smokes does someone smoke

inside on most days. This compares with 88% of households where both parents

smoke, 81% where only the mother smokes and 65% where only the father

smokes. Households where regular smoking does not occur in the home are

more likely to be of higher socio-economic status, whether defined by the head

2 Passive smoking in UK children 33
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Fig 2.7 Cotinine levels in non-smoking children aged 4–15 years living in homes where
regular smoking does not occur, by parental smoking status (pooled data from
1996–2007).
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Table 2.4 Comparison of households containing non-smoking children aged

4–15 years that do and do not allow smoking inside (based on whether someone

smokes inside the home on most days), by socio-economic indicators.

HSE 1996–2007 combined.

Does someone smoke inside the home 

on most days?

Socio-economic
YES NO

indicator (no.) (%)* (no.) (%)* Total

Social class of I and II 889 16.9 4,371 83.1 5,260

head of household (professional and 

management) 

III (skilled manual 1,890 37.0 3,214 63.0 5,104

and non-manual)

IV and V (semi- 1,253 50.2 1,244 49.8 2,497

skilled and unskilled 

manual)

Employment status Employed 2,849 26.6 7,851 73.4 10,700

of head of household
Unemployed 461 57.2 345 42.8 806

Other 839 50.1 835 49.9 1,674

Highest education Higher education 944 17.7 4,393 82.3 5,337

status achieved by qualification

either parent
School level 2,377 37.0 4,053 63.0 6,430

qualification or other

No qualification 880 56.7 672 43.3 1,552

Ethnicity** White 3,845 32.5 8,002 67.5 11,847

Black or Asian 215 20.0 861 80.0 1,076

Parental smoking Neither parent 313 3.8 8,028 96.2 8,341

status smokes

Only father smokes 824 64.5 454 35.5 1,278

Only mother smokes 1,931 81.3 445 18.7 2,376

Both parents smoke 1,103 88.0 150 12.0 1,253

* % of row total

** Those classed as other ethnicities were excluded from the analysis due to their very small numbers.
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of household’s occupation, employment status or educational attainment, and to

contain children of black or Asian ethnicity. Smoking parents living in these

homes were also considerably lighter smokers (across all years combined, their

usual daily cigarette consumption averaged 8.2), compared with parents from

homes where regular smoking occurred (16.2 cigarettes per day), and their aver-

age cotinine was 188.8 ng/ml compared with 318.9 ng/ml. This latter finding sug-

gests that lighter smokers may be able to implement restrictions on smoking in

the home more easily than someone with a higher level of nicotine addiction, but

it is also possible that restricting smoking in the home has facilitated a reduction

in their cigarette consumption and nicotine intake.

2.3 Smoke-free policy and passive smoke exposure of children in
Scotland 

Cross-sectional surveys of nationally representative samples of 11-year-old

school children in their final year in primary school10 were carried out in January

2006 and January 2007 – before and after the Scottish legislation came into force

on 26 March 2006. Geometric mean salivary cotinine levels fell significantly from

0.36 ng/ml before the legislation, to 0.22 ng/ml after legislation, a decrease of

0.14 ng/ml or about 40%. A fall of similar relative and absolute magnitude, from

0.43 ng/ml to 0.26 ng/ml, was reported in a pre- and post-legislative study of

exposure in adults in Scotland.11
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Fig 2.8 Geometric mean salivary cotinine concentrations in Scottish 11-year-old children
before and after the introduction of smoke-free legislation, by parental smoking status.
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More detailed analysis of the Scottish data reveals that the reductions were not

uniform across population groups. As with the English data, exposure levels were

far greater in children of smokers, particularly those whose parents both smoked

or whose mother smoked, and absolute reductions in salivary cotinine tended to

be larger in such children – from 1.94 ng/ml to 1.74 ng/ml (a 0.20 ng/ml decline)

in children from homes where both parents smoked, from 1.38 ng/ml to

1.23 ng/ml (a 0.15 ng/ml decline) from homes where the mother smoked,

0.57 ng/ml to 0.32 ng/ml (a 0.25 ng/ml decline) from homes where the father

smoked, and from 0.14 ng/ml to 0.07 ng/ml (a 0.7 ng/ml decline) from homes

where neither parent smoked (Fig 2.5). However, the largest relative falls were

seen in those least exposed at the outset – children living in homes where neither

parent smoked (51%) or where only the father smoked (44%). A comparison of

children from homes where both parents smoked with those where neither par-

ent smoked shows that the absolute differences in mean cotinine fell from

1.8 ng/ml before the legislation to 1.67 ng/ml afterwards, but that relative differ-

ences increased from a 14-fold ratio before legislation to 25-fold after legisla-

tion.10 Exposure levels in children of smokers thus remain high, and marked

inequalities in passive smoking exposure persist. 

2.4 Data from Northern Ireland

A study of non-smoking children in Northern Ireland, of similar design to the

Scottish study outlined above, found a small but non-significant drop in chil-

dren’s geometric mean cotinine concentration following the introduction of

smoke-free legislation, from 0.174 ng/ml to 0.159 ng/ml – a mean decrease of

0.015 ng/ml, or about 9%.12 The smaller decline compared with Scotland and

England may be due to Northern Ireland having much lower levels of cotinine

before the legislation was introduced (0.174 ng/ml, compared with 0.36 ng/ml in

Scotland). There was a reduction in self-reported passive smoke exposure in a

range of public places (for example, the percentage of children who reported

someone smoking in cafes or restaurants reduced from 27% to 8%), and more

home smoking restrictions were observed (for example, the percentage of chil-

dren who reported that smoking is allowed anywhere in their home reduced

from 15% to 10%) following the introduction of legislation. These resulted in a

significant increase in the proportion of children reporting they were ‘never’ in a

location where someone else was smoking, from 8% to 12%. However, the extent

of this change varied by parental smoking status. Significantly more children

reported ‘never’ being in a smoking location if neither parent smoked, or only

the father smoked, but not if only the mother or both parents smoked.
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2.5 Data from Wales

A recently published study from Wales also examined changes in geometric mean

salivary cotinine in children aged 10–11 from 75 Welsh primary schools immedi-

ately pre-legislation and one year later.13 Concentrations did not fall significantly

overall: mean cotinine concentrations were 0.17 ng/ml pre-legislation and

0.15 ng/ml post-legislation (compared with 0.36 ng/ml and 0.22 ng/ml respec-

tively in Scotland). Significant movement was, however, observed from the

middle (0.10–0.50 ng/ml) to lower tertile, though not from the higher end

(>0.51 ng/ml) to the middle. Again, it is notable that the exposure levels in Wales

were considerably lower than those in Scotland.

2.6 Data from other countries

As has been observed in England and Scotland, many other countries have experi-

enced a gradual reduction in passive smoke exposure over recent years, probably

arising from reductions in smoking prevalence, tobacco consumption, and

changes in where smoking occurs.14 Thus, there is overwhelming evidence, from a

large number of jurisdictions and a recent systematic review, that restrictions on

smoking in public places lead to declines in passive smoke exposure.14 Indeed, this

has been seen in every country examined, although there are variations in the

extent to which population subgroups are differentially affected.14 Importantly,

such evidence also shows that the implementation of public smoking restrictions is

not linked to increased exposures in other settings.14 It is instead associated with

reduced exposure to passive smoke and greater adoption of smoke-free policies

in homes, with such evidence seen, for example, in the USA,14–16 Australia,15–16

Ireland17 and New Zealand.18

2.7 Summary 

H Children are particularly vulnerable to passive smoke exposure, most of

which occurs in the home.

H The most important determinants of passive smoke exposure in children

are whether their parents or carers smoke, and whether smoking is allowed

in the home.

H Relative to children whose parents are non-smokers, passive smoke expo-

sure in children is typically around three times higher if the father smokes,

over six times higher if the mother smokes, and nearly nine times higher if

both parents smoke.
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H Smoking by other carers is also a significant source of passive smoke

exposure.

H Children who live in households where someone smokes on most days are

exposed to about seven times more smoke than children who live in

smoke-free homes.

H Children who live with non-smoking parents are much more likely to live

in smoke-free homes than those whose parents are smokers.

H Children from socio-economically disadvantaged backgrounds are

generally more heavily exposed to smoke than other children, probably

because of heavier smoking inside the family home and in other places

visited by children.

H The overall level of passive smoke exposure in children has fallen

substantially over recent years.

H This is probably because the number of parents and carers who smoke, and

the number of parents who allow smoking inside the family home, have

both fallen over this period.

H The reductions in passive smoke exposure have occurred in all sectors of

society, but a significant proportion of children are still exposed, and

exposure is still greatest among lower socio-economic status households. 

References

1 Royal College of Physicians. Going smoke-free: the medical case for clean air in the home, at
work and in public places. Report of a working party. London: RCP, 2005.

2 Ashley MJ, Ferrence R. Reducing children’s exposure to environmental tobacco smoke in
homes: issues and strategies. Tob Control 1998;7(1):61–5.

3 Willers S, Skarping G, Dalene M, Skerfving S. Urinary cotinine in children and adults
during and after semiexperimental exposure to environmental tobacco smoke. Arch
Environ Health 1995;50(2):130–8.

4 Jarvis MJ, Goddard E, Higgins V et al. Children’s exposure to passive smoking in England
since the 1980s: cotinine evidence from population surveys. BMJ 2000 Aug 5;321(7257):
343–5.

5 Health Survey for England homepage 2009. www.dh.gov.uk/en/Publicationsandstatistics/
PublishedSurvey/HealthSurveyForEngland/index.htm

6 Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke exposure.
Epidemiol Rev 1996;18(2):188–204.

7 Jarvis MJ, Fidler J, Mindell J, Feyerabend C, West RJ. Assessing smoking status in children,
adolescents and adults: cotinine cut-points revisited. Addiction 2008;103(9):1553–61.

8 Sims M, Tomkins S, Judge K et al. Trends in and predictors of second hand smoke
exposure indexed by cotinine in children in England from 1996–2006. Addiction 2010;
105(3):543–53.

9 Jarvis MJ, Mindell J, Gilmore A, Feyerabend C, West R. Smoke-free homes in England:
prevalence, trends and validation by cotinine in children. Tob Control 2009;18:491–5.

38 Passive smoking and children

© Royal College of Physicians 2010. All rights reserved.

www.dh.gov.uk/en/Publicationsandstatistics/PublishedSurvey/HealthSurveyForEngland/index.htm


10 Akhtar PC, Currie DB, Currie CE, Haw SJ. Changes in child exposure to environmental
tobacco smoke (CHETS) study after implementation of smoke-free legislation in
Scotland: national cross sectional survey. BMJ 2007;335:545–9.

11 Haw SJ, Gruer L. Changes in exposure of adult non-smokers to secondhand smoke after
implementation of smoke-free legislation in Scotland: national cross sectional survey.
BMJ 2007;335(7619):549–52.

12 Health Promotion Agency. Childhood exposure to tobacco smoke (CHETS) in Northern
Ireland. HPA, 2009.

13 Holliday J, Moore G, Moore L. Changes in child exposure to secondhand smoke after
implementation of smoke-free legislation in Wales: a repeated cross-sectional study. BMC
Public Health 2009;9(1):430.

14 International Agency for Research on Cancer. Reductions in exposure to secondhand
smoke and effects on health due to restrictions on smoking. In: IARC handbook of cancer
prevention, tobacco control: evaluating the effectiveness of smoke-free policies, Chapter 7.
Lyon, France: WHO/IARC, 2009.

15 Borland R, Mullins R, Trotter L, White V. Trends in environmental tobacco smoke
restrictions in the home in Victoria, Australia. Tob Control 1999;8(3):266–71.

16 Borland R, Yong HH, Cummings KM et al. Determinants and consequences of smoke-free
homes: findings from the International Tobacco Control (ITC) Four Country Survey. Tob
Control 2006;15 (suppl 3):iii42–50.

17 Fong GT, Hyland A, Borland R et al. Reductions in tobacco smoke pollution and increases
in support for smoke-free public places following the implementation of comprehensive
smoke-free workplace legislation in the Republic of Ireland: findings from the ITC
Ireland/UK Survey. Tob Control 2006;15(suppl 3):iii51–8.

18 Edwards R, Thomson G, Wilson N et al. After the smoke has cleared: evaluation of the
impact of a new national smoke-free law in New Zealand. Tob Control 2008;17(1):e2. 

2 Passive smoking in UK children 39

© Royal College of Physicians 2010. All rights reserved.



3.1 Background
3.2 Prevalence of smoking among pregnant women 
3.3 Effects of maternal active smoking on fertility and the fetus
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3.5 Effects of maternal passive smoking on fertility and the fetus
3.6 Bias and confounding in observational studies
3.7 Limitations of the studies of maternal passive smoking
3.8 Summary

3.1 Background

It has been recognised for many years that maternal smoking during pregnancy

has substantial adverse effects on the fetus. There is extensive evidence from

human and animal studies on the biological mechanisms of how tobacco smoke

affects the female reproductive system and fetal development.1–5 Many of the

4,000 chemicals in tobacco smoke, including nicotine and carbon monoxide, can

cross the placental barrier and have a direct toxic effect on the fetus, as well as on

the mother. Nicotine itself is a vasoconstrictor, causing restriction of blood flow

to the placenta and the fetus. In one recent study, endothelial function, which is

associated with regulating blood flow, was markedly lower in pregnant smokers

compared to pregnant non-smokers.2 Carbon monoxide binds to haemoglobin

so that less oxygen is available to both mother and fetus, thus leading to fetal

hypoxia, which in some instances can cause birth defects. Cadmium from

tobacco smoke accumulates in the placenta and may affect fetal growth. Expo-

sure to tobacco smoke also disrupts the formation of new blood vessels, a process

integral to fetal development, including the development of the neurological

system which regulates the heart and circulation. 

Given the potential adverse effects of all of these biologically plausible mecha-

nisms on fetal growth, maternal smoking in pregnancy is clearly a potential cause

of major morbidity and mortality to the fetus and newborn baby. Most research

on the adverse effects of smoking on the fetus has been carried out in relation to

active maternal smoking, but fetal exposure also occurs as a result of maternal

Effects of maternal active and 3 passive smoking on fetal and 
reproductive health 

40 © Royal College of Physicians 2010. All rights reserved.



exposure to passive smoke. In this chapter we review the evidence available on

the adverse effects of active and passive smoking among pregnant women. Where

possible, we have used published definitive systematic reviews to summarise the

available evidence. Where definitive reviews are not available, we have carried

out our own searches and meta-analyses. For data on the effects of active mater-

nal smoking, for which an extensive literature is available, we have, for conve-

nience, limited our reviews to the larger published studies. For the effects of

maternal passive smoke exposure, we have carried out comprehensive reviews. 

3.2 Prevalence of smoking among pregnant women 

In England in 2006, 32% of all expectant women smoked just before or during

pregnancy, and 17% continued to smoke throughout pregnancy.6 In Scotland,

the overall prevalence of smoking during pregnancy was 23% in 2005.7 In Eng-

land, women under 20 years of age are five times as likely to smoke throughout

pregnancy as women aged 30 years or over (smoking prevalence 45% and 9%

respectively).6 The prevalence of maternal smoking is strongly and inversely

associated with age and occupation (an indicator of socio-economic status)

(Table 3.1). Women in routine or manual work are four times as likely to smoke

throughout pregnancy as women in management or professional work (smoking

prevalence 29% and 7% respectively).6 Young, socially disadvantaged women are

therefore highly likely to smoke through pregnancy. Less than half of women

who smoke are successful in quitting smoking before or during pregnancy.6

3.3 Effects of maternal active smoking on fertility and the fetus

3.3.1 Fertility

Around 25% of women of reproductive age experience infertility at some point in

their lives. Infertility is usually defined as failure to achieve conception after

12 consecutive months of unprotected intercourse. A systematic review of 12

observational (cohort and case-control) studies, based on 50,166 women in total,

showed that women who smoke are less likely to conceive, or take longer to con-

ceive than non-smokers.8 There was a 60% increase in the risk of infertility com-

pared with non-smokers (relative risk (RR) 1.60, 95% CI 1.34 to 1.91), based on

all studies; the pooled excess risk among the eight cohort studies (20,059 women)

was 42% (RR 1.42, 95% CI 1.27 to 1.58).8 Several individual studies in the review

found that the risk of infertility increased with increasing cigarette consumption –

evidence of a dose–response relationship. Adjustment for potential confounding

factors (such as age, alcohol use, education and parity – see also section 3.6) did
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not materially alter the risk estimates reported by several studies. There is also evi-

dence that active smoking among men damages sperm and is associated with male

sexual impotence.1

3.3.2 Fetal mortality

Fetal death is generally referred to as a spontaneous abortion or miscarriage if it

occurs before the 20th (sometimes 24th) week of pregnancy, and perinatal mor-

tality if it occurs between 20 weeks (or 24 weeks) of pregnancy and the first week

of life. Deaths in the week after birth are classified as neonatal deaths. The associ-

ation between maternal smoking and an increased risk of fetal mortality has been

recognised since the late 1950s, and governmental reports from both the USA and

UK have identified this as a major adverse outcome of maternal smoking since

1969, as summarised in reports from the Department of Health and Human

42 Passive smoking and children
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Table 3.1 Smoking prevalence in pregnant women in England (2005) according to
age and socio-economic status.6

Percentage of women smoking

Before or during 
Maternal age pregnancy Throughout pregnancy

≤20 68 45

21–24 49 28

25–29 29 14

30–34 23 9

35+ 20 9

All 32 17

Percentage of women smoking

Before or during 
Occupational group pregnancy Throughout pregnancy

Routine, manual 48 29

Intermediate 30 12

Managerial, professional 19 7

Other 31 17

Never worked 33 23

All 32 17



Services.9,10 A 1995 systematic review and meta-analysis of the effect of maternal

smoking on perinatal mortality, using data from 23 cohort studies, including

657,288 pregnancies, found a 26% increase in the risk of perinatal deaths

(RR 1.26, 95% CI 1.19 to 1.34).11 In the UK, with a prevalence of maternal smok-

ing of about 20%, that would theoretically result in around 300 perinatal deaths

per year attributable to smoking.

The 1995 review also analysed data on spontaneous abortion from seven cohort

studies based on 86,632 pregnancies, and found a 24% increase in risk (RR 1.24,

95% CI 1.19 to 1.30) among smokers compared to non-smokers. In a further anal-

ysis of data from six case-control studies (10,535 pregnancies) the increase in risk

of spontaneous abortion was 32% (RR 1.32, 95% CI 1.18 to 1.48).11 Using these

results, and a smoking prevalence of between 18% and 27%, the authors estimated

that 3% to 7.5% of all miscarriages could be attributable to smoking.11 Individual

studies in the review that allowed for the effects of possible confounding factors

(such as maternal age, previous miscarriage, alcohol consumption, education and

ethnicity) still found a raised risk. There was also evidence of a dose–response rela-

tionship between cigarette consumption and risk of miscarriage. Each year in the

UK, an estimated 3,000 to 5,000 miscarriages are caused by maternal smoking.1

3.3.3 Small for gestational age and low birth weight

Several studies have examined the association between maternal smoking and

restricted fetal growth during pregnancy (intrauterine growth retardation). A

measure of intrauterine growth retardation is whether the fetus is small for its

gestational age, defined as being in the lowest 10% (sometimes 15%) of body

weights for that gestation. These studies were reviewed in the US Surgeon

General’s report in 2004,10 and indicated that pregnant women who smoked

were 1.5 to 2.5 times more likely to have a baby that was small for gestational age.

Maternal smoking is an established cause of low birth weight, an important

factor associated with infant morbidity and mortality. Babies from mothers who

have smoked through pregnancy weigh an average of 250 g less than those from

non-smoking mothers.9,10,12 Babies are usually classified as having low birth

weight if they weigh less than 2,500 g at birth. In a systematic review of 22 stud-

ies, based on data from 347,553 pregnancies, women who smoke had an 82%

increase in risk (RR 1.82, 95% CI 1.67 to 1.97), compared with non-smokers, of

giving birth to a low birth weight baby.11 All but one of these studies reported

statistically significant results. Each year in the UK, an estimated 14,000 to 19,000

babies are born with low birth weight attributable to maternal smoking.1 Addi-

tional evidence that the association is causal comes from randomised trials of
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smoking cessation during pregnancy showing that birth weight is increased when

the mother quits smoking.12,13

3.3.4 Premature births

Preterm delivery is usually defined as birth before 37 weeks of pregnancy.

Preterm birth is a major cause of infant mortality, and can affect physical and

mental development during childhood.14,15 A systematic review of 20 prospective

cohort studies, based on 65,910 pregnancies, of which 6,183 were premature,

showed that maternal smoking increased the risk of having a premature birth by

27% (odds ratio (OR) 1.27, 95% CI 1.21 to 1.33).16 There was evidence of a

dose–response relationship: light or moderate smokers (fewer than 10 or some-

times 20 cigarettes per day) had a 22% increase in risk, and heavy smokers (more

than 20 cigarettes per day) had a 31% excess risk. In the UK, a prevalence of

maternal smoking of 20% and an OR estimate of 1.27 could lead to around 2,200

premature singleton births per year that are attributable to smoking.

3.3.5 Congenital malformations

In England and Wales in 2004, 5,677 babies born alive or stillborn had at least

one birth defect (excluding those with a chromosomal abnormality), represent-

ing a birth prevalence of 9 per 1,000 each year.17 Congenital malformations vary

widely in severity, but can cause significant physical and mental morbidity to the

child and parents, and result in significant and sometimes lifelong healthcare

costs. It is plausible that the narrowing of blood vessels caused by substances in

tobacco smoke (some of which were referred to in Section 3.1) might lead to ter-

atogenic effects arising from ischaemia, necrosis, and ultimately resorption of

body structures during early development.18 Many research studies have exam-

ined the association between maternal smoking and a variety of congenital

abnormalities, but there has not been a full systematic review in this field.

We therefore provide (in Tables 3.2 to 3.8) the results of the available larger

observational studies of maternal active smoking and a range of congenital

anomalies,18–49 identified from an electronic search of the medical literature

(Medline 1966–2009).

3.3.5.1 All congenital abnormalities

It is unclear whether smoking is associated with an increased risk of all malforma-

tions combined (Table 3.2). The largest available study, based on over 1.4 million
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Table 3.2 Studies of the association between maternal active smoking and the risk of all malformations considered together.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Butler 196920 Cohort British Perinatal 1958 15,708 97 1.18 (0.77 to 1.80) None
Mortality Survey (UK)

Kelsey 197831 Case-control Connecticut hospitals (USA) 1974–1976 2,968 1,369 1.10 (0.96 to 1.26) None

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 65,745* 1,864 0.98 (0.89 to 1.07) None

Shiono 198645 Cohort Kaiser Permanente Birth 1974–1977 28,810 592 major 1.0 (0.8 to 1.2) M, R A
Defects Study (USA) defects

4,032 minor 0.9 (0.8 to 0.9) as above
defects

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 10,223 0.98 (0.94 to 1.03) M, R, S, E, P 
Registry (USA)

Seidman 199043 Cohort Jerusalem hospitals (Israel) 1974–1976 17,152 in 1,767 major 0.94 (0.62 to 1.43) M, P, R, E, S, 
total malformations J, H 

11,183 minor 1.06 (0.90 to 1.25) as above
malformations

Van Den Eeden Case-control Washington State Birth 1984–1986 4,500 3,048 1.0 (0.9 to 1.1) M, P
199048 Records (USA)
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Table 3.2 Studies of the association between maternal active smoking and the risk of all malformations considered together – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 26,619 all 1.03 (1.0 to 1.06) M, B, P, E 
Congenital Malformations malformations

25,210 1.02 (0.99 to 1.05) as above
(isolated)

1,409 (≥2 mal- 1.15 (1.02 to 1.29) as above
formations)

Morales-Suarez- Cohort Danish National Birth Cohort 1997–2003 73,001 3,767 1.10 (1.0 to 1.2) M, A
Varela 200640

* Could have other abnormalities
† Abbreviations: A = alcohol; B = birth year or month; C = coffee; D = diabetes; E = education; G = registry; H = history of miscarriage; J = occupation; M = maternal age; 
O = birth order; P = parity; R = race/ethnicity; S = marital status; V = various maternal disorders.



pregnant women,30 reported a small (3%) but statistically significant increase in

risk and, among smokers of 10 or more cigarettes per day, a 34% increase in risk of

having a baby with two or more malformations. However, whilst this study

adjusted for a range of confounding effects, it did not control for the effect of alco-

hol intake. The next largest study, of 288,067 women, found no evidence of an

increase in risk of congenital malformation,36 whilst a study of 76,768 women

reported in 200640 suggested a 10% increase in risk after allowing for maternal age

and alcohol intake. The evidence is therefore inconsistent, but the absence of a

clear effect on all abnormalities does not exclude significant effects on individual

or subgroups of abnormality. 

3.3.5.2 Heart defects

Congenital heart defects represent one of the most common and serious birth

anomalies in developing countries. In England and Wales in 2004, these defects

accounted for over a fifth of all congenital abnormalities, 17 and in the USA they

occur in 8–10 of every 1,000 live births.35 Surviving infants often require several

operations during their lifetime. Table 3.3 shows the results of selected studies of

maternal smoking and cardiovascular disease of infants at birth. The largest of

these studies indicated a 15% increase in the risk of having a baby with a heart

defect,30 but this is not apparent in all the other large studies. However, the case-

control study by Malik et al,35 which had the greatest number of infants with a

heart defect (n=3,067), reported a clear adverse effect of smoking on septal

defects, with a 50% increase in risk for all types and a doubling of the risk

for atrial septal defects. This study adjusted for the effects of several potential

confounders, including maternal age and alcohol intake. 

3.3.5.3 Musculoskeletal defects

Musculoskeletal defects of the muscles, bones and limbs include a range of prob-

lems such as missing or extra fingers or toes, missing or underdeveloped limbs,

and clubfoot. They are the most common birth abnormality, and in England and

Wales in 2004, constituted 34% of all congenital anomaly cases.17 Of the studies

in Table 3.4 that reported results for all such defects combined, there was little

evidence of an increased risk. However, a clearer effect is seen for limb reduction

defects, which include the absence or severe underdevelopment of the hands or

feet (transverse limb reductions), or of the radius, tibia, ulna or fibula (longitu-

dinal limb reductions). All of the five studies on limb reduction defects reported

raised risks associated with maternal smoking,18,19,30,45,48 with two that were
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Table 3.3 Studies of the association between maternal active smoking and the risk of heart/cardiovascular defects.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kelsey 197831 Case-control Connecticut hospitals (USA) 1974–1976 2,968 213 septal 1.05 None
defects

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 67,386* 223 0.80 (0.61 to 1.05) None

Christianson Cohort Kaiser Foundation Health 1959–1966 12,054* 102 0.99 (0.67 to 1.47) None
198023 Plan (USA)

Shiono 198645 Cohort Collaborative Perinatal 1959–1966 53,512* 9 atrial 0.7 (0.2 to 3.5) M, R, A
Project (USA) septal defects

62 ventricular 0.5 (0.2 to 0.96) as above
septal defects

Cohort Kaiser Permanente Birth 1974–1977 33,434* 21 ventricular 1.3 (0.5 to 2.9) as above
Defects Study septal defects

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 1,341 0.92 (0.82 to 1.05) M, R, S, E, P 
Registry (USA)

Van Den Eeden Case-control Washington State Birth 1984–1986 4,500 655 0.9 (0.8 to 1.2) M, P
199048 Records (USA)

McDonald 199238 Cohort Several Montreal hospitals 1982–1984 87,389 318 1.14 (0.92 to 1.40) M, A, C, E 
(Canada)
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Table 3.3 Studies of the association between maternal active smoking and the risk of heart/cardiovascular defects – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Pradat 199241 Case-control Swedish Registry of 1981–1986 2,648 1,324 0.94 (0.78 to 1.14) None
Congenital Malformations

Shaw 199244 Case-control California Birth Defects 1981–1983 176 141 1.21 (0.71 to 2.07) None
Monitoring Program (USA)

Tikkanen 199246 Case-control Finnish Register of 1982–1983 756 50 atrial 0.71 (0.33 to 1.53) M
Congenital Malformations septal defects

Tikkanen 199247 Case-control Finnish Register of 1982–1983 756 90 conal 1.04 (0.61 to 1.76) None
Congenital Malformations defects

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 13,266 1.15 (1.10 to 1.20) M, I, P, E, K
Congenital Malformations

Woods 200149 Cohort TriHealth Hospital system 1998–1999 18,016 in 260 1.56 (1.12 to 2.19) M, R, D 
(USA) total

Cedergren 200222 Case-control Medical Birth Register 1982–1983 524 269 1.19 (0.84 to 1.68) None 
(Sweden)

Cedergren 200621 Cohort Swedish Medical Birth 1992–2001 764,009 6,346 0.97 (0.91 to 1.04) None
Registry

Morales-Suarez- Cohort Danish National Birth Cohort 1997–2003 73,001 746 1.2 (1.0 to 1.4) M, A
Varela 200640
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Table 3.3 Studies of the association between maternal active smoking and the risk of heart/cardiovascular defects – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Grewal 200826 Case-control California hospitals (USA) 1999–2003 691 320 cono- 0.78 (0.45 to 1.34) None
truncal heart 
defects

Malik 200835 Case-control National Birth Defects 1997–2002 773 147 cono- 1.00 (0.81 to 1.22) M, G, R, H, 
Prevention Study truncal defects L, C 

693 302 septal 1.50 (1.28 to 1.76) as above
defects (all)

693 97 atrial 1.98 (1.53 to 1.57) as above 
septal defects

693 138 ventricular 1.34 (1.08 to 1.65) as above
septal defects

* Could have other abnormalities.
† Abbreviations: A = alcohol; B = birth year; C = caffeine; D = diabetes; E = education; G = infant gender; H = family history of heart defects; I = body mass index; 
K = kidney dysgenesis of infant; L = location; M = maternal age; P = parity; R = race/ethnicity; S = marital status.
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Table 3.4 Studies of the association between maternal active smoking and the risk of musculoskeletal defects.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kelsey 197831 Case-control Connecticut hospitals (USA) 1974–1976 2,968 73 clubfoot 1.21 None

50 digit 
anomaly# 0.69 None

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 66,894* 715 musculo- 0.86 (0.74 to 1.00) None
skeletal

Christianson Cohort Kaiser Foundation Health 1959–1966 11,787 369 musculo- 0.77 (0.62 to 0.95) None
198023 Plan (USA) skeletal

Aro 198319 Case-control Finnish Registry of 1964–1977 453 453 limb 1.3 (0.9 to 2.0) M, A
Congenital Malformations reduction 

defects

Shiono 198645 Cohort Kaiser Permanente Birth 1974–1977 28,810 368 clubfoot 0.7 (0.6 to 0.9) M, R A
Defects Study (USA)

73 polydactyly 1.0 (0.6 to 1.6) as above

34 syndactyly 0.7 (0.3 to 1.5) as above

17 limb 2.2 (0.9 to 5.8) as above
reduction

Collaborative Perinatal 1959–1966 53,512 116 clubfoot 0.9 (0.6 to 1.3) M, R A
Project (USA)
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Table 3.4 Studies of the association between maternal active smoking and the risk of musculoskeletal defects – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 3,705 musculo- 0.99 (0.92 to 1.06) M, R, S, E, P 
Registry (USA) skeletal

980 clubfoot 1.02 (0.88 to 1.17) as above

Van Den Eeden Case-control Washington State Birth 1984–1986 4,500 571 skeletal 1.1 (0.9 to 1.3) M, P
199048 Records (USA) defects

171 clubfoot 1.4 (1.0 to 2.0) as above

95 polydactyly 0.9 (0.6 to 1.5) as above

35 limb 1.2 (0.6 to 2.5) as above
reduction

McDonald 199238 Cohort Montreal hospitals (Canada) 1982–1984 89,317 in 614 clubfoot 1.01 (0.86 to 1.19) M, E, R, A, C 
total

223 musculo- 1.05 (0.80 to 1.36) as above
skeletal

Czeizel 199418 Case-control Hungarian Abnormality 1975–1984 537 537 limb 1.68 (1.26 to 2.24) E, O
Registry reduction

Reefhuis 199842 Cohort 26 European Registries of 1980–1994 7,829 chro- 2,905 foot 1.2 (1.1 to 1.3) M, G, P, B 
Congenital Anomalies mosomal defects

defects
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Table 3.4 Studies of the association between maternal active smoking and the risk of musculoskeletal defects – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 1,023 limb 1.26 (1.11 to 1.44) None
Congenital Malformations reduction

3,190 digit 0.97 (0.89 to 1.05) None
anomaly#

Honein 200128 Cohort National Vital Statistics 1997–1998 6,161,506 5,573 digit 1.33 (1.23 to 1.43) M, E, R 
(USA) in total anomaly#

3,894 clubfoot 1.62 (1.49 to 1.75) as above

Woods 200149 Cohort TriHealth Hospital system 1998–1999 18,016 in 14 polydactyly 1.32 (0.28 to 6.12) M R, D
(USA) total

16 foot defect 0.56 (0.07 to 4.30) as above

Man 200637 Case-control US Natality Database (USA) 2001–2002 10,342 5,171 digital 1.31 (1.18 to 1.45) M, V
anomaly#

* Could have other abnormalities
# Missing, fused or extra fingers or toes (polydactyly, syndactyly, adactyly) 
† Abbreviations: A = alcohol; B = birth year or month; C = coffee; D = diabetes; E = education; G = country registry; M = maternal age; O = birth order; P = parity;
R = race/ethnicity; S = marital status; V = various maternal disorders.



statistically significant.18,30 Together, these studies are based on 2,065 infants with

limb reduction defects and 1,421,492 controls, and the pooled excess risk associ-

ated with smoking is 32% (OR 1.32, 95% CI 1.19 to 1.48). Czeizel et al suggested

that the effect was primarily on transverse limb reductions,23 but their analysis

was limited by the smaller number of infants in this subgroup.

A large multi-centre European study based on 2,905 babies with a defect of the

foot demonstrated a 20% increase in the risk of clubfoot in the babies of mothers

who smoked (RR 1.20, 95% CI 1.10 to 1.30),42 whilst a US study of 3,894 infants

reported a 62% excess risk (RR 1.62, 95% CI 1.49 to 1.75).28 Furthermore, the

two studies with the largest number of infants with a digital anomaly (missing or

extra fingers or toes), Honein et al28 (5,573 cases) and Man et al37 (5,171 cases),

each reported an approximate 30% excess risk. However, the evidence was not

consistent across studies. For example, there seemed to be no increase in the risk

of digital anomaly in the large study from Kallen30 (3,190 cases).

3.3.5.4 Defects of the gastrointestinal or genitourinary systems

Tables 3.5 and 3.6 summarise the larger available studies of maternal smoking and

gastrointestinal or genitourinary defects of infants at birth. There does not appear

to be a strong or clear effect on these anomalies, but there is a suggestion of an

association with anal atresia (RR approximately 1.20), gastroschisis (RR 1.5–2.0),

and perhaps kidney/urinary tract defects (RR approximately 1.2–1.5). However,

further studies on these disorders are needed to provide more reliable estimates of

the excess risk, and to look for the degree of consistency between studies.

3.3.5.5 Defects of the central nervous system

The most common defects of the central nervous system (CNS) are spina bifida

and anencephaly. Table 3.7 shows data from selected studies of maternal smoking

and CNS defects of infants at birth. There is no strong evidence of an effect on risk.

3.3.5.6 Defects of the face, eyes, ears and neck

Defects of the head (including face, eyes, ears and neck) account for 10% of all

congenital anomalies in England,17 and are a cause of significant psychological

morbidity. A few large studies have reported the association between maternal

smoking and defects of the face and neck, except cleft lip and palate (Table 3.8),

but there is insufficient evidence of any clear effect. However, a systematic review

of 25 cohort and case-control studies (from 24 reports) has shown a highly

54 Passive smoking and children
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Table 3.5 Studies of the association between maternal active smoking and the risk of gastrointestinal defects.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kelsey 197831 Case-control Connecticut hospitals (USA) 1974–1976 2,968 56 1.55 None

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 66,894* 134 1.09 (0.78 to 1.53) None

Christianson Cohort Kaiser Foundation Health 1959–1966 11,765 391 1.38 (1.13 to 1.69) None
198023 Plan (USA)

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 961 1.11 (0.96 to 1.29) M, R, S, E, P 
Registry (USA)

Goldbaum 199025 Case-control Washington State Birth 1984–1987 617 62 gastro- 2.0 (1.03 to 3.8) M, B, R, S, J, 
Registry (USA) schisis P, H

Van Den Eeden Case-control Washington State Birth 1984–1986 4,500 35 anal 0.9 (0.4 to 2.2) M, P
199048 Records (USA) atresia

66 omphalo- 1.4 (0.8 to 2.4) as above
cele

McDonald 199238 Cohort Montreal hospitals (Canada) 1982–1984 89,317 in 109 digestive, 0.97 (0.67 to 1.40) M, E, R, A, C 
total respiratory

Haddow 199327 Cohort Foundation for Blood 1980–1989 67,103 21 gastro- 2.1 (0.9 to 4.8) M, B
Research screening (USA) schisis
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Table 3.5 Studies of the association between maternal active smoking and the risk of gastrointestinal defects – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 1,402 1.01 (0.89 to 1.14) None
Congenital Malformations

410 anal 1.29 (1.02 to 1.63) M, B, P, E, K
atresia

Honein 200128 Cohort National Vital Statistics 1997–1998 6,161,506 564 anal 1.19 (0.94 to 1.50) M, E, R 
(USA) in total atresia

1,972 1.37 (1.22 to 1.53) as above
omphalocele, 
gastroschisis

Woods 200149 Cohort TriHealth Hospital system 1998–1999 18,016 in 18 0.54 (0.07 to 4.11) M R, D
(USA) total

Morales-Suarez- Cohort Danish National Birth 1997–2003 73,001 214 1.3 (1.0 to 1.7) M, A
Varela 200640 Cohort

Miller 200939 Case-control National Birth Defects 1997–2003 4,940 464 anal 1.2 (1.0 to 1.5) None
Prevention Study (USA) atresia

† Abbreviations: A = alcohol; B = birth year or month; C = coffee; D = diabetes; E = education; H = history of miscarriage; J = occupation; K = kidney dysgenesis of infant;
M = maternal age; P = parity; R = race/ethnicity; S = marital status.
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Table 3.6 Studies that have examined the association between maternal active smoking and the risk of defects of the genitourinary system
or renal tract.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 66,894* 134 1.09 (0.78 to 1.53) None

Christianson Cohort Kaiser Foundation Health 1959–1966 11,973 183 0.99 (0.74 to 1.33) None
198023 Plan (USA)

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 1,622 0.97 (0.86 to 1.08) M, R, S, E, P 
Registry (USA)

McDonald 199238 Cohort Montreal hospitals (Canada) 1982–1984 89,317 in 209 1.36 (1.06 to 1.75) M, E, R, A, C 
total

Li 199633 Case-control Washington State Birth 1990–1991 369 118 urinary 2.3 (1.2 to 4.5) E, P, L, B, U, I
Defect Registry (USA) tract defect

Kallen 199729 Cohort Swedish Registry of 1983–1993 1,115,819* 1,202 1.04 (0.92 to 1.19) M, P, B
Congenital Malformations

483 kidney 1.22 (1.00 to 1.48) as above
defects**

719 other 0.93 (0.79 to 1.11) as above
urinary tract 
defects
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Table 3.6 Studies that have examined the association between maternal active smoking and the risk of defects of the genitourinary system
or renal tract – continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Woods 200149 Cohort TriHealth Hospital system 1998–1999 18,016 in 288 0.93 (0.63 to 1.37) M R, D
(USA) total

Morales-Suarez- Cohort Danish National Birth 1997–2003 73,001 174 0.7 (0.5 to 1.0) M, A
Varela 200640 Cohort

* Could have other abnormalities
** Kidney agenesis or dysgenesis (missing or deformed kidney)
† Abbreviations: A = alcohol; AA = anal atresia of infant; B = birth year or month; C = coffee; D = diabetes; E = education; I = income; L = county; M = maternal age;
P = parity; R = race/ethnicity; S = marital status; U = use of prenatal vitamins or illicit drugs.
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Table 3.7 Studies of the association between maternal active smoking and the risk of defects of the central nervous system (CNS).

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Kelsey 197831 Case-control Connecticut hospitals (USA) 1974–1976 2,968 82# 1.36 None

Evans 197924 Cohort Cardiff Births Survey (UK) 1965–1976 66,989* 620 1.08 (0.92 to 1.26) None

Christianson Cohort Kaiser Foundation Health 1959–1966 12,054 158 0.98 (0.71 to 1.35) None
198023 Plan (USA)

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 489 1.04 (0.85 to 1.26) M, R, S, E, P 
Registry (USA)

Van Den Eeden Case-control Washington State Birth 1984–1986 4,500 161 0.9 (0.6 to 1.3) M, P
199048 Records (USA)

McDonald 199238 Cohort Montreal hospitals (Canada) 1982–1984 89,317 in 190 neural 1.37 (1.06 to 1.77) M, E, R, A, C 
total tube defect

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 856** 1.00 (0.86 to 1.17) None
Congenital Malformations

Honein 200128 Cohort National Vital Statistics 1997–1998 6,161,506 747 0.80 (0.63 to 1.03) M, E, R
(USA) in total anencephaly

1,563 spina 1.02 (0.88 to 1.19) as above
bifida
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Table 3.7 Studies of the association between maternal active smoking and the risk of defects of the central nervous system (CNS)
– continued.

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Woods 200149 Cohort TriHealth Hospital system 1998–1999 18,016 in 264 1.30 (0.91 to 1.86) M, R, D 
(USA) total

11 spina bifida 0.83 (0.10 to 6.70) as above

Morales-Suarez- Cohort Danish National Birth 1997–2003 73,001 110 1.0 (0.7 to 1.6) M, A
Varela 200640 Cohort

Grewal 200826 Case-control California hospitals (USA) 1999–2003 620 336 0.40 (0.20 to 0.78) None

* Could have other abnormalities 
# Anencephaly, spina bifida, hydrocephalus
** Anencephaly, spina bifida, encephalocele
† Abbreviations: A = alcohol; C = coffee; D = diabetes; E = education; M = maternal age; P = parity; R = race/ethnicity; S = marital status.
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Table 3.8 Studies of the association between maternal active smoking and the risk of defects of the eye, face, neck and ears (not cleft lip
or palate).

Number of Number of Potential 
unaffected affected confounders 

First author Study type Source Year infants infants RR allowed for†

Christianson Cohort Kaiser Foundation Health 1959–1966 11,684 472 eye 1.15 (0.96 to 1.38) None
198023 Plan (USA) defects

12,054 120 defects 0.76 (0.52 to 1.11) None
of ear, face, 
neck

Malloy 198936 Cohort Missouri Birth Defects 1980–1983 277,844 533 defects 0.84 (0.68 to 1.02) M, R, S, E, P 
Registry (USA) of ear, face, 

eye, neck

Kallen 200030 Cohort Swedish Registry of 1983–1996 1,387,192 615 eye 0.98 (0.81 to 1.18) None
Congenital Malformations defects

Morales-Suarez- Cohort Danish National Birth Cohort 1997–2003 73,001 142 defects 0.7 (0.5 to 1.0) M, A
Varela 200640 of ear, face, 

eye, neck

†Abbreviations: A = alcohol; E = education; M = maternal age; P = parity; R = race/ethnicity; S = marital status.



statistically significant association with cleft lip and palate.34 Based on over

15,200 infants born with cleft lip and/or palate among 7.78 million births, the

pooled increased risk associated with smoking for cleft lip, with or without a cleft

palate, was 34% (RR 1.34, 95% CI 1.25 to 1.44), and the excess risk for cleft

palate alone was 22% (RR 1.22, 95% CI 1.10 to 1.35). Several individual studies

have also reported evidence of an exposure–response relation with increasing

cigarette consumption. Most studies made allowance for potential confounding

factors such as alcohol in the analysis.

3.4 Prevalence of passive smoking among pregnant women

A large study based on parents of 18,297 children born in 2000–01 in the UK indi-

cated that 22% of non-smoking pregnant women lived with a partner who smoked

throughout pregnancy,50 and hence were potentially exposed to passive smoke.

Whilst the true proportion of mothers exposed will be lower than this, since not all

partners will smoke indoors, this effect will to some extent be counterbalanced by

exposure to passive smoking from others in and outside the home. 

3.5 Effects of maternal passive smoking on fertility and the fetus

3.5.1 Fertility

Longitudinal data from 17,733 babies in the nationally representative 1958

British birth cohort study (the National Child Development Survey) have shown

in an age-adjusted analysis a significant effect of partner smoking on the time to

pregnancy, which was of a similar magnitude to that of active smoking in the

woman.51 Exposure to passive smoke in 4,804 lifelong non-smoking women

attending a cancer clinic has been shown to increase significantly their risk of dif-

ficulty in getting pregnant (adjusted OR 1.24, 95% CI 1.03 to 1.51).52 The Avon

Longitudinal Study of Pregnancy and Childhood (ALSPAC) conducted in the

UK studied a population of 8,515 women planning pregnancy.53 A 17%

increased risk of delayed conception by more than 6 months was seen in women

exposed to passive smoke (adjusted 95% CI 1.02 to 1.37), but no significant

increase in risk was seen for conception delayed by more than 12 months

(adjusted OR 1.14, 95% CI 0.92 to 1.42). Data from the Ontario Farm Family

Health Study found significantly reduced rates of time to conception with pater-

nal smoking (adjusted fecundity ratio (FR) 0.91, 95% CI 0.83 to 1.0).54 Similar

effect sizes were seen for paternal smoking and the risk of delayed conception

within 12 months (OR 1.3, 95% CI 1.2 to 1.4).55 However, not all studies found a

significant decreased effect of paternal smoking on fecundity.56–59

62 Passive smoking and children
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Active smoking has also been shown to be associated with modest reductions

in semen quality.60 However, this has not directly translated to a reduction in

male fertility.57,61 It is therefore unlikely that any apparent effect of passive smoke

exposure on fertility is purely due to infertility in the active smoking male.

3.5.2 Fetal mortality

We performed a systematic review and meta-analyses to assess the relationships

between maternal exposure to passive smoke and the risk of adverse pregnancy

outcomes, which included spontaneous abortion, perinatal morality, neonatal

mortality, and stillbirth. Comprehensive searches were conducted using four

electronic databases (MEDLINE, EMBASE, CAB Abstracts, PsycINFO) up to

March 2009. We additionally scanned the reference lists of reviews, editorials and

identified papers to identify all published comparative epidemiological studies

(case-control, cross-sectional cohort) that were eligible for inclusion. Studies that

assessed self-reported smoking status of the father or partner, self-reported

maternal exposure to passive smoke (household, work or any exposure), or bio-

chemically measured maternal exposure to passive smoke were included. Twenty

studies were identified from the searches and included in the review. Meta-analy-

ses using random effect models were conducted where three or more studies

assessed similar outcomes and exposures; data are expressed as pooled ORs with

95% confidence intervals (CI). When assessing the impact of passive smoke on

adverse pregnancy outcomes, the effect of active maternal smoking is potentially

a strong confounder. Therefore, ideally the studies identified should be restricted

to non-smoking women. Where possible, we have carried out sensitivity analyses

to determine whether any observed effects remain when those studies that have

not adequately controlled for mothers’ smoking status are excluded. 

3.5.2.1 Spontaneous abortion

Of the nine studies that assessed the relationship between passive smoke expo-

sure among pregnant women and the risk of spontaneous abortion, seven were

based on exposure from the baby’s father (paternal smoking) and five on any

exposure to passive smoke. No consistent association was seen between the risk

of spontaneous abortion and exposure to smoking. There was no excess risk

among seven studies based on paternal smoking (pooled OR 1.00, 95% CI 0.90

to 1.10; Fig 3.1), and a non-statistically significant increase among five studies

based on passive smoke exposure from any source (pooled OR 1.21, 95% CI 0.86

to 1.70; Fig 3.2). All but one of the studies62 assessed the effects of passive smoke

3 Effects of smoking on fetal and reproductive health 63
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exposure in either non-smoking mothers or adjusted for maternal smoking sta-

tus in the analyses. Data from one further study could not be included in the

meta-analysis due to lack of detailed data within the publication, which found

paternal smoking of 10 or more cigarettes per day did not significantly increase

risk of spontaneous abortion.63

3.5.2.2 Perinatal mortality

The association between perinatal or neonatal death and passive smoke exposure

was assessed in five studies.63–67 Paternal smoking was significantly associated

with a 60% increased risk of perinatal mortality (adjusted OR 1.6, 95% CI 1.4 to

2.2;66 unadjusted OR 1.57, 95% CI 1.06 to 2.33)67 and neonatal mortality,64,67

irrespective of whether the mother smoked. However, a further study reported

no significant association between paternal smoking and perinatal mortality, but

data were not presented.65

Three studies assessed the impact of passive smoke exposure on stillbirth.

Dodds et al found a 65% significant increase in the risk of stillbirth in relation to

64 Passive smoking and children
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Fig 3.1 Paternal smoking and the risk of spontaneous abortion.62,88–92

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Chatenoud 1998 0.80 [0.64, 1.00]
de La Rochebrochard 2002 1.09 [0.76, 1.56]
Maconochie 2006 1.14 [0.95, 1.37]
Meeker 2007 0.45 [0.06, 3.49]
Venners 2004 (1–20cig/d) 0.81 [0.49, 1.33]
Venners 2004 (20+cig/d) 1.41 [0.73, 2.74]
Windham 1992 (1–10cigs/d) 0.90 [0.67, 1.20]
Windham 1992 (11–20cig/d) 1.10 [0.71, 1.70]
Windham 1992 (20+cigs/d) 1.40 [0.75, 2.60]
Windham 1999 (1–20cigs/d) 0.98 [0.73, 1.32]
Windham 1999 (>20cigs/d) 0.97 [0.41, 2.29]

Total (95% CI) 1.00 [0.90, 1.10] 
Heterogeneity: Tau2 = 0.00; Chi2 = 10.13, df = 10 (P = 0.43); I2 = 1%
Test for overall effect: Z = 0.08 (P = 0.94) 0.2 0.5 1 2 5

Exposure decreases risk Exposure increases risk

Fig 3.2 Passive smoke exposure from any source and the risk of spontaneous
abortion.90,92–95

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

George 2006 1.90 [1.26, 2.86]
Meeker 2007 0.80 [0.30, 2.14]
Nakamura 2004 0.76 [0.45, 1.31]
Windham 1992 1.60 [1.22, 2.10]
Windham 1999 1.00 [0.80, 1.26] 

Total (95% CI) 1.21 [0.86, 1.70] 
Heterogeneity: Tau2 = 0.10; Chi2 = 14.76, df = 4 (P = 0.005); I2 = 73% 
Test for overall effect: Z = 1.11 (P = 0.27) 0.2 0.5 1 2 5

Exposure decreases risk Exposure increases risk



passive smoke from any source (OR 1.65, 95% CI 1.01 to 2.69),68 and a study by

Uncu et al found a non-significant association between the risk of prenatal death

and paternal smoking (OR 3.81, 95% CI 0.42 to 34.3).69 Mishra et al found no

significant increase in the risk of stillbirth (OR 1.05, 95% CI not reported).70

Two further studies looked at stillbirth but combined the outcome with sponta-

neous abortion and showed small increased ORs, one of which was significant

(adjusted OR 1.23, 95% CI 1.08 to 1.40;52 adjusted RR 1.11, 95% CI 0.8 to

1.54).71 Kharrazi et al found no significant association between passive smoke

exposure and fetal death (20+ weeks gestation) (adjusted OR 1.58, 95% CI 0.78

to 3.21 per unit increase in log cotinine level).72

3.5.3 Small for gestational age and low birth weight

A recent systematic review and meta-analysis of epidemiological studies ascer-

tained the association between maternal passive smoke exposure and fetal out-

comes, including small for gestational age and birth weight.73 The authors

stratified their analyses based on whether passive smoke exposure was ascer-

tained prospectively (before the outcome) or retrospectively (after the out-

come). A pooled analysis of 17 studies based on smoke exposure measured

prospectively found that maternal passive smoking was associated with a 33 g

reduction in birth weight (95% CI 15.7 to 51.3 g; Fig 3.3). The estimate for

studies that assessed exposure retrospectively was 40 g (95% CI 25.8 to 54.4 g;

Fig 3.4). Of 26 studies that assessed the relationship between maternal passive

smoke exposure and the risk of low birth weight (birth weight less than 2,500 g),

nine assessed exposure to passive smoke prospectively and yielded a pooled esti-

mate of increase in risk by an OR of 1.32 (95% CI 1.07 to 1.63), and the 17 stud-

ies that assessed exposure retrospectively by an OR of 1.22 (95% CI 1.08 to

1.37). The risk of small for gestational age (<10th centile) birth was significantly

associated with environmental tobacco smoke (ETS) exposure in retrospective

studies (OR 1.21, 95% CI 1.06 to 1.37), but not in the eight studies that used a

prospectively ascertained passive smoke exposure (OR 1.05, 95% CI 0.87 to

1.28). There was no effect of ETS exposure on gestational age.73

Since reviews of studies of maternal active smoking report that birth

weight is about 250 g lower compared to that in non-smoking pregnant

women,10 the above estimates of the effect of passive smoking (33–40 g lower)

on birth weight seem disproportionately high.77,78 However, similarly dis-

proportionate effects of passive and active smoking have been reported in rela-

tion to cardiovascular disease, and are thought to arise from low dose effects on

platelet aggregation.74
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3.5.4 Prematurity

A 2008 systematic review based on 19 epidemiological studies assessed prematu-

rity using the proportion of premature births (defined as <37 weeks).73 In nine

studies that ascertained passive smoke exposure in the mother retrospectively,

there was a significant 18% increase in the risk of prematurity with passive expo-

sure (OR 1.18, 95% CI 1.03 to 1.35). In contrast, in eight studies which assessed

passive smoke exposure in the mother prospectively, there was no significant

increase in the risk of prematurity (OR 1.14, 95% CI 0.92 to 1.41).

3.5.6 Congenital malformations

We have carried out a systematic review and a series of meta-analyses similar to

that for fetal mortality in section 3.5.2 above, to examine the association between

maternal exposure to passive smoke and the risk of congenital malformations.

Eighteen studies were identified from the searches and are included in the

following analyses. 
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Fig 3.3 Passive smoke exposure and birth weight: prospective studies.73

Difference in means, Difference in means,
Study or subgroup 95% CI 95% CI 

1.1.1 Crude birth weight (unadjusted) 
Karastov 1985 –84.06 [–279.00, 110.88]
Luciano 1998 –253.50 [–438.10, –68.90]
Matsubara 2000 –19.00 [–41.78, 3.78]
Sadler 1989 –9.00 [–54.63, 36.63]
Steyn 2006 –12.20 [–63.96, 39.56]
Wu 2007B –18.00 [–100.46, 64.46]
Subtotal (95% CI) –21.50 [–48.82, 5.82] 
Heterogeneity: Tau2 = 304.07; Chi2 = 6.88, df = 5 (P = 0.23); I2 = 27%
Test for overall effect: Z = 1.54 (P = 0.12) 

1.1.2 Adjusted birth weight (using multivariate analyses) 
Ahluwalia 1997 <30yr 8.80 [–26.10, 43.70] 
Ahluwalia 1997 >30yr –90.00 [–180.90, 0.90] 
Haddow 1988 –104.00 [–173.00, –35.00] 
Hanke 2004 –100.00 [–218.41, 18.41] 
Hegaard 2006 –78.90 [–143.70, –14.10] 
Jedrychowski 2004 –32.01 [–155.57, 91.55] 
Kharrazi 2004 –39.70 [–95.70, 16.30] 
Martin 1986 –23.50 [–59.80, 12.80]
Peacock 1998 –73.00 [–174.00, 28.00] 
Rebagliato 1995 –87.30 [–173.54, –1.06] 
Windham 2000 8.20 [–86.10, 102.50] 
Wu 2007A –17.20 [–65.00, 30.60] 
Subtotal (95% CI) –41.72 [–65.83, –17.61] 
Heterogeneity: Tau2 = 617.37; Chi2 = 17.84, df = 11 (P = 0.09); I2 = 38%
Test for overall effect: Z = 3.39 (P = 0.0007) 

Total (95% CI) –33.48 [–51.27, –15.69] 
Heterogeneity: Tau2 = 416.76; Chi2 = 25.74, df = 17 (P = 0.08); I2 = 34%
Test for overall effect: Z = 3.69 (P = 0.0002) –100 –50 0 50 100

Exposure decreases BW Exposure increases BW



3.5.6.1 Any congenital malformation

Four studies reported the risk of any congenital malformations and paternal

smoking.43,63,69,75 Results from a meta-analysis of three of these studies found a

72% increased risk of any congenital malformation with paternal smoking

(pooled 95% CI 1.06 to 2.78; Fig 3.5). All of the studies assessed paternal smok-

ing exposure either in non-smoking mothers,69,75 or found that maternal smok-

ing was not a risk factor for the outcome.63 The fourth study43 could not be

included in the meta-analysis because the data were not appropriately reported.

However, the authors found a non-significant trend towards an increase in the

incidence of major and minor congenital malformations with increasing paternal

smoking level amongst non-smoking mothers. 
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Fig 3.4 Passive smoke exposure and birth weight: retrospective studies.73

Difference in means, Difference in means,
Study or subgroup 95% CI 95% CI 

1.2.1 Crude birth weight (unadjusted) 
Adamek 2004 –27.00 [–97.53, 43.53] 
Borlee 1978 –228.00 [–439.11, –16.89] 
Chen 1989 –15.00 [–88.68, 58.68] 
Drozdz 1988 –190.00 [–531.86, 151.86] 
Goel 2004 –138.00 [–246.90, –29.10] 
Hanke 1999 –106.00 [–203.91, –8.09] 
Hruba 2000 –88.00 [–201.76, 25.76] 
MacMahon1965 female –22.68 [–58.07, 12.71] 
MacMahon 1965 males –19.83 [–55.40, 15.74] 
Mainous 1994 –84.00 [–152.52, –15.48] 
Mathai 1990 –65.90 [–210.66, 78.86] 
Nakamura 2004 –70.00 [–158.41, 18.41] 
Ogawa 1991 –24.00 [–46.00, –2.00] 
Roquer 1995 –192.00 [–361.07, –22.93] 
Saito 1991 –33.40 [–66.26, –0.54] 
Schwartz 1987 –205.00 [–437.34, 27.34] 
Subtotal (95% CI) –43.61 [–62.77, –24.44] 
Heterogeneity: Tau2 = 335.23; Chi2 = 20.87, df = 15 (P = 0.14); I2 = 28%
Test for overall effect: Z = 4.46 (P < 0.00001) 

1.2.2 Adjusted birth weight (using multivariate analyses) 
Campbell 1988 –113.00 [–216.00, –10.00]
Dejmek 2002 –41.00 [–77.00, –5.00]
Hong 2003 –52.00 [–293.24, 189.24]
Janghorbani 1998 –22.00 [–95.70, 51.70]
Jedrychowski 1996 –57.90 [–118.80, 3.00]
Lazzaroni 1990 –51.40 [–120.57, 17.77]
Martinez 1994 –34.00 [–63.00, –5.00]
Mathai 1992 –62.82 [–113.51, –12.13] 
Rashid 2003 –130.01 [–220.11, –39.91]
Ward 2007 –36.00 [–67.00, –5.00] 
Windham 1999 13.80 [–53.80, 81.40] 
Zhang 1993 30.00 [–6.00, 66.00] 
Subtotal (95% CI) –36.39 [–58.72, –14.05] 
Heterogeneity: Tau2 = 687.52; Chi2 = 22.91, df = 11 (P = 0.02); I2 = 52% 
Test for overall effect: Z = 3.19 (P = 0.001) 

Total (95% CI) –40.11 [–54.36, –25.87] 
Heterogeneity: Tau2 = 439.34; Chi2 = 43.91, df = 27 (P = 0.02); I2 = 39% 
Test for overall effect: Z = 5.52 (P < 0.00001) 
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3.5.6.2 Heart defects

Five studies were identified that assessed the effect of passive smoke exposure on

the risk of cardiac defects.35,63,75–77 No significant link was seen between paternal

smoking and cardiac defects,63 conotruncal heart defects (OR 1.3, 95% CI 0.85 to

2.1),77 pulmonic stenosis (OR 0.9, 95% CI 0.3 to 3.3),76 atrial septal defect (OR

0.7, 95% CI 0.2 to 2.8),76 or patent ductus arteriosis (OR 0.6, 95% CI 0.1 to

2.3).76 Additionally, no consistent association between paternal smoking and the

risk of ventricular septal defect was seen (OR 0.6, 95% CI 0.2 to 2.1; OR 2.0, 95%

CI 0.9 to 4.3).75,76 The National Birth Defects Prevention Study conducted in the

US found no association between the risk of congenital heart defects and passive

smoke exposure at home or in the workplace.35

3.5.6.3 Musculoskeletal defects

No evidence of a significant association was seen for paternal smoking and the risk

of numerical deformities of extremities (OR 0.8, 95% CI 0.4 to 1.6; OR 0.5, 95% CI

0.3 to 1.0; data were not reported in one study).63,75,76 However, for the two studies

that looked at varus / valgus deformities of the feet, including club foot, conflicting

results were seen (adjusted OR 0.5, 95% 0.3 to 1.0;76 unadjusted OR 1.8, 95% CI

0.97 to 3.3).75 Single studies looked at a range of other musculoskeletal defects

including brachydactylia/adactylia (OR 1.6, 95% CI 0.4 to 6.1);75 hip dislocation

(OR 0.9, 95% CI 0.5 to 1.7); spine curvature (OR 0.9, 95% CI 0.3 to 2.8) and torti-

collis (OR 0.8, 95% CI 0.3 to 2.4);76 and limb reduction defects (OR 1.2, 95% CI

0.75 to 1.9).77 All these studies showed no significant association with paternal

smoking. 

3.5.6.4 Defects of the genitourinary systems

Five studies assessed the association between passive smoke exposure and the risk

of hypospadias.75,76,78–80 A pooled analysis of four studies assessing the effect of
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Fig 3.5 Paternal smoke exposure and the risk of any congenital malformations.63,69,75

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Mau 1974 (1–10cig/d) 1.78 [0.91, 3.48] 
Mau 1974 (10+cigs/d) 2.75 [1.57, 4.83] 
Uncu 2005 1.89 [0.34, 10.45] 
Zhang 1992 1.21 [1.01, 1.45] 

Total (95% CI) 1.72 [1.06, 2.78] 
Heterogeneity: Tau2 = 0.14; Chi2 = 8.35, df = 3 (P = 0.04); I2 = 64% 
Test for overall effect: Z = 2.19 (P = 0.03) 0.2 0.5 1 2 5

Exposure decreases risk Exposure increases risk



paternal smoking showed a small but non-significant increase in risk of hypospa-

dias (pooled OR 1.43, 95% CI 0.85 to 2.38; Fig 3.6). Two of the four studies indi-

vidually showed significant effects, but these did not control for active smoking

in the mother.78,80 No evidence of an association was seen between the risk of

hypospadias and maternal passive exposure to smoke from the household

(adjusted OR 0.7, 95% CI 0.4 to 1.1)79 or from their working environment

(adjusted OR 0.7, 95% CI 0.4 to 1.2).79

The link between a risk of cryptorchidism (undescended testes) and exposure

to passive smoke was assessed in four studies (Fig 3.7).75,76,80,81 A pooled analysis

of the four studies assessing the effects of paternal smoking showed a borderline

significant increase of 34% in the risk of cryptorchidism (pooled OR 1.34, 95%

CI 0.99 to 1.82; p=0.06). However, this effect was reduced to a non-significant

21% increase in risk when only those controlled for maternal smoking were con-

sidered (p=0.49, two studies). No significant association was seen between the

risk of cryptorchidism and passive smoke from their working environment

(adjusted OR 1.32, 95% CI 0.43 to 4.07).81

No evidence of a significant association was seen between paternal smoking

and the risk of urogenital fissures,63 urethral stenosis,76 incompetent ureterovesi-

cal valves,76 ureter dysplasia/agenesis,76 polycystic kidney,75 indeterminant sex,75

or inguinal hernia.76 However, a single study found a possible protective effect of

paternal smoking on pyloric stenosis (adjusted OR 0.2, 95% CI 0 to 0.8).76
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Fig 3.6 Paternal smoking and the risk of hypospadias.75,76,78,80

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Brouwers 2007 1.40 [1.03, 1.90]
Pierik 2004 3.80 [1.76, 8.19]
Savitz 1991 1.20 [0.63, 2.30]
Zhang 1992 0.79 [0.45, 1.38] 

Total (95% CI) 1.43 [0.85, 2.38] 
Heterogeneity: Tau2 = 0.19; Chi2 = 10.71, df = 3 (P = 0.01); I2 = 72% 
Test for overall effect: Z = 1.36 (P = 0.17) 0.1 0.2 0.5 1 2 5 10

Exposure decreases risk Exposure increases risk

Fig 3.7 Paternal smoking and the risk of cryptorchidism.75,76,80,81

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Kurahashi 205 1.92 [1.04, 3.54]
Pierik 2004 1.20 [0.68, 2.10]
Savitz 1991 0.90 [0.51, 1.60]
Zhang 1992 1.55 [0.95, 2.54] 

Total (95% CI) 1.34 [0.99, 1.82] 
Heterogeneity: Tau2 = 0.02; Chi2 = 3.66, df = 3 (P = 0.30); I2 = 18% 
Test for overall effect: Z = 1.88 (P = 0.06) 0.2 0.5 1 2 5

Exposure decreases risk Exposure increases risk
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3.5.6.5 Defects of the central nervous system

Six studies were identified that assessed the impact of passive smoke exposure

and neural tube defects.63,75–77,82,83 Five of these studies provided data for a meta-

analysis, which showed no significant association between paternal smoking and

the risk of neural tube defects (pooled OR 1.34, 95% CI 0.91 to 1.95; Fig 3.8).

The remaining study reported only reported subtypes of neural tube defects;75

they found non-significant two-fold increases in the risk of anencephaly (unad-

justed OR 2.1, 95% CI 0.9 to 4.9) and spina bifida (unadjusted OR 1.9, 95% CI

0.7 to 9.4) in those exposed to paternal smoke amongst mothers who were non-

smokers. Additionally, paternal smoking was not significantly associated with

hydrocephalus,75,76 microcephaly,75 or limb paralysis.76

Two studies assessed the risk of neural tube defects in relation to exposure of

passive smoke from any source.77,82 Both of these studies found non-significant

increases in the risk of neural tube defects (adjusted OR 1.60, 95% CI 0.94 to 2.73;82

unadjusted OR 1.20, 95% CI 0.83 to 1.90).77 Li et al also reported non-significant

increases in the risk of anencephalus with maternal passive smoke exposure

(adjusted OR 1.88, 95% CI 0.92 to 3.73), and no association with spina bifida.82

3.5.6.6 Defects of the face, eyes, ears and neck

Three studies assessed the effect of paternal smoking and the risk of orofacial mal-

formations,63,76,84 typically reported as cleft lip with or without cleft palate. Results

from a pooled analysis found paternal smoking nearly doubled the risk of orofacial

malformations (pooled OR 1.90, 95% CI 1.17 to 3.07, three studies; Fig 3.9). How-

ever, two of the studies did not adjust for maternal smoking status in their analy-

ses,63,84 which could have over-inflated the apparent effect. One study found

passive smoke exposure from any source did not significantly increase the risk of

orofacial clefts in non-smoking mothers (adjusted OR 1.1, 95% CI 0.9 to 1.3).85
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Fig 3.8 Paternal smoke exposure and the risk of neural tube defects.63,76,77,82,83

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Hearey 1984 16.01 [1.38, 185.48]
Li 2006 1.58 [0.97, 2.58]
Mau 1974 (1–10cig/d) 0.89 [0.24, 3.38]
Mau 1974 (10+cigs/d) 1.71 [0.64, 4.55]
Savitz 1991 0.60 [0.14, 2.50]
Wasserman 1998 1.15 [0.78, 1.68]

Total (95% CI) 1.34 [0.91, 1.95] 
Heterogeneity: Tau2 = 0.06; Chi2 = 6.79, df = 5 (P = 0.24); I2 = 26% 
Test for overall effect: Z = 1.49 (P = 0.14) 0.2 0.5 1 2 5

Exposure decreases risk Exposure increases risk



Two further studies assessed the impact of any passive smoke exposure on the risk

of craniosynostosis;76,86 no significant association was seen with paternal/home

exposure in either of the studies (adjusted OR 1.3, 95% CI 0.9 to 1.9;86 adjusted

OR 0.8, 95% CI 0.2 to 2.4)76. Additionally, paternal smoking was not significantly

associated with anomalies of the eye,75 anomalies of the external ear,75 microtia or

absence of ear,75 nasal bone absence,75 refractive errors,76 ptosis,76 preauricular

cyst,76 branchial cyst,76 or nasal aplasia.76 However, data from one study suggested

a protective effect of paternal smoking for strabismus, independent of maternal

smoking (adjusted OR 0.7, 95% CI 0.5 to 0.9).76

3.5.6.7 Other congenital malformations

Two studies also looked at dermatological defects, and showed no significant

effect of paternal smoking on the risk of haemangioma,75,76 pigmentary anoma-

lies of the skin,75 benign melanoma/dermoid cyst,76 or pilonidal cyst.76 Addition-

ally, no significant effect was seen for paternal smoking on the risk of Down’s

syndrome (trisomy 21),75,76 diaphragmatic hernia,75 or lung hypoplasia/aplasia.75

3.6 Bias and confounding in observational studies

Observational studies are often affected by bias and confounding, so the conclu-

sions that can reliably be drawn from them, particularly in relation to establishing

causality, partly depend on the extent to which these two features have been exam-

ined. Confounding occurs when, for example, a factor such as maternal alcohol

intake is independently associated with both the exposure of interest (maternal

smoking) and the disorder (eg congenital abnormalities). Many of the studies

summarised in the sections above adjusted for several potential confounding

factors, and most found that they did not substantially change the excess risk

between maternal smoking and the disorder of interest. Wherever possible, RRs or

ORs that are adjusted for common confounders have been used. 
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Fig 3.9 Paternal smoking and the risk of orofacial malformations.63,76,84

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Krapels 2006 (1–10cigs/d) 1.30 [0.80, 2.10]
Krapels 2006 (10+cigs/d) 1.50 [1.00, 2.25]
Mau 1974 (1–10cig/d) 4.80 [1.20, 19.21]
Mau 1974 (10+cigs/d) 6.28 [1.75, 22.55]
Savitz 1991 1.70 [0.48, 6.00] 

Total (95% CI) 1.90 [1.17, 3.07] 
Heterogeneity: Tau2 = 0.13; Chi2 = 7.63, df = 4 (P = 0.11); I2 = 48% 
Test for overall effect: Z = 2.61 (P = 0.009) 0.05 0.2 1 5 20
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Publication bias occurs because studies in which little or no effect of an exposure

is found are less likely to be published, and hence cannot be included in reviews.

The effect of this bias would be to overestimate the excess risk in a meta-analysis.

This could be mitigated in part by focusing on larger studies, which are generally

more reliable (and thus more likely to be published whether or not they find evi-

dence of an exposure effect). Funnel plots can also be used to determine whether

bias is likely. For example, the authors who conducted the review of the association

between smoking and cleft lip and palate specifically examined publication bias

and found no material evidence of it.34 The reviews described above were either

based on new reviews that focused on larger studies, new full systematic reviews

conducted in preparing this chapter, or published systematic reviews.

A further important potential bias in the studies discussed is that arising from

misclassification, whereby some pregnant women who smoke misreport them-

selves as non-smokers, or underreport their cigarette consumption, due to the

perceived unacceptability of smoking in pregnancy. However, such underreport-

ing will tend to reduce any apparent effect of smoking on a disorder, and there-

fore result in an underestimate of the strength of the association.

Causality is difficult to establish from observational data alone, but where

there is consistency of findings between studies, particularly when based on sev-

eral thousand subjects, and where evidence of a dose–response relationship is

seen, an association is more likely to be causal. 

3.7 Limitations of the studies of maternal passive smoking

The studies of maternal passive smoking summarised above have several limita-

tions relative to those on maternal active smoking. Although the sample sizes

involved in many of the studies are substantial, they are generally smaller than

those available from studies of active smoking. This matters because typical pas-

sive smoke exposure constitutes around 1% of typical active smoking exposure,87

and although this does not necessarily translate into a 99% reduction in the

risk of passive relative to active exposure,87 the effects are necessarily likely to be

substantially smaller. Identifying smaller effects requires larger sample sizes. 

In the studies we have reviewed, whilst the disorders associated with maternal

passive smoking are generally similar to those for maternal active smoking,

namely fetal mortality and some congenital abnormalities, there is a tendency

for the excess risks estimated for passive smoking to be larger than expected. For

example, the pooled increase in risk for perinatal mortality is 60% for maternal

passive smoking but 26% for maternal active smoking. Similarly, the pooled

excess risk for all congenital abnormalities is 72% for passive smoking, com-
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pared with probably at most a 10–15% increase associated with maternal active

smoking. It is likely that this difference is, at least in part, due to publication

bias. Furthermore, some of the maternal passive smoking studies included

mothers who themselves smoked, and this in itself could explain some of the

excess risk, even though allowance was made for maternal active smoking in the

original analyses. 

However, in the same way that passive smoking in adults is associated with a

larger than expected risk of cardiovascular disease, there could be a similar non-

linear relationship between maternal passive smoking and fetal outcomes. The

main value of the studies on maternal passive smoking is therefore to indicate

general consistency with the adverse fetal and infant effects found with maternal

active smoking, while the magnitude of the excess risks should be interpreted

with caution.

3.8 Summary

H Active maternal smoking (and hence passive exposure of the fetus) causes

up to about 5,000 miscarriages, 300 perinatal deaths, and 2,200 premature

singleton births in the UK each year 

H Passive exposure of the fetus to active maternal smoking impairs fetal

growth and development, increasing the risk of being small for gestational

age and reducing birth weight by about 250 g, and probably increases the

risk of congenital abnormalities of the heart, limbs, and face.

H Passive exposure of the fetus to active maternal smoking also causes

around 19,000 babies to be born with low birth weight in the UK each 

year.

H Maternal passive smoking is likely to have similar adverse effects on fetal

and reproductive health, but of smaller magnitude.

H Maternal passive smoking reduces birth weight by around 30–40 g, and

may also have modest effects on the risk of prematurity and being small for

gestational age.

H Maternal passive smoking may reduce fertility, increase fetal and perinatal

mortality, and increase the risk of some congenital abnormalities

(particularly of the face and genitourinary system), though the available

evidence is not yet conclusive. 

H Maternal passive smoking is thus a cause of potentially significant health

impacts to the fetus.

H These adverse effects are entirely avoidable.
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4.1 Introduction

The health effects of passive smoking on children have been the subject of exten-

sive research over recent years, and the evidence has been the subject of several

systematic reviews. Of particular note, in the late 1990s, Cook, Strachan and

Anderson published a series of definitive systematic reviews and meta-analyses1–8

commissioned for the 1998 UK Government Scientific Committee on Tobacco

and Health (SCOTH) report.9 Revised versions of these reviews also provided

estimated effects of passive smoking on child health for the 2004 revision of the

SCOTH report10 and, with extension of literature searches to 2001, formed the

basis of the analyses presented in the 2006 US Surgeon General’s report on invol-

untary exposure to tobacco smoke.11 The US Surgeon General’s report concluded

that the available evidence was sufficient to infer a causal association between pas-

sive smoking and sudden infant death syndrome, lower respiratory illness, middle

ear disease, asthma in school-aged children, and impairment of lung function.11

Since the estimates used in these reports are based on literature searches that

are now several years out of date, we have updated the systematic reviews and

meta-analyses of passive smoking effects on lower respiratory illness, middle ear

disease, asthma, wheeze, sudden infant death syndrome and lung function, in

order to provide contemporary best estimates of the magnitude of the impact of

passive smoking on these aspects of child health. In the light of recent reports
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linking passive smoking to an increased risk of meningitis, we have also carried

out a systematic review and meta-analysis of studies of this association. 

4.2 Methods

Search methods were typically based on those described for the 1997 and 1998

systematic reviews and meta-analyses by Cook, Strachan and Anderson.1,3–5,8 We

used comprehensive search strategies of MEDLINE, EMBASE, PsycINFO, CAB

Abstracts and other relevant databases, using search terms identified and modified

from the original reviews1,3–5,8 (where available) to identify all published compara-

tive epidemiological studies (case-control, cross-sectional and cohort) assessing

the relationship between passive smoke exposure and: lower respiratory infection

(bronchitis, pneumonia, bronchiolitis, acute respiratory infection); middle ear dis-

ease (acute otitis media, recurrent otitis media, otitis media with effusion, chronic

otitis media); hearing impairment including hearing loss, deafness, glue ear, and

surgery related to middle ear including adenotonsillectomy, tonsillectomy, ade-

noidectomy, and grommet insertion; asthma; wheeze; and lung function reported

since the Cook et al reviews, and for all meningitis reports. For sudden infant

death, for which an updated search was published in 2005,12 we searched for

papers published since this later date. For each outcome, we also scanned and

checked reference lists from original research papers and review articles for further

relevant studies. No language restrictions were applied during the searching, but

we have chosen to report only results from studies written in English.

For wheeze and asthma, for which a very large number of cross-sectional,

case-control and longitudinal studies are now available, we restricted our reviews

to papers of relatively high evidence level, comprising only longitudinal cohort

studies in which children were known to have been free of asthma or wheeze at

the start of the study; passive smoke exposure information was collected before

ascertainment of asthma or wheeze outcomes; and these outcomes occurred

before the age of 18 years. We categorised the various exposures measured in the

different studies as smoking by the mother during pregnancy (prenatal maternal

smoking), smoking by the mother after pregnancy (maternal smoking), smoking

by the father (paternal smoking) and smoking by any household member

(household smoking). For sudden infant death, we explored the effect of smok-

ing by the father or other household smoking in families in which the mother

did not smoke, but for brevity have not included data on these restricted analyses

for other outcomes.

As in the previous review, we limited our analysis of lower respiratory infec-

tion to episodes occurring in the first three years.5 For middle ear disease,
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asthma, wheeze, lung function and meningitis, studies of children up to age 18

were included. However, because of the large number of studies now available,

we grouped our analyses of asthma and wheeze into three age ranges (0–2, 3–4

and 5–8 years).

Two researchers independently reviewed the titles, abstracts and full text of all

identified studies to exclude those that were not relevant to the review, and

extracted data from those agreed to be suitable for inclusion. The updated sys-

tematic reviews were carried out in accordance with the Meta-analysis Of Obser-

vational Studies in Epidemiology (MOOSE) guidelines.13 We extracted adjusted

estimates of association where available, and otherwise extracted or estimated

unadjusted (crude) ORs from the publications. Estimates of relative risk were

then generated by meta-analyses of pooled results from studies grouped accord-

ing to the sources of passive smoke exposure, using random effect models in

STATA Version 10 software. 

4.3 Sudden infant death syndrome

The 1997 Anderson and Cook review included 39 publications1 and the Mitchell

and Milerad update, which included studies published up to 2005,12 a further

27 studies. Combining the results of our updated search to January 2009 with

these previous reviews yielded a total of 75 comparative epidemiological studies

published in English.

In meta-analysis, prenatal maternal smoking was associated with an increased

risk of sudden infant death (OR 2.94, pooled 95% CI 2.58 to 3.36, 73 stud-

ies),14–85 and maternal smoking (smoking after birth) by an OR of 3.15 (95% CI

2.58 to 3.85, 16 studies – Fig 4.1).14,16,17,20,24,25,36,44,45,48,49,51,62,80,85,86 Smoking by

the father or other household member was associated with an increase in risk of

sudden infant death by a ratio of 2.31 (pooled 95% CI 1.95 to 2.73, 18 stud-

ies),14,16–20,24–26,36,44,45,49,51,52,85,87,88 but this effect was in many cases confounded

by concurrent maternal smoking. In an analysis restricted to studies in which the

mother did not smoke, the OR for paternal or others’ smoking in the household

was 1.45 (pooled 95% CI 1.07 to 1.96, eight studies – Fig 4.2).14,17,18,20,24,49,52,87

4.4 Lower respiratory infection

We identified 27 suitable papers published since the 31 identified in the 1997

Strachan and Cook analysis, yielding 58 studies for meta-analysis. Statistically

significant increases in the risk of lower respiratory infection were seen with all

measures of passive smoke exposure; for prenatal maternal smoking by an OR of
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1.24 (95% CI 1.10 to 1.40, nine studies),89–97 postnatal maternal smoking by 1.58

(95% CI 1.45 to 1.73, 31 studies),89,97–126 paternal smoking by 1.22 (95% CI 1.10 to

1.35, 21 studies),93,97,100–104,106,107,113,114,116,117,121–123,126–130 and for household smok-

ing by 1.54 (95% CI 1.39 to 1.70, 36 studies – Fig 4.3).89,91,92,96,100–104,106–108,110,113,

114,116,117,121,122,127,128,130–144 For smoking by both mother and father, the odds of dis-

ease were increased by 1.62 (95% CI 1.38 to 1.89, 14 studies).101–104,113,114,116,

117,121,122,126,142,145,146

Sub-analyses based on the definition of outcome (comprising unspecified lower

respiratory infection, bronchitis, bronchiolitis, pneumonia, and acute respiratory

infection) found increased risks of disease were predominantly attributable to a
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Fig 4.1 The risk of Sudden Infant Death Syndrome from postnatal maternal smoking.†

Study or subgroup Odds ratio, 95% CI Year Odds ratio, 95% CI 

Bergman 1976 2.14 [1.03, 4.46] 1972
McGlashan1989 1.92 [1.24, 2.98] 1983
Engelberts 1991 1.47 [0.95, 2.28] 1986
Mitchell 1992 4.24 [3.33, 5.40] 1988
Schoendorf 1992 Black 2.77 [2.05, 3.74] 1988
Schoendorf 1992 White 3.65 [2.74, 4.86] 1988
Kohlendorfer 1998 (120+d) 1.00 [0.56, 1.80] 1989
Kohlendorfer 1998 (<120d) 1.90 [0.90, 4.00] 1989
Klonhoff-Colhen 1995 2.93 [1.65, 5.19] 1989
Dwyer 1999 3.38 [1.58, 7.23] 1991
Mitchell 1997 6.56 [4.23, 10.17] 1992
Alm 1998 3.40 [2.50, 4.62] 1993
Carpenter 2004 4.01 [3.32, 4.84] 1994
Blair 1996 5.34 [3.76, 7.58] 1994
L’Hoir 1998 2.80 [1.44, 5.43] 1995
McDonnell 2002 4.16 [2.48, 6.97] 1996
Tappin 2005 5.81 [2.85, 11.85] 1998
Nelson 2005 4.60 [0.93, 22.70] 2001

Total (95% CI) 3.15 [2.58, 3.85] 
Heterogeneity: Tau2 = 0.12; Chi2 = 67.55, df = 17 (P < 0.00001); I2 = 75% 
Test for overall effect: Z = 11.23 (P < 0.00001)
† Figure is ordered by year of data 

0.02 0.1 1 10 50
Postnat smoking dec risk Postnat smoking inc risk

Fig 4.2 The risk of Sudden Infant Death Syndrome from paternal or other household
member smoking where the mother is a non-smoker.†

Study or subgroup Odds ratio, 95% CI Year Odds ratio, 95% CI 

Nicholl 1992 1.39 [0.82, 2.35] 1977
Mitchell 1993 1.00 [0.63, 1.59] 1988 
Dwyer 1999 1.11 [0.28, 4.43] 1991 
Mitchell 1997 1.54 [0.69, 3.45] 1992 
Alm 1998 0.81 [0.45, 1.45] 1993 
Brooke 1997 1.67 [0.69, 4.02] 1993
Blair 1996 3.13 [1.85, 5.29] 1994
Carpenter 2004 1.61 [1.20, 2.16] 1994

Total (95% CI) 1.45 [1.07, 1.96] 
Heterogeneity: Tau2 = 0.09; Chi2 = 15.30, df = 7 (P < 0.03); I2 = 54% 
Test for overall effect: Z = 2.39 (P < 0.02)
† Figure is ordered by year of data 

0.1 0.2 0.5 1 2 5 10
Smoke decreases risk Smoke increases risk



strong association between passive smoke exposure and bronchiolitis, for which

the risk was increased by postnatal maternal smoking by an OR of 2.51 (95% CI

1.58 to 3.97, five studies – Fig 4.4).110,112,116,118,126 Pooled estimates for the other

categories of lower respiratory infection, with the exception of pneumonia, all

identified statistically significant increases in risk with postnatal passive smoke

exposure of similar magnitude (ORs ranging from 1.49–1.64 – Fig 4.4).

4.5 Wheeze and asthma

Our searches identified 61 papers, arising from 48 different longitudinal cohorts,

published since the nine papers meeting the same inclusion criteria identified in
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Fig 4.3 Household smoking and risk of lower respiratory infection.†

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Al-Shehri 2005 2.51 [1.69, 3.73] 
Anderson 1988 1.99 [1.00, 3.96]
Baker 2006 1.29 [1.01, 1.65]
Blizzard 2003 1.59 [1.19, 2.12]
Bonu 2004 1.15 [0.99, 1.33]
Breese Hall 1984 4.78 [1.75, 13.01]
Broor 2001 0.18 [0.02, 1.30]
Chatzimichael 2007 2.20 [1.34, 3.60]
Chen 1988 1.25 [1.03, 1.52]
Chen 1994 1.49 [1.06, 2.10]
Duijts 2008 0.82 [0.48, 1.41]
Ekwo 1983 2.09 [1.12, 3.89]
Etiler 2002 1.07 [0.80, 1.43] 
Fergusson 1985 1.56 [1.15, 2.12] 
Ferris 1985 1.85 [1.56, 2.20] 
Forastiere 1992 1.32 [1.06, 1.65] 
Gardner 1984 1.25 [0.81, 1.93] 
Gergen 1998 1.97 [1.43, 2.71] 
Hakansson 1992 3.25 [1.27, 8.35] 
Hassan 2001 2.16 [1.42, 3.28] 
Hayes 1989 3.86 [0.81, 18.41]
Jin 1993 1.78 [1.18, 2.68]
Koch 2003 2.13 [1.31, 3.47]
Kristensen 2006 1.45 [1.08, 1.94]
Leeder 1976 1.96 [1.37, 2.80]
Lister 1998 0.91 [0.56, 1.47]
Margolis 1997 1.40 [0.93, 2.10]
McConnochie 1986 3.21 [1.42, 7.25] 
Nuesslein 1999 1.08 [0.17, 6.80] 
Ogston 1985 1.94 [0.94, 3.99] 
Ogston 1987 1.68 [1.34, 2.11] 
Pedreira 1985 1.27  [0.97, 1.66] 
Reese 1992 2.15 [0.76, 6.10] 
Rylander 1995 2.17 [1.31, 3.59]
Taylor 1987 1.46 [1.19, 1.79] 
Victora 1994 0.94 [0.72, 1.22]

Total (95% CI) 1.54 [1.39, 1.70] 
Heterogeneity: Tau2 = 0.05; Chi2 = 94.27, df = 35 (P < 0.00001); I2 = 63% 
Test for overall effect: Z = 8.49 (P < 0.00001) 

† Figure is ordered alphabetically by author name 
0.1 0.2 0.5 1 2 5 10

Smoke decreases risk Smoke increases risk
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Fig 4.4 Postnatal maternal smoking and risk of subgroups of lower respiratory
infection.†

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

9.1.1 Unspecified lower respiratory infection 
Arshad 1993 2.24 [1.51, 3.32] 
Broor 2001 3.11 [0.05, 183.77] 
Ekwo 1983 1.32 [0.75, 2.32] 
Ferris 1985 1.69 [1.46, 1.96] 
Forastiere 1992 1.21 [0.99, 1.48] 
Koch 2003 1.66 [1.12, 2.47] 
Marbury 1996 1.50 [1.25, 1.80] 
Ogston 1985 2.68 [1.41, 5.10] 
Ogston 1987 1.52 [1.22, 1.89] 
Puig 2008 0.73 [0.49, 1.08] 
Rantakallio 1978 1.89 [1.55, 2.30] 
Rylander 1995 2.04 [1.27, 3.28] 
Stern 1989 1.85 [1.54, 2.23] 
Tager 1993 3.16 [1.24, 8.04] 
Taylor 1987 1.63 [1.35, 1.97] 
Woodward 1990 2.43 [1.64, 3.61] 
Wright 1991 1.52 [1.07, 2.15] 
Subtotal (95% CI) 1.64 [1.46, 1.84] 
Heterogeneity: Tau2 = 0.03; Chi2 = 42.18, df = 16 (P = 0.0004); I2 = 62% 
Test for overall effect: Z = 8.26 (P < 0.00001) 

9.1.2 Bronchitis 
Braback 2003 1.70 [1.52, 1.90] 
Fergusson 1985 1.83 [1.34, 2.49] 
Harlap 1974 1.43 [1.17, 1.75] 
Lister 1998 0.91 [0.56, 1.47] 
Mok 1982 1.26 [0.83, 1.92] 
Subtotal (95% CI) 1.49 [1.25, 1.78] 
Heterogeneity: Tau2 = 0.02; Chi2 = 9.59, df = 4 (P = 0.05); I2 = 58% 
Test for overall effect: Z = 4.38 (P < 0.0001) 

9.1.3 Bronchiolitis 
Gurkan 2000 3.60 [0.71, 18.24] 
McConnochie 1986 2.33 [1.19, 4.57] 
Noakes 2007 2.43 [0.64, 9.26] 
Reese 1992 2.43 [0.64, 9.26] 
Sims 1978 2.65 [0.99, 7.12] 
Subtotal (95% CI) 2.51 [1.58, 3.97] 
Heterogeneity: Tau2 = 0.00; Chi2 = 0.25, df = 4 (P = 0.99); I2 = 0% 
Test for overall effect: Z = 3.91 (P < 0.0001) 

9.1.4 Pneumonia 
Victora 1994 1.02 [0.80, 1.30] 
Subtotal (95% CI) 1.02 [0.80, 1.30] 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.87)

9.1.5 Acute respiratory infection 
Blizzard 2003 1.74 [1.27, 2.38] 
Kristensen 2006 1.38 [0.87, 2.18] 
Weber 1999 0.97 [0.21, 4.38] 
Subtotal (95% CI) 1.59 [1.23, 2.05] 
Heterogeneity: Tau2 = 0.00; Chi2 = 1.10, df = 2 (P = 0.58); I2 = 0% 
Test for overall effect: Z = 3.58 (P = 0.0003) 

Total (95% CI) 1.58 [1.45, 1.73] 
Heterogeneity: Tau2 = 0.03; Chi2 = 70.12, df = 30 (P < 0.0001); I2 = 57% 
Test for overall effect: Z = 9.95 (P < 0.0001) 
Test for subgroup differences: Chi2 = 17.00, df = 4 (P = 0.002), I2 = 7.65%
† Figure is ordered alphabetically by author name 
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the 1998 Strachan and Cook review,8 yielding 70 papers for potential inclusion in

the current meta-analyses.

4.5.1 Passive smoking and wheeze

The estimated effects of passive smoke exposure and wheeze occurring for the

first time in the children in the three age ranges studied are shown in Table 4.1.

With the exception of paternal smoking and wheeze occurring for the first time

up to and including 2 years of age, or between 3 and 4 years of age, for which we

found no relevant studies, all other measures of passive smoke exposure were

associated with statistically significant increases in the risk of wheeze occurring

for the first time at all ages studied, with ORs ranging from 1.25 (95% CI 1.12 to

1.40, seven studies) for prenatal maternal smoking and wheeze at age 3–4 years,

and 1.72 (95% CI 1.15 to 2.58, two studies) for maternal smoking and wheeze in

the first two years of life. Maternal smoking had the consistently strongest effect

on wheeze at all ages. 

4 Health effects of passive smoking in children 85

Table 4.1 Passive smoke exposure and incidence of wheeze.

Age at Number 
Smoking outcome of Pooled 
exposure (years) studies OR 95% CI References

Prenatal ≤2 11 1.44 1.20 to 1.73 93,246–255

maternal 

Maternal 2 1.72 1.15 to 2.58 246,247 

Paternal 0

Household 7 1.37 1.08 to 1.73 93,248,250,251,

256–258

Prenatal 3–4 7 1.25 1.12 to 1.40 246,250,259–263

maternal

Maternal 4 1.77 1.18 to 2.67 246,259,264,265

Paternal 0

Household 4 1.06 0.88 to 1.27 250,260,262,266

Prenatal 5–18 5 1.38 1.19 to 1.60 263,265,267–269

maternal 

Maternal 2 1.65 1.14 to 2.41 270,271

Paternal 2 1.31 1.01 to 1.70 267,271

Household 5 1.34 1.15 to 1.56 263,271–274
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4.5.2 Passive smoking and asthma

Estimated effects of passive smoking and asthma occurring for the first time in the

various age ranges are shown in Table 4.2. With the exception of prenatal maternal

smoking, which had a relatively strong effect on asthma occurring in the first two

years (OR 1.91, 95% CI 1.43 to 2.53, four studies), the effects of passive smoke

exposure on asthma were less strong than those on wheeze, with the strongest

effect (for household smoking on asthma collected after 5 years old) being an

OR of 1.50 (95% CI 1.13 to 1.97, four studies). Passive smoking effects were of

similar magnitude for asthma at all ages studied. As for wheeze, there was limited

information on the relation between paternal smoking and incident asthma.

4.6 Middle ear infection

Our search identified 32 new studies for analysis, which in combination with the

25 papers from the 1998 Strachan and Cook review3 yielded 58 eligible studies for

inclusion in the meta-analyses. Prenatal maternal smoking was associated with an
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Table 4.2 Passive smoke exposure and incidence of asthma.

Age at Number 
Smoking outcome of Pooled 
exposure (years) studies OR 95% CI References

Prenatal 
maternal ≤2 4 1.91 1.43 to 2.54 251,262,275,276

Maternal 1 0.70 0.04 to 11.23 112

Paternal 0

Household 2 1.17 0.95 to 1.44 251,262

Prenatal 3–4 2 1.24 0.93 to 1.64 275,277

maternal 

Maternal 3 1.04 0.87 to 1.25 102,277,278

Paternal 1 1.34 1.23 to 1.46 102

Household 5 1.21 1.00 to 1.47 260,279–282

Prenatal 5–18 5 1.22 1.13 to 1.32 275,283–286

maternal 

Maternal 5 1.15 0.99 to 1.34 270,283,286–288

Paternal 1 0.90 0.44 to 1.83 287

Household 4 1.50 1.13 to 1.97 273,274,289,290



increased risk of middle ear disease by an OR of 1.11 (95% CI 0.55 to 2.24,

four studies),112,147–9 postnatal maternal smoking by 1.46 (95% CI 1.21 to 1.76,

18 studies – Fig 4.5),108,148,150–165 paternal smoking by 1.27 (95% CI 0.97 to 1.66,

10 studies)150,156,158–165 and household smoking by 1.35 (95% CI 1.23 to 1.49;

46 studies).148–151,153,155,160–163,166–201

Subgroup analyses based on the definition of outcome (comprising middle ear

infection and surgery for middle ear disease) found that the increased risk arose

predominantly from a relatively strong effect of passive smoke exposure on the

risk of surgery for middle ear disease, for which the risk was increased by pater-

nal smoking by an OR of 1.85 (95% CI 1.62 to 2.11, three studies)160,162,163 and

by prenatal maternal smoking by 2.90 (95% CI 1.29 to 6.53, one study).149 Simi-

lar estimates were seen between the subgroups for postnatal maternal smoking

and household smoking.

4.7 Lung function

The standard and most widely used measure of airway function in adults and

older children is the forced expiratory function in 1 second (FEV1) and forced

vital capacity (FVC), which are obtained by measuring volume exhaled over time

after a full inspiration followed by a forced expiration carried out as quickly as

possible. However, since this measure cannot be used in infants or children too

young to comply with the forced expiratory manoeuvre, data on airflow in very
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Fig 4.5 Postnatal maternal smoking and middle ear disease in children.†

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Adair-Bischoff 1998 1.89 [1.23, 2.91] 
Barr 1992 1.23 [0.70, 2.15] 
Bennett 1998 1.31 [1.14, 1.51] 
Daigler 1991 0.90 [0.54, 1.50] 
Daly 2007 0.89 [0.50, 1.58] 
Ey 1995 1.33 [0.91, 1.95] 
Gliddon 2001 0.51 [0.09, 2.85] 
Green 1991 1.92 [1.20, 3.06] 
Haaggard 2002 1.74 [1.08, 2.81] 
Hammaren-Malmi 2005 1.25 [0.57, 2.73]
Hammaren-Malmi 2007 4.15 [1.45, 11.89] 
Hinton 1993 2.29 [1.02, 5.14] 
Ilicali 1999 3.93 [2.41, 6.41] 
Kitchens 1995 1.28 [0.65, 2.54] 
Lieu 2002 0.97 [0.91, 1.03] 
Lister 1998 1.31 [0.95, 1.80] 
Said 1978 1.68 [1.45, 1.95] 
Stenstrom 1997 1.32 [0.91, 1.93] 

Total (95% CI) 1.46 [1.21, 1.76] 
Heterogeneity: Tau2 = 0.10; Chi2 = 107.61, df = 17 (P < 0.00001); I2 = 84% 
Test for overall effect: Z = 4.00 (P < 0.0001) 
†Figure is ordered alphabetically by author name 
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young children are limited to measures based on external thoracic compression

manoeuvres. As yet, the relationship between impairment of these measures in

infants, and subsequent FEV1 and FVC measures, is not fully defined. 

4.7.1 Infants

The 1998 Cook, Strachan and Carey review included four publications which

assessed the effect of parental smoking in neonates.4 Evidence on the effect of

prenatal and postnatal smoking has since been reviewed by Stocks and Dezateux

in 2003,202 who identified 21 studies assessing the effect of parental smoking on

infant lung function. We identified three further relevant studies published since

the 2003 review.203–205 This total of 24 studies used a range of different and not

necessarily directly comparable lung function measures, so meta-analysis was not

feasible. However, the studies were generally, but not entirely, consistent in find-

ing evidence of small reductions in measures of lung function among infants

exposed to maternal smoking both before and after birth. The practical signifi-

cance of these deficits as the child grows and develops into adulthood is as yet

uncertain. 

4.7.2 School-aged children

The 1998 review by Cook et al identified 42 cross-sectional studies in school-aged

children and six longitudinal studies of lung function growth.4 Our literature

searches identified a further five population-based studies (two cross-sectional and

three cohort studies)206–210 with data suitable for inclusion in a further meta-anal-

ysis. This new analysis demonstrates that passive smoking is associated with a sig-

nificant modest (1.02%, 95% CI 0.62 to 1.42%, 26 studies – Fig 4.6)101,119,206–229

reduction in FEV1, with no difference in effect between boys and girls.

4.8 Meningitis

We identified 16 studies of the effect of passive smoking on meningococcal or

other bacterial meningitis:230–245 14 case-control studies (1,317 cases of meningo-

coccal disease and 10,878 controls), one cohort study (47 cases out of 283,291

children), and one cross-sectional study of meningococcal carriage (82 cases out

of 625 children). Fourteen studies were based on children aged ≤16 years, and

two on children aged ≤18 years. Estimates of OR adjusted for potential con-

founders were available from nine studies. A pooled analysis of the 16 studies

found that the risk of meningitis in children with one or more parent who
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smoked was increased by more than two-fold, with an OR of 2.30 (95% CI 1.74

to 3.06 – Fig 4.7). A subgroup analysis based on studies which presented ORs

adjusted for potential confounders showed a similar magnitude of effect (OR

2.39, 95% CI 1.64 to 3.50, nine studies).230,233,237–242,245

Since this association was not concluded to be causal in the Surgeon General

report,11 we include a funnel plot of the published studies (Fig 4.8), which shows

an asymmetrical pattern consistent with the exclusions of some smaller studies

that have not demonstrated so great an increase in risk as a result of publication

bias. If this is the case, then the OR of 2.30 is likely to be a modest overestimate

of the true effect. 
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Fig 4.6 Passive smoke exposure and FEV1 (% difference) in school-aged children.†

Mean difference, Mean difference,
Study or subgroup 95% CI 95% CI 

1.1.1 Studies identified from Cook et al review 
Burchfiel 1986 –2.00 [–4.29, 0.29] 
Chen 1986 –2.25 [–3.78, –0.72] 
Cook 1993 –2.20 [–3.20, –1.20] 
Corbo 1996 –1.78 [–5.23, 1.67] 
Cujipers 1995 –4.15 [–6.84, –1.46] 
Cunningham 1994 –0.90 [–1.39, –0.41] 
Cunningham 1995 –1.50 [–3.34, 0.34] 
Dijkstra 1990 –1.80 [–3.35, –0.25] 
Dold 1992 –0.40 [–1.30, 0.50] 
Ekwo 1983 0.91 [–5.38, 7.20] 
Haby 1994 –0.90 [–1.61, –0.19] 
Martinez 1992 0.07 [–3.69, 3.83] 
O’Connor 1987 –6.10 [–9.33, –2.87] 
Stern 1989 –1.07 [–1.83, –0.31] 
Strachan 1990 –1.80 [–4.60, 1.00] 
Tashkin 1984 –1.55 [–7.88, 4.78] 
Teculescu 1986 –4.50 [–8.62, –0.38] 
Teculescu 1989 –2.10 [–4.10, –0.10] 
Ware 1984 –0.48 [–0.83, –0.13] 
Willers 1992 12.50 [–32.58, 57.58] 
Yarnell 1979 –1.85 [–5.95, 2.25] 
Subtotal (95% Cl) –1.37 [–1.82, –0.93] 
Heterogeneity: Tau2 = 0.34; Chi2 = 40.53, df = 20 (P = 0.004); I2 = 51% 
Test for overall effect: Z = 6.07 (P < 0.00001) 

1.1.2 Studies identified from updated search 
Demissie 1998 1.78 [–0.59, 4.15] 
Gilliand 2003 (boys only) –0.70 [–1.90, 0.50] 
Gilliand 2003 (girls only) 0.80 [–0.30, 1.90] 
Jedrychowski 2005 –0.02 [–0.08, 0.04] 
Mannino 2001 –1.80 [–3.19, –0.41] 
Moshammer 2006 –0.30 [–0.91, 0.31] 
Subtotal (95% CI) –0.16 [–0.69, 0.37] 
Heterogeneity: Tau2 = 0.21; Chi2 = 12.68, df = 5 (P = 0.03); I2 = 61% 
Test for overall effect: Z = 0.60 (P = 0.55) 

Total (95% CI) –1.02 [–1.42, –0.62] 
Heterogeneity: Tau2 = 0.47; Chi2 = 112.97, df = 26 (P < 0.00001); I2 = 77%
Test for overall effect: Z = 4.97 (P < 0.00001)
Test for subgroup differences: Chi2 = 59.76, df = 1 (P < 0.00001), I2 = 98.3%
† Figure is ordered alphabetically by author name 

–4 –2 0 2 4
Smoke dec lung function Smoke inc lung function



4.9 Confounding

We have analysed results from all retrieved eligible studies, including those that

adjusted for confounding and those that did not. However, the original system-

atic reviews1–5 found that the associations of these outcomes with passive smok-

ing were robust to adjustment for confounding, so we have not included adjusted

estimates for the equivalent outcomes presented here.

Meningitis was not included in the above earlier systematic reviews, but our

analysis found that the OR estimate based on studies that adjusted for potential
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Fig 4.7 Passive smoke exposure and meningitis in children.†

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Baker 2000 1.40 [1.09, 1.80] 
Bredfeldt 1995 2.11 [1.02, 4.35] 
Cardenosa 2001 1.60 [0.37, 7.01] 
Fischer 1997 3.80 [1.62, 8.90] 
Haneberg 1983 3.42 [1.71, 6.86] 
Iles 2001 0.84 [0.43, 1.63] 
Kremastinou 1999 2.66 [1.09, 6.47] 
Kriz 2000 3.52 [1.43, 8.67] 
McCall 2004 9.10 [2.08, 39.88] 
Moodley 1999 0.70 [0.33, 1.50] 
O’Dempsey 1996 2.99 [1.10, 8.15] 
Robinson 1997 11.30 [3.20, 39.93] 
Sorensen 2004 1.80 [1.47, 2.20] 
Stanwell-Smith 1994 4.67 [1.63, 13.40] 
Stuart 1988 2.58 [1.12, 5.97] 
Yusuf 1999 2.93 [1.52, 5.66] 

Total (95% CI) 2.30 [1.74, 3.06] 
Heterogeneity: Tau2 = 0.17; Chi2 = 43.70, df = 15 (P = 0.0001); I2 = 66% 
Test for overall effect: Z = 5.78 (P < 0.00001) 
†Figure is ordered alphabetically by author name 
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Fig 4.8 Funnel plot of 16 studies that examined the association between passive
smoke exposure and meningitis in children. The dashed horizontal line indicates the
pooled odds ratio (2.30).
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confounders was actually marginally higher than the unadjusted estimate, sug-

gesting that appreciable bias arising from confounding of the effect of passive

smoking on meningitis risk is unlikely. 

4.10 Summary

H Living in a household in which one or more people smoke more than

doubles the risk of sudden infant death.

H Passive smoking increases the risk of lower respiratory infections in

children. Smoking by the mother increases the risk by about 60%, and

smoking by any household member by over 50%. Most of this increase is

due to an effect on bronchiolitis, which is about 2.5 times more likely to

occur in children whose mothers smoke.

H Passive smoking increases the risk of wheezing at all ages. Again, the effect

is strongest for smoking by the mother, with increases in risk of 65% to

77% according to the age of the child.

H Passive smoking also increases the risk of asthma, and although effects were

generally less strong than for wheeze or infection, in school-aged children

the risk is increased by household smoking by about 50%.

H Passive smoking increases the risk of middle ear disease. The risk is

increased by about 35% for household smoking and about 46% for

smoking by the mother.

H Passive smoking results in modest impairment of lung function in infants and

children. The long term practical significance of this effect is not known.

H Passive smoking appears to more than double the risk of bacterial

meningitis.

H Since most mothers who smoke through pregnancy also smoke after the

child is born, it is difficult to determine the relative importance of maternal

smoking before and after birth on these outcomes. However, the higher ORs

for postnatal maternal smoking, and the presence of effects from other

household smokers, suggests that postnatal smoking is the more important. 
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5.1 Introduction

The systematic reviews and meta-analyses summarised in Chapter 4 provide

contemporary estimates of the extent to which the risks of a range of common

childhood diseases and outcomes are increased in children who are passively

exposed to tobacco smoke, compared with those who are not. They do not, how-

ever, provide estimates of the numbers of children who become ill as a result of

passive smoking, or the magnitude of the burden on health service provision that

results from these illnesses. To provide this information, it is necessary to com-

bine estimates of relative risk in exposed children with estimates of the incidence

of the diseases of interest, the degree of health service use that these diseases

generate, and the number of children who are exposed.

In this chapter we have used data from a range of sources to generate estimates

of the burden of disease caused by passive smoking in UK children. The estimates

are inevitably approximate, since they depend on a number of assumptions about

the representativeness of the data sources we have used, and also on the represen-

tativeness of the relative risk estimates presented in Chapter 4 to the various age-

groups, exposure categories and outcome measures involved. They are also

limited predominantly to the more common diseases caused by passive smoking;

the list of outcomes studies is not exhaustive. However, they give an indication of
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the likely order of magnitude of the numbers of children who currently become ill

or, in the case of sudden infant death syndrome, die as a result of passive smok-

ing. They also indicate the number of primary care consultations and hospital

admissions that these diseases generate. The costs of this disease burden to the

NHS and wider society are estimated in Chapter 7.

5.2 Estimates of disease incidence

To obtain measures of disease incidence for lower respiratory infection, wheeze,

asthma, middle ear disease and meningitis, we have used primary care data from

The Health Improvement Network (THIN), a computerised database of over

5.7 million people registered with 330 general practices across England, Scotland,

Wales and Northern Ireland.1 For each individual, THIN records include demo-

graphic data, Townsend score of socio-economic deprivation (from the 2001

census), and contacts with the practice Read-coded by diagnosis. The population

in THIN is broadly representative of the general population of the UK.1 As part

of a programme of research on perinatal health, we have identified a birth cohort

representative of UK children with full medical records for each child and other

members of their household for the period they are registered with a THIN gen-

eral practice.2,3 In this chapter, we used these data for all children born between

1988 and 2004 who were registered with the general practice within 3 months of

their date of birth either up to the time they left the general practice, reached the

age of 16 years, or until the end of 2004. On average, approximately 6 years of

follow-up data were available for each child. 

Using this birth cohort dataset, we identified the first diagnoses of wheeze

occurring before the age of 3 years, of asthma occurring between the ages of 3

and 16 years, and of bacterial meningitis occurring between birth and 16 years.

Our data for these outcomes therefore reflect disease incidence using time to first

diagnosis. We limited the analysis of wheeze and asthma to the above age ranges

on the conservative assumption that most wheezing illness in very young chil-

dren will be coded as wheeze, whilst as children get older, episodes of wheezing

are more likely to gain the diagnostic label of asthma. We separated the asthma

outcomes into age groups 3–4 and 5–16, for consistency with the age groups

used in the meta-analyses in Chapter 4. 

For middle ear disease, we identified all new episodes of disease between birth

and 16 years of age, defining a new episode of disease as a recorded diagnosis for

middle ear disease with no other diagnoses for middle ear disease in the preced-

ing 3 months. We used this approach to minimise the potential to erroneously

count repeat consultations for the same episode of middle ear disease as a new
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diagnosis. We used the same approach for lower respiratory tract infections but,

in accordance with the age range included in the Chapter 4 meta-analysis, we

assessed only infections occurring before the age of 3 years. This means that, for

our analyses of incident disease, children may have more than one diagnosis of

lower respiratory tract infection or middle ear disease, but only one diagnosis

of wheeze, asthma or meningitis. The incidence estimates arising from these

analyses are presented in Table 5.1. 
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Table 5.1 Incidence of new events of disease, and of general practice contacts, for
lower respiratory infection, middle ear infection, wheezing, asthma and meningitis
in children in the THIN cohort.

Person- Incidence/
Age years 1,000 
range in available person-
years (000s) Events years 95% CI

Disease incidence

Lower respiratory ≤2 516 42,083 82 81 to 82
infectionsa

Middle ear infectionsa 0–16 1,214 171,048 141 140 to 142

Wheezeb ≤2 485 19,335 40 37 to 43

Asthmab 3–4 207 6,330 31 29 to 32

Asthma b 5–16 364 5,775 16 15 to 17

Meningitisb 0–16 1,214 301 0.25 0.22 to 0.28

Disease consultations

Lower respiratory ≤2 516 53,486 104 102 to 105
infectionsc

Middle ear infectionsc 0–16 1,214 226,141 186 185 to 188

Wheezec ≤2 516 29,443 57 56 to 58

Asthmac 3–4 237 32,026 135 132 to 139

Asthmac 5–16 461 52,923 115 112 to 118

Meningitisc 0–16 1,214 363 0.30 0.26 to 0.34

a Includes multiple episodes of infection per child where a new episode of infection was considered as
a diagnosis preceded by at least 3 months with no diagnoses of the same infection. Clustering of
episodes by child is allowed for in calculation of confidence intervals.
b Based on first recorded diagnosis. Clustering of diagnoses by general practice is allowed for in
calculation of confidence intervals.
c Includes multiple consultations per child where a consultation was considered as any general
practice contact for the relevant diagnosis on a unique day – multiple consultations on the same day
were counted as one consultation). Clustering of episodes by child is allowed for in calculation of
confidence intervals.

© Royal College of Physicians 2010. All rights reserved.



5.3 General practice consultation rates

We also estimated the burden for each of these outcomes in terms of primary

healthcare use, by extracting data for all general practice contacts for each of the

above five disease outcomes (excluding multiple contacts on the same day) in the

same age categories as the disease incidence figures, and calculating the incidence

of general practice contacts for each recording of disease outcome. The resulting

estimates are also presented in Table 5.1. 

5.4 Disease incidence and socio-economic status

To determine whether the burden of each of our disease outcomes was related to

socio-economic status, we stratified our analyses for disease incidence by quintile of

the census-derived output area Townsend score of material deprivation linked to

the household postcode. For each disease outcome we then generated rate ratios of

disease incidence for children living in each area quintile of Townsend score in rela-

tion to the least deprived quintile. Figure 5.1 demonstrates a progressive increase in

relative incidence for lower respiratory infections, wheeze, asthma and meningitis

with increasing socio-economic deprivation, but not for middle ear disease.

5.5 Hospital admissions

We obtained hospital admission data for wheeze, asthma, lower respiratory tract

infections, middle ear disease and meningitis for children living in England using
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Fig 5.1 Rate ratios for selected childhood diseases according to quintile of deprivation.
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Hospital Episode Statistics (HES). For middle ear disease and bacterial meningi-

tis, data on admissions in children aged 0–14 years are available directly from the

HES website.4 Data on admissions for lower respiratory infection to age 3, and

for wheeze and asthma in the age categories used above (to a maximum of 14)

were obtained by request. The data are from the 2005/6 financial year, the most

recent for which detailed data are available.

5.6 Notified cases of meningococcal meningitis

Approximately 65% of all cases of bacterial meningitis are caused by infection

with Neisseria meningitidis, also known as meningococcal meningitis, and this

proportion is actually higher in children.5 In England and Wales, all laboratory-

confirmed cases of invasive meningococcal disease are notified to the Health Pro-

tection Agency, and details of these cases stratified by age group and serotype are

published on their website. In order to provide a figure for England and Wales,

we extracted the data from this website for the year 2007/8 for all serotypes in

children under the age of 15 years. This gave a total of 834 cases.6

5.7 Sudden infant deaths

The ONS 2008 mortality report records 176 deaths registered as being due to sud-

den infant death (ICD 10 code R95) in 2008 England and Wales, 167 of which

were in children under the age of 1 year.7 We restricted our analysis to children in

the first year of life to reflect the age criteria used in our meta-analysis-derived

relative risks.

5.8 Attributable fractions for passive smoke exposure 

We used the odds ratios presented in Chapter 4 to estimate the proportions of

disease attributable to passive smoking from the formula p(OR–1)/[p(OR–1)+1],

in which p is the proportion of the cohort exposed to passive smoking and OR is

the odds ratio for disease in exposed children. We took the proportion of chil-

dren exposed to be the 22% who do not live in smoke-free homes (Chapter 2,

Table 2.3), and as a measure of risk, used the odds ratio for each disease outcome

in relation to smoking by any household member given in Chapter 4. The

attributable fractions were 11% of lower respiratory infection under the age of

3 years, 7% of middle ear disease, 8% of wheezing in children aged under 3 years,

4% of asthma in 3- to 4-year-old children, 10% of asthma in children age 5 and

over, and 22% of cases of meningitis.
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5.9 Morbidity and mortality attributable to passive smoking

5.9.1 New cases of disease

We took ONS data for the number of children in the relevant age-groups living in

the UK in 20088 and multiplied these by the incidence rates in Table 5.1, and the

attributable fractions in section 5.8 above, to generate the estimated number of

new cases of lower respiratory infection, middle ear disease, wheeze, asthma and

meningitis attributable to passive smoking in the UK each year. The figures are

presented in Table 5.2, which indicates that around 165,000 new cases of these

diseases in the defined age categories are caused by passive smoking in the UK

each year. The majority of these are children with middle ear disease, but lower

respiratory infection in young children, and asthma in school-aged children, are

also particularly common. There were an estimated 600 new cases of bacterial

meningitis due to passive smoking.

5.9.2 General practice consultations

Numbers of general practice contacts, estimated from consultation rates using

the same approach as above, are also presented in Table 5.2. These numbers

demonstrate that passive smoking in children accounts for a total of over 300,000

general practice consultations in the UK each year. The majority of these consul-

tations are for middle ear disease. However, asthma emerges as a cause of

repeated contacts with the GP, with over 100,000 consultations for asthma in

children each year attributable to passive smoking. 

5.9.3 Hospital admissions 

The number of hospital admissions arising from the above conditions, by age, and

the numbers attributable to passive smoking, are summarised in Table 5.3. The esti-

mates are based on assumptions that the likelihood of admission to hospital with

any of these diseases is not related to passive smoking, and that the odds ratios esti-

mated in Chapter 4 are not appreciably influenced by the inclusion of children aged

over 14. There is also an assumption that the proportion of repeat admissions for

wheezing or asthma attributable to smoking is similar to that of first episodes of

disease. The figures demonstrate that a total of around 8,500 admissions from the

above conditions in the given age ranges are caused by passive smoking each year in

England. The approximate figure for the UK will therefore be around 9,500. 

The estimated 231 admissions in England (or 260 in the UK, extrapolating

using the population estimates in Table 1.1) with meningitis attributable to
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Table 5.2 Events of disease in children in the UK caused by passive smoking in the home (2008).

UK Estimated relative Population UK cases 
Age range population Estimated risk for household attributable attributable to 
in years (000s)d UK eventse smoking fraction smokingf

Disease incidence

Lower respiratory infectionsa ≤2 2,276 186,630 1.54 11% 20,500

Middle ear infectionsa 0–16 12,310 1,735,710 1.35 7% 121,400

Wheezeb ≤2 2,276 91,040 1.37 8% 7,200

Asthmab 3–4 1,424 44,140 1.21 4% 1,700

Asthmab 5–16 8,611 137,770 1.50 10% 13,700

Meningitisb 0–16 12,310 3,070 2.30 22% 600

Total incident cases 165,100

Disease consultations 

Lower respiratory infectionsc ≤2 2,276 236,700 1.54 11% 26,000

Middle ear infectionsc 0–16 12,310 2,289,660 1.35 7% 160,200

Wheezec ≤2 2,276 129,730 1.37 8% 10,300

Asthmac 3–4 1,424 192,240 1.21 4% 7,600

Asthmac 5–16 8,611 990,260 1.50 10% 99,000

Meningitisc 0–16 12,310 3,690 2.30 22% 800

Total consultations 303,900

a Includes multiple episodes of infection per child where a new episode of
infection was considered as a diagnosis preceded by at least 3 months with no
diagnoses of the same infection.
b Based on 1st recorded diagnosis.
c Includes multiple consultations per child where a consultation was considered
as any general practice contact for the relevant diagnosis on a unique day –
multiple consultations on the same day were counted as one consultation.

d Office for National Statistics 2008 population numbers for the UK.8
eFigures are calculated by multiplying Table 5.1 disease incidence rates by the
UK population for the relevant disease outcome and age group, rounded down
to the nearest 10 cases.
f Figures are calculated by multiplying the estimated UK cases by the population
attributable fraction for the relevant disease outcome and age group, rounded
down to the nearest 100 cases.



passive smoking is substantially lower than the estimate of the number of cases of

meningitis attributable to passive smoking seen by UK GPs each year. Since

almost all cases of bacterial meningitis would normally be referred to and admit-

ted to hospital, this discrepancy probably reflects diagnostic inaccuracy in both

sources of data (see below).

5.9.4 Notified cases of meningococcal disease

Applying the 22% attributable fraction to notified cases of meningococcal disease

generates an estimated 183 cases in England (or an extrapolated 206 cases in the

UK) caused by passive smoking in children each year. Since this figure relates to

confirmed cases of meningococcal disease, and excludes other causes of bacterial

meningitis, this suggests that the HES admission figure for bacterial meningitis

due to passive smoking is an underestimate.

5.9.5 Sudden infant death syndrome

The population attributable fraction for sudden infant death syndrome, esti-

mated using the formula in 5.8 above, is also 22%. Applying this fraction to the

114 Passive smoking and children

© Royal College of Physicians 2010. All rights reserved.

Table 5.3 Hospital episodes (admissions) in children aged 0–14 in England in
2005/6 from specified diseases attributable to passive smoke exposure.

Population Admissions
Age Admissions attributable attributable to 
group in England fraction smoking

Lower respiratory ≤2 33,613 10% 3,361
infectionsa

Middle ear infectionsb 0–14 35,961 7% 2,517

Wheezec ≤2 11,724 8% 938

Asthmad 3–4 5,910 4% 236

5–14 12,109 10% 1,211

Meningitise 0–14 1,049 22% 231

Total 8,494

a Acute bronchitis (HES Code J20), acute bronchiolitis (J21), unspecified acute lower respiratory
infection (J22).
b Non-suppurative (H65) and suppurative and unspecified otitis media (H66).
c Code R062.
d Asthma (J45) and status asthmaticus (J46).
e Meningococcal meningitis (A39.0), and bacterial meningitis (G00).



167 deaths in England and Wales in 2008 generates an estimate that 37 of these

deaths were caused by passive smoking. By extrapolation, the total for the UK is

about 40 deaths each year.

5.10 Association between morbidity and deprivation

We are unable to provide estimates of numbers of excess cases of illness due to

passive smoke exposure in the home for different levels of socio-economic status,

since we do not have exposure data for the social groups defined by Townsend

score for which we have incidence data from THIN. However, the strong associa-

tion between passive smoke exposure in the home and socio-economic status

reported in Chapter 2 suggests that children living in poorer homes will have a

higher level of exposure than children living in more affluent homes, and this is

likely to contribute to the higher relative incidences for lower respiratory infec-

tion, asthma, wheeze and meningitis in children living in more deprived com-

pared with less deprived areas, shown in Fig 5.1. The absence of a strong social

gradient for middle ear disease, however, indicates that other factors also play an

important role in the incidence of that particular disease outcome. 

5.11 Summary 

H A combination of data from a range of sources has allowed estimation of

approximate numbers of cases of disease and consequent morbidity in

children caused by passive smoking in the UK.

H We estimate that passive smoking causes around 20,500 new cases of lower

respiratory tract infection in children under the age of 3 years, and 121,400

new cases of middle ear disease in children of all ages in the UK each year.

H We also estimate that passive smoking causes 22,600 new cases of wheeze

and asthma in UK children each year.

H There is some inconsistency in the estimates of the numbers of cases of

bacterial meningitis caused by passive smoking in the UK each year, but the

true figure is likely to be at least 200.

H These cases of disease result in over 300,000 UK general practice

consultations, and about 9,500 hospital admissions in the UK each year.

H Since we have studied only the more common and other selected disease

outcomes, the above figures underestimate the true burdens of disease

caused by passive smoking.

H Passive smoking causes around 40 sudden infant deaths in the UK each year.
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H It is likely that passive smoke exposure is a significant contributor to the

socio-economic gradient of incidence of most of the childhood illnesses

studied.

H This entire excess disease burden is avoidable.
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6.1 Introduction

The preceding three chapters have focused on the physical harm to children, and

to the unborn fetus, arising from passive smoke exposure. However, a further sig-

nificant cause of damage arising from others’ smoking, particularly of immediate

family members, results from the impact of smoking behaviour on the likelihood

that children and young people will themselves experiment with smoking, and in

due course become regular smokers. The longer-term implications for the health

and wealth of the individual resulting from this outcome are immense and, whilst

a full review is beyond the scope of this report, they include a 50% chance of pre-

mature death with an average 10-year loss of life expectancy.1 The younger the age

of smoking uptake, the greater the harm from smoking is likely to be, since early

uptake is associated with subsequent heavier smoking, higher levels of depen-

dence, a lower likelihood of subsequent cessation, and higher mortality.1 In this

chapter, we therefore review the evidence surrounding the impact of smoking by

other family members on the risk of incident smoking in the child.

6.2 Age and uptake of smoking

The majority of regular cigarette users start smoking during late childhood and

early adolescence.2 The proportion of children in England who have smoked in

Effect of parent and sibling smoking6 on smoking uptake
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the past week is strongly age-related, increasing from about 1% in 11-year-olds,

to 7% at age 13, and 20% by age 15.3 Among 16- to 19-year-olds in Britain, 21%

are regular (typically daily) smokers, and in 20- to 24-year-olds, 31% are regular

smokers.4 The prevalence of smoking declines with age thereafter. Thus, in Eng-

land (as in many countries) the great majority of smoking experimentation and

uptake occurs during teenage years. 

6.3 Factors influencing smoking uptake

Uptake of smoking is associated with a wide range of risk factors,5 which include:

the ease of obtaining cigarettes;5 smoking by friends and peer group members;6–8

socio-economic status;9 exposure to positive tobacco marketing and depictions

in film, television and other media;10 attitudes and behaviours in school environ-

ments;11 and parental and sibling smoking.5 Since exposure to smoking role

models in parents, siblings and other household members is likely to be most

prevalent in the homes of children who sustain passive smoke exposure, we have

therefore attempted to quantify this additional behavioural effect of passive

smoking on the subsequent risk of smoking uptake in the exposed child. 

6.4 Studies identified 

We searched for relevant studies published between 2000 and 2009 in the EMBASE,

MEDLINE, PSYCInfo, and CAB Abstracts databases. The key words used to search

for the exposure variables were: parent; mother; paternal; father; household; sib-

ling; maternal; guardian; brother; sister; smoke; tobacco; cigarette; cotinine; and

exp smoking; and for the outcome variable: adolescent; teenager; children; and

child. We scanned the reference lists of the identified studies, and also searched the

proceedings of the Society for Research on Nicotine and Tobacco (SRNT) confer-

ence for additional relevant references. We excluded five studies published in non-

English languages.

The titles of the identified publications were screened by one researcher to

assess the eligibility of the articles, and the abstracts of all studies with titles that

appeared potentially eligible were screened independently by two researchers to

identify those that appeared relevant. Full text versions of these studies were then

obtained. Meta-analysis was carried out using random effect models, and pre-

sented as pooled ORs with 95% CIs for seven exposure variables: smoking by both

parents, either parent, at least one parent, mother, father, household, or sibling.

A total of 58 relevant studies were included in the meta-analyses. The majority

of these were carried out in the USA and Europe, and involved a range of school,
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family, clinical and community-based populations and settings. Most of the

studies measured adolescent smoking by self report, though two used biochemi-

cal measures of cotinine in saliva.12,13 Thirty studies assessed current smok-

ing,8,9,13–40 26 studies assessed ever smoked,12,41–65 and two studies combined

current and ever-tried smokers together.66,67

6.5 Parental smoking

A pooled analysis of 14 studies in which exposure was determined by having one

parent who smokes found that the risk of smoking in adolescence was increased

by 62% (OR 1.62, 95% CI 1.49 to 1.76; Fig 6.1).8,12,23,27,31,33,38–40,42,44,46,47,62 This

effect was stronger if the parent who smoked was the mother (OR 2.19, 95% CI

1.73 to 2.79, 24 studies)20–22,24–26,28,34,35,37,43,47,48,50,52,54,56–58,63–67 than the father

(OR 1.66, 95% CI 1.42 to 1.94, 18 studies).20–22,28,34,35,47,50,52,54,56–58,60,63–65,67

Among children with at least one parent who smokes, the risk of smoking in the

child is increased by 72% (OR 1.72, 95% CI 1.59 to 1.86, 10 studies);13–19,30,53,61

if both parents smoke, the risk is increased almost three-fold (pooled OR 2.73,

95% CI 2.28 to 3.28, 15 studies).8,13,20,23,27–29,31,33,34,39,44,46,47,63

6.6 Sibling smoking

A pooled analysis of 23 studies found the effect of a sibling smoking (usually

defined within the included studies as an older sibling) more than doubled the

6 Effect of parent and sibling smoking on smoking uptake 119

Fig 6.1 Studies of risk of adolescent smoking if either parent smokes.

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Bauman 2001 1.22 [1.02, 1.46] 
Bricker 2006 1.67 [1.53, 1.82] 
den Exter Brockland 2004 2.36 [1.63, 3.42] 
Foster 2007 1.63 [1.04, 2.56] 
Gilman 2008 1.45 [0.81, 2.59] 
Molyneux 2002 1.35 [1.10, 1.66] 
Molyneux 2004 1.52 [1.13, 2.05] 
Otten 2007 1.95 [1.35, 2.82] 
Sargent 2001 0.80 [0.38, 1.70] 
Scragg (Asian) 2003 1.36 [0.78, 2.37] 
Scragg (European) 2003 1.91 [1.70, 2.15] 
Scragg (Maori) 2003 1.46 [1.26, 1.69] 
Scragg (Pacific) 2003 1.67 [1.33, 2.10] 
Siziya (boys) 2007a 1.54 [0.69, 3.44] 
Siziya (boys) 2007b 1.39 [1.20, 1.61] 
Siziya (girls) 2007a 1.72 [1.39, 2.13] 
Siziya (girls) 2007b 1.79 [1.50, 2.14] 
Szabo 2006 2.11 [1.65, 2.70] 
Tyc 2004 3.46 [1.25, 9.55] 

Total (95% CI) 1.62 [1.49, 1.76] 
Heterogeneity: Tau2 = 0.02; Chi2 = 43.72, df = 18 (P = 0.0006); I2 = 59% 
Test for overall effect: Z = 11.14 (P < 0.00001) 

0.1 0.2 0.5 1 2 5 10
Exposure decreases risk Exposure increases risk
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risk of an adolescent smoking (pooled OR 2.30, 95% CI 1.85 to 2.86;

Fig 6.2).8,12,14,16,20–23,29–32,34,35,41,52,54–56,58,63–65

6.7 Household smoking

Any household smoking (usually defined as either ‘lives with a smoker’ or ‘an

adult smokes in the home’) increased the risk by an OR of 1.92 (95% CI 1.70 to

2.16, 12 studies).9,17,33–36,45,49,51,55,58,59

6.8 Implications of effect of family smoking on smoking uptake

The meta-analyses summarised above indicate that a young person who grows

up in a family in which parents or siblings smoke is substantially more likely to

become a smoker. The magnitude of this effect depends on which family mem-

ber or members smoke. The available studies differ in how these exposures are

categorised. At the lowest estimate of effect, arising from having only one parent

120 Passive smoking and children

© Royal College of Physicians 2010. All rights reserved.

Fig 6.2 Studies of risk of adolescent smoking if siblings smoke.

Study or subgroup Odds ratio, 95% CI Odds ratio, 95% CI 

Asbridge 2005 2.13 [1.73, 2.63] 
Bergamaschi 2000 2.32 [1.76, 3.06] 
Bricker 2006 1.55 [1.28, 1.88] 
Forrester 2007 1.90 [1.31, 2.77] 
Johnson 2002 2.57 [1.97, 3.35] 
Kalesan 2006 5.20 [4.83, 5.60] 
Kelishadi (boys) 2007 1.40 [1.09, 1.80] 
Kelishadi (girls) 2007 1.20 [0.60, 2.40] 
Komro 2003 8.95 [5.44, 14.74] 
Kristajanson 2008 1.55 [1.10, 2.18] 
Malcon 2003 2.64 [1.77, 3.93] 
Martini 2003 2.47 [1.93, 3.16] 
Milton 2004 5.32 [1.34, 21.18] 
Molyneux 2002 2.27 [1.85, 2.78] 
Molyneux 2004 1.83 [1.31, 2.56] 
Parna (boys) 2003 1.70 [1.26, 2.30] 
Parna (girls) 2003 1.50 [0.98, 2.30] 
Rajan 2003 1.60 [1.17, 2.18] 
Sargent 2001 1.00 [0.48, 2.10] 
Sasco 2003 3.40 [1.70, 6.80] 
Scragg (Asian) 2007 4.82 [3.16, 7.35] 
Scragg (European) 2007 2.07 [1.86, 2.30] 
Scragg (Maori) 2007 1.41 [1.25, 1.59] 
Scragg (Pacific) 2007 1.83 [1.39, 2.41] 
Shamsuddin 2000 2.12 [1.28, 3.49] 
Vink (boys) 2003 5.23 [2.18, 12.55] 
Vink (girls) 2003 3.58 [1.10, 11.60] 
Wen 2007 1.87 [1.40, 2.50] 
Withers 2000 4.41 [3.01, 6.46] 

Total (95% CI) 2.30 [1.85, 2.86] 
Heterogeneity: Tau2 = 0.31; Chi2 = 615.99, df = 28 (P < 0.00001); I2 = 95% 
Test for overall effect: Z = 7.50 (P < 0.00001) 

0.05 0.2 1 5 20
Exposure decreases risk Exposure increases risk



who smokes, the risk of uptake is increased by about 60%. If both parents smoke,

the risk is substantially higher.

The impact of smoking by any family member in these analyses inevitably has

some component of confounding by exposure to other smokers both in the family

and outside the home, since smokers are more likely to live with other smokers and

to have other smokers in their social networks and wider social and work environ-

ments. However, collectively these influences amount to a highly significant impact

on the risk that an individual child will become a smoker, and on the persistence of

smoking in populations. Since exposure to family smoking is particularly common

in relatively socially disadvantaged households, this effect is also likely to be an

important contributor to the perpetuation of the association between smoking and

social disadvantage. The harm caused to the child by smoking uptake is also likely

to be substantial, since most people who become established smokers as young peo-

ple will remain regular smokers for many years, and about half of those who remain

smokers will die as a consequence of their smoking.1

6.9 Number of children who take up smoking as a result of
smoking exposure in the home

Approximately 22% of children aged up to 15 live in a home that is not smoke-

free (Table 2.3). Taking the estimate of the increased odds of becoming a smoker

in these children to be that for household smoking, of 1.92 (Section 6.7), which

also lies approximately midway in the range of ORs for different definitions of

exposure, then the attributable fraction equation used in Chapter 5 generates an

estimate that around 17% of smoking uptake among children up to age 15 is

likely to be attributable to exposure to smoking in the home. In 2008, there were

around 675,000 15-year-olds in England and Wales,68 of whom 20% smoked.3

A 17% attributable percentage translates into approximately 23,000 new smokers

by age 15 arising from exposure to smoking in the home. This figure excludes

smoking uptake arising from exposure to smokers outside the home, or uptake

occurring after the age of 15.

6.10 Implications for policy

Breaking the cycle of persistent smoking passing from one generation to the next,

particularly in disadvantaged families, demands measures to reduce exposure of

children and young people to smoking behaviour and role models. The most

effective means of ensuring that exposure to parental smoking is prevented is to

maximise cessation among adult smokers. At present, smoking prevalence is
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highest in the young adult, and hence potentially parental, age groups.4 Measures

to prevent smoking in this young adult age group are thus likely to be especially

effective in both preventing harm from passive smoking, reducing the uptake of

smoking by the current generation of children and young people, and reducing

the magnitude of the link between smoking and social inequality in health.

6.11 Summary

H Children growing up with parents or siblings who smoke are around 90%

more likely to become smokers themselves.

H Similar, though probably less strong, influences on smoking behaviour are

likely to result from exposure to smoking outside the home.

H At least 23,000 young people in England and Wales each year start smoking

by the age of 15 as a result of exposure to smoking in the home, though the

true total for uptake as a consequence of exposure to others’ smoking is

likely to be higher.

H Since uptake of regular smoking has significant health implications for the

child, including a 50% likelihood of premature death if smoking continues,

this represents a major health hazard to children.

H Together, these influences are likely to play a major role in perpetuating the

association between social disadvantage and smoking.

H Maximising measures to reduce the prevalence of exposure of children to

smokers is thus a high priority, not only to avoid harm caused by passive

smoke, but also from the increased risk of smoking uptake.
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7.1 Background
7.2 Costs in primary care
7.3 Hospital costs
7.4 Costs of uptake of smoking
7.5 Summary

7.1 Background

The financial burden of disease imposed on the NHS by smoking is considerable.

In the 1990s, two estimates of the annual cost to the NHS of treating disease

caused by smoking in the UK arrived at figures indicating a range of between

£1.4 and 1.7 billion,1,2 or about 4.9% of all NHS expenditure. By 2006, largely as

a result of increased healthcare costs, direct costs to the NHS had been indepen-

dently estimated to have risen to between £2.71 and £5.2 billion,1 the latter figure

representing 5.5% of all NHS expenditure. The percentage of total healthcare

costs accounted for by smoking varies across developed countries, from 3.3% in

Germany1 to almost 12% in the USA.1 Costs across the USA also vary signifi-

cantly between States, with approximately 16% of California’s healthcare budget

attributable to treating disease arising from smoking.6 The wider societal costs of

smoking are far-reaching, with estimated workplace costs arising from smoking-

related absenteeism, smoking breaks and fires, of approximately £450 million for

Scotland alone.1 Scaling these costs up to the UK population yields an estimate of

around £5 billion. 

To date, however, none of these cost estimates have included the costs arising

from disease caused by passive smoking in children. The potential wider finan-

cial and economic impacts of passive smoking are considerable, but difficult to

measure fully. No attempt is made in this chapter to calculate the impact of chil-

dren’s ill health on parental anxiety and wellbeing, or the impact on children’s

schooling and educational achievements. Such impacts are likely to reduce future

earnings, and may have additional health and wellbeing effects for the children

concerned. The costing undertaken for this report is limited to estimates of the

passive smoking-related healthcare costs of children aged up to 16. In addition,
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an estimate is made of two of the lifetime impacts which may occur from the

increased smoking uptake of children exposed to smoking in the home. The costs

are expressed as present value sums – the cost in today’s terms, after a discount

rate of 3.5% had been applied to future costs.

In this chapter, we thus provide conservative estimates, both of the costs of

treating this burden of disease, and of those arising from smoking uptake due to

exposure to family smoking, using the estimates derived in chapters 5 and 6. All

of these costs are direct and for the most part, relatively immediate consequences

of passive smoking, and are thus almost completely avoidable. The methods and

estimates used are now explained in detail.

7.2 Costs in primary care

The costs of primary care consultations for childhood disease caused by passive

smoking are calculated by applying the cost of a GP consultation (taken for UK

national estimates)1 to the number of consultations attributable to passive smok-

ing estimated in Table 5.2. A unit cost of £30 per consultation is used, which

includes the full cost of GP consultations, taking into account practice overheads

and staffing costs. The costs of primary care contacts arising from disease caused

by passive smoking estimated by this approach are shown in Table 7.1, and come

to a total of approximately £9.1 million. The major components of these costs

are the treatment of middle ear infections (53% of total cost) and asthma and

wheezing (39% of total cost). 
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Table 7.1 Cost at 2007 prices of primary care consultations for diseases in children
caused by passive smoking in the home.

UK 
consultations 

Age range attributable Cost of 
Disease in years to smoking consultations

Lower respiratory infections ≤2 26,000 £780,000

Middle ear infections 0–16 160,200 £4,806,000

Wheeze ≤2 10,300 £309,000

Asthma 3–4 7,600 £228,000

Asthma 5–16 99,000 £2,970,000

Meningitis 0–16 800 £24,000

Total 303,900 £9,117,000

© Royal College of Physicians 2010. All rights reserved.



However, such primary care contacts generate other NHS expenditure. The

cost of providing the drugs and medical devices for asthma prescribed as part of

primary care interventions represents a significant expenditure for the NHS. In

2000, the National Institute for Health and Clinical Excellence (NICE) estimated

the total drugs budget for the treatment of asthma in England and Wales to be

£8 million,2 which, using the hospital and community health service (HCHS)

inflation index, translates into £10.25 million at 2006/7 prices.8 NICE guidance

also estimates that 9% of males and 6% of females under the age of 5 (a total of

238,770 children) are prescribed drugs for the treatment of asthma.9 We can thus

estimate a cost of around £43 for each child under 5 presenting with asthma or

wheezing. Assuming that this approximate unit cost also applies to those aged

between 5 and 16, then the 15,400 new cases of asthma presenting in primary care

each year (Table 5.2) will generate a medication cost of £0.7 million per annum.

Another way of calculating these costs is to estimate the total cost per child from

diagnosis. For medications prescribed throughout childhood to the age of 16, the

total cost is £538 per child (discounted at 3.5%). Using the age-banded incidence

data presented in Table 5.2, and assuming for simplicity that new cases are diag-

nosed at an average of 3 years (1,700 cases) or 10 years of age (13,700 cases), we

estimate a total cost of £4 million (discounted at 3.5%) for the provision of asthma

drugs from age of diagnosis to 16 years of age. 

The total primary care cost estimate per annum, which does not include equiv-

alent treatment costs for other diseases caused by passive smoking, thus comes to

approximately £9.8 million. A small proportion of the drugs budget will be

accounted for in the reference costs which we use below to estimate the cost

of inpatient treatment for asthma. We have therefore deducted the estimated cost

of drugs consumed by these children receiving a hospital admission, to derive

a revised total cost of primary care visits and asthma drugs of approximately

£9.7 million per year.

7.3 Hospital costs

Costs for hospital admissions are available as a weighted average of elective and

non-elective inpatient admissions taken from NHS Reference Costs.3 These are

the costs derived from estimates of the resources needed to provide the specific

packages of care, called healthcare resource groups, in the English NHS. Costs

for admissions for the diseases listed in Table 5.3, in the 2006/7 financial year,

are given in Table 7.2, with a weighted estimates unit cost combining the

different healthcare resource group components which make up each diagnostic

code. Table 7.3 shows the total inpatient unit costs arising from the numbers of
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admissions attributable to smoking, by diagnosis, from Table 5.3. Multiplying

the unit costs by the numbers of cases attributable to passive smoking, an esti-

mate is made of £12.1 million per annum in hospital admissions in England, or

£13.6 million for the whole of the UK, of which approximately 74% arises from

the treatment of middle ear and lower respiratory infections.
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Table 7.2 Costs of inpatient admissions for childhood disease, 2006/07.

Weighted 
average of 
elective and Weighted 

HRG4 non-elective average per 
code inpatient diagnosis

DZ22A Unspecified acute lower respiratory £2,185
infection with major complications

DZ22B Unspecified acute lower respiratory £1,175 £1,350
infection with complications

DZ22C Unspecified acute lower respiratory £739
infection without complications

CZ09U Intermediate ear procedures 18 years £1,794 £1,794
and under

A25a Nervous system infections £2,347 £2,347

PA12Z Asthma or wheezing £1,071 £1,071

Source: Department of Health.8

HRG = Health Resource Groups.
a HRG3.5

Table 7.3 Cost of hospital admissions in children aged 0–14 in England in 2005/06,
at 2006/07 prices, from specified diseases attributable to passive smoke exposure.

Admissions
Age attributable Cost of 
group to smoking admissions

Lower respiratory infections ≤2 3,361 £4,537,350

Middle ear infections 0–14 2,517 £4,515,498

Wheeze ≤2 938 £1,004,598

Asthma 3–4 236 £252,756

5–14 1,211 £1,296,981

Meningitis 0–14 231 £542,157

Total 8,494 £12,149,340



7.4 Costs of uptake of smoking

7.4.1 Healthcare costs

In Chapter 6, we estimated that around 23,000 children and young people take up

smoking in England and Wales as a result of exposure to smoking by family mem-

bers in the home. In 2006, applying age-specific smoking rates to the UK popula-

tion, there were an estimated 5,629,332 male smokers and 5,119,071 female

smokers. Table 7.4 shows the costs of treating smoking-related disease as esti-

mated by Allender et al 4 for the UK, by disease area. Dividing these costs by the

total of 10,748,403 smokers in the UK and summing them across disease areas

generates a total of £496 per smoker. Assuming that half of these smokers con-

tinue to smoke for most of their lives,4 then multiplying the per smoker cost by

the estimated 11,500 sustained smokers that result from exposure to smoking in

the home, yields a conservative estimate of £5.7 million per annum in annual

excess treatment costs. Equivalent costs based on the Callum estimates, derived

for smokers in England,3 are £292 per smoker, or £3.6 million per annum in

excess treatment costs. However, it should be noted that these are simple point

estimates, and that the great majority of these costs will be incurred well into the

future. For the sustained smokers, the total excess healthcare treatment costs over

the following 60 years are respectively an estimated £77 million, or £48 million

when discounted at 3.5%, assuming an uptake of smoking by age 16. 

7.4.2 Workplace costs

Lifetime productivity costs in the workplace are also calculated from literature-

based estimates by multiplying a cost per employee per annum by the potential
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Table 7.4 Cost of smoking attributable disease (adapted from Allender et al ).4

2006/07 Cost per
Total smoking attributable costs UK (million) smoker

Trachea/bronchus/lung cancer £276.30 £25.70

Other cancers £370.90 £34.51

Cardiovascular disease £2,588.20 £240.80

COPD £1,440.90 £134.06

Other cancers £650.10 £60.49

Total £495.56

COPD = Chronic obstructive pulmonary disease.
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years worked over a lifetime, and discounting future costs at 3.5%, following

the guidance of NICE.5 A simple estimate of the workplace costs can also be

constructed for these 23,000 smokers. Parrott et al ’s 1998 estimate of a cost of

£450 million imposed on workplaces by smokers in Scotland was based on a

working population of 1,948,000. Inflating this cost to 2006/7 prices gives a total

of £653 million, and, dividing by the working population, a cost of £335 per

smoker per annum is derived. In August 2009, approximately 73% of people of

working age in the UK were employed. This translates to around 16,800 smokers

being employed, who would therefore impose an estimated £5.6 million per

annum on the economy as a result of smoking-related absence from work and

smoking breaks, based on the costs calculated for Scotland as outlined above.

Over a 40-year working career, these costs escalate to £225 million before dis-

counting is applied, or £72 million discounted over the period of the working

career, at 3.5% per annum. If we assume that half of these smokers have quit by

the age of 40, the total discounted productivity cost is approximately £63 million. 

7.5 Summary

H The effects of passive smoking in the home on children have a far-reaching

economic impact over and above the more often reported effects on child

health.

H A conservative estimate is made of £9.7 million per annum in UK primary

care visits and asthma treatment costs, and £12.1 million per annum in

hospital admissions in England, or approximately £13.6 million for the UK.

H The discounted cost of providing asthma drugs for children who develop

asthma each year as a result of passive smoking up until the age of 16 in the

UK is approximately £4 million.

H The future treatment costs of smokers who take up smoking as a

consequence of exposure to parental smoking could be as high as

£5.7 million per annum, or £48 million over 60 years, when discounted at

3.5% per annum. 

H These smokers may also impose an annual cost of £5.6 million in terms of

lost productivity due to smoking-related absence and smoking breaks in

the workplace, which translates to £72 million over their working careers

when discounted at 3.5% per annum.

H These significant economic costs are all avoidable.

H Interventions to reduce passive smoking thus have the potential to make

cost savings to the NHS and in the workplace, as well as improving the

health of children.
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8.1 Introduction

Successful implementation of all legislation depends to some degree on the extent

to which it is supported by the public, and this is especially true of laws that apply

to private or individual behaviour. Before smoke-free legislation was imple-

mented in each of the UK jurisdictions, and in Ireland and elsewhere, concerns

were expressed that the public would not support the law, and that widespread

compliance would be difficult to achieve. However, in the event, public opinion in

the UK has been predominantly supportive of measures to restrict smoking in

public and in workplaces. Furthermore, as has been the case elsewhere, that sup-

port has increased progressively in the periods before and after legislation.1–4

A combination of public support with effective policing and, where necessary,

prosecution of high-profile breaches of the legislation in the early days after

implementation, has resulted in very high and sustained compliance with smoke-

free legislation across the UK.

However, although legislation has proved to be a highly effective means of

preventing passive smoke exposure in public and workplaces, it does not cur-

rently extend into the family home or other private spaces where most exposure

of children to passive smoke occurs. Although legislating to prohibit smoking in

these private places is possible, policing and enforcing such legislation effectively

8 Public opinion on smoke-free policy 
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would be very difficult, if not impossible. Widespread reduction of the preva-

lence of smoking in the home will therefore only occur as a result of households

making their homes smoke-free. This is unlikely to occur without equally

widespread public understanding of, and support for, the need to protect chil-

dren and other household members from passive smoke, particularly among

smokers themselves. In this chapter, we examine public opinion on a range of

aspects of existing smoke-free policy, and attempt to gauge support for further

measures to prevent passive smoke exposure in UK homes. The data presented

are from a number of sources, particularly a series of opinion surveys commis-

sioned at various times by Action on Smoking and Health (ASH) and partners,

to track public opinion on multiple occasions before and since smoke-free legis-

lation. Sample sizes for these surveys varied, but involved a nationally representa-

tive sample of, at a minimum, 1,100 adults for surveys in England, and 3,300 for

studies across Great Britain. The most recent poll, carried out by YouGov in

March 2009, was an online survey of 13,000 adults in a sample weighted to be

representative of adults in Great Britain aged 18 and over.

8.2 Support for smoke-free legislation

Smoke-free public places are popular. Before and after the smoke-free legislation in

England, nearly 80% of the population, and over 90% of non-smokers, supported

legislation banning smoking in most public places and workplaces (Fig 8.1). The
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Fig 8.1 Support for smoke-free legislation applying to public and workplaces in
England, 2007 and 2009.
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improved quality of indoor air was recognised quickly: one month after the English

legislation came into force, 74% of respondents reported pubs and restaurants to be

more pleasant. This was accompanied by a widespread belief that the law banning

smoking in the workplace was good for the health of workers (Fig 8.2), health in

general, and respondents’ own health.

In England, support for smoke-free public places among adults rose substan-

tially while the legislation was being considered by parliament. By December

2005, 2 months before the crucial parliamentary vote, two-thirds of adults already

supported legislation to make pubs and bars smoke-free. By April 2007, 3 months

before the legislation came into force, support had risen to 72%, and 2 years later

had risen so that almost four out of five (79%) adults supported the new law

(Fig 8.3). In Scotland, similar legislation was introduced a year earlier, and by

March 2009 support for the legislation reached 82%, slightly ahead of England.

8.3 Perceived exposure to passive smoke

The proportion of adult non-smokers in England reporting any exposure to pas-

sive smoke at home, at work, or both has remained relatively constant, at about

25%, over the period during which the legislation was introduced. However,

within a few weeks of the legislation (August 2007), 41% of non-smokers

reported being exposed a great deal less, and a further 17% a little less, than
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Fig 8.2 Percentage of adults in England agreeing that the law banning smoking in the
workplace is good for the health of most workers.
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before legislation. By 2008, 73% of those who reported being exposed to passive

smoke said that their overall exposure was less than before the legislation. These

data provide evidence against the hypothesis that smoke-free legislation would

displace the problem of passive smoke into the home, since only 6% of those

non-smokers reporting passive smoke exposure in the home reported being

more exposed after the legislation.

Perceived improvements in quality of indoor air in pubs, bars and restaurants

were much more immediate. Within a month of legislation, 74% of English adults

agreed that ‘pubs, bars and restaurants are more pleasant places since they went

smoke-free’. By February 2008, those agreeing with the statement outnumbered

those who disagreed by a factor of ten (79% agreed, 8% disagreed). 

8.4 Perceived health benefits of smoke-free places

There is a strong and growing view among the British public that smoke-free legis-

lation is good for employees’ health. In August 2007, 84% of English adults

thought that smoke-free legislation was good for most workers’ health. This rose
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Fig 8.3 Percentage of adults in England who would support a law to make all pubs and
bars smoke-free in public opinion surveys between 2004 and 2008. Mori = Ipsos Mori
survey; YouGov = YouGov survey.
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to 89% in 2009, when only 3% disagreed with this statement. Furthermore, 83% of

adults now believe that banning smoking in the workplace has been a benefit to

the health of the public, and 79% agree that it has been good for their own health,

including 59% who strongly agree. Only 2% strongly disagree. This is under-

pinned by a growing understanding of the harm that passive smoking causes. For

example, in August 2007, 71% believed that passive smoking contributed to the

onset of asthma in childhood, compared to 76% in February 2008, while the belief

that passive smoking contributed to adult onset asthma rose from 65% to 71%.

8.5 Attitudes among smokers

After smoke-free legislation in New Zealand, one of the most notable shifts in

public opinion was among smokers who came increasingly to support the right

of bar workers to work in a smoke-free environment.3 Much of the increase in

support for smoke-free legislation in England has come from smokers. Support

among daily smokers rose from 34% in April 2007 to 41% by 2009, and non-

daily smokers’ support increased from 59% in 2007 to 69% in 2009. There was

also a rapid rise, between August 2007 and February 2009, among this group in

the belief that banning smoking in the workplace was good for the health of most

workers (rising from 57% to 68%), the general public (from 45% to 55%) and

themselves (39% to 46%).

8.6 Perceived harms of passive smoke

As the general public perception of the benefits of smoke-free places has increased,

so too has the perception of the harm caused by passive smoke exposure, particu-

larly to children. In 2005, in a tracking survey of Department of Health Tobacco

Education Campaigns, 28% of respondents reported that passive smoking was a

risk to children’s health. In 2009, in the YouGov survey, 88% of English adults

reported that passive smoke exposure had an impact on child health (including

54% who believed it had a big impact) and 85% believed it had an impact on adult

health (including 45% who believed it had a big impact) (Fig 8.4).

In YouGov surveys in 2007, 2008 and 2009, respondents were asked specifically

about the impact passive smoke had on heart attacks and sudden infant death syn-

drome. In both cases, there has been an increasing perception of the harm from

passive smoking. By 2009, 56% of adults in England believed that passive smoking

increased the risk of sudden infant death (Fig 8.5), while 14% believed it had little

or no impact. However, whilst it is encouraging that, in 2009, parents of children

under the age of 18 were most likely to perceive a role for passive smoke on the risk
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of sudden infant death (70% believed there was an impact, including 39% who

believed there was a big impact), it is a cause for concern that daily smokers were

the least likely to report perceiving this effect (35%).

The effect of passive smoking on the risk of heart attacks was even more

widely perceived. By 2009, 76% of adults in England believed that passive smoke

contributes to the risk of a heart attack, an increase of 10% since 2007 (Fig 8.6).

The group most aware of the risk appears to be non-smokers who are exposed to
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Fig 8.4 Percentage of adults in England perceiving an impact of passive smoke on
general and specific health.
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Fig 8.5 Percentage of adults in England perceiving an impact of passive smoking on
the risk of sudden infant death syndrome.
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passive smoke both at home and at work, 42% of whom believe passive smoking

has a big impact. Again, however, daily smokers seem least aware of the risk, with

only 13% believing that there is a big impact. Smoking status is strongly associ-

ated with the perception of a smoker’s risk to others. In the case of heart attacks,

the perception that there is a high impact on the risk of a heart attack rises from

13% in daily smokers to 23% in occasional smokers, 34% in ex-smokers, and

40% in never-smokers.

8.7 New social norms

This changing perception of risk is changing the rules by which people live their

lives. The Smoking Related Behaviour and Attitudes Survey5 added a new ques-

tion in 2006 about the extent to which smoking was allowed inside respondents’

homes. The question was repeated in 2007, and again in 2008, when around two-

thirds (67%) said that smoking was not allowed at all in their home, an increase

of 6 percentage points since 2006 (Fig 8.7). One-fifth (21%) said that it was

allowed in some rooms or at some times, and only 12% said it was allowed every-

where. The trend towards smoke-free homes continued into 2008, and data from

the 2009 YouGov survey suggest a further increase, with 78% of adults in England

not allowing smoking indoors and 47% prohibiting smoking in outside areas

such as gardens or balconies. Only 8% allowed smoking everywhere. Among par-

ents with children under the age of 18 in 2009, 83% reported that they required

their homes to be smoke-free and only 5% permitted smoking throughout the

home. Rules governing smoking in the home were strongly associated with smok-
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Fig 8.6 Percentage of adults in England perceiving an impact of passive smoking on
the risk of heart attacks.
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ing status, though 41% of all daily smokers, and 70% of all non-daily smokers,

reported that smoking was prohibited inside their home.

These findings provide further evidence to that presented in Chapter 2, that

the number of smoke-free households is increasing in the UK, and that the

smoke-free legislation may have encouraged this. However, the specific impact of

smoke-free legislation is hard to establish, since in England the proportion of

homes allowing smoking indoors was falling as fast before legislation as in Ire-

land after legislation, and a study in Scotland6 found few smokers who said that

smoke-free legislation influenced their smoking in the home, and none who said

it influenced how they restricted smoking in their homes. The Scottish study

found that a sense of being ‘a hospitable person’ and ‘a caring parent or grand-

parent’ were more important determinants of policy on smoking in the home.

However, many smokers who were ambivalent about the harm from passive

smoking smoke were, nonetheless, reluctant to expose their children and grand-

children, partly out of fear of the children becoming smokers.

8.8 Opinions on smoking outdoors and in vehicles

Laws to protect people from passive smoking are based on well-established and

robust evidence of direct physical harm,1 but the evidence that harm arises from

typical levels of exposure arising from smoking outdoors is less powerful.7 The

main arguments for outdoor smoking prohibition are to prevent drift of smoking
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Fig 8.7 Percentage of adults in Great Britain reporting that their homes are smoke-free.
Subtotals rounded to nearest 1%.
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into adjacent buildings, to avoid (for example) visitors to a building having to walk

through a crowd of smokers to enter a building, and to avoid the demonstration of

adult smoking role models to children. However, the need to protect children is

widely recognised by smokers and non-smokers, and is sufficient enough to attract

majority public support in many jurisdictions for the prohibition of smoking in

outdoor areas where there are children.8 Data from the 2009 YouGov survey in

England reinforce this, with particularly strong support from non-smokers and

from parents with a child aged under 18. Even among daily smokers, only 46%

agree or strongly agree that smoking should be permitted in all outdoor spaces

regardless of the presence of children (Fig 8.8), and of all adults, 76% support the

prohibition of smoking in children’s outdoor play areas.

Even before the legislation came into force in England, there was evidence that

most adults felt the proposed legislation did not go far enough. A Populus survey

for the BBC Daily Politics Show in 2007 found that 91% of adults felt there

should be a ban on smoking in front of children, a view held most strongly by

those in manual occupational groups, and 62% felt there should be a ban on

smoking while driving a car. Indeed, there was already substantial support (45%)

for banning smoking in some outdoor spaces. On smoking in cars, the 2009

YouGov survey demonstrates majority support among adults for prohibition,

though most smokers would oppose this (Fig 8.9).
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Fig 8.8 ‘Smoking should be permitted in all outdoor spaces regardless of the presence
of children’: opinions among adults in England. Subtotals rounded to nearest 1%.
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Although smoking by performers during a live performance has a partial

exemption in England, 52% of respondents to our 2009 YouGov survey believe

that all on-stage smoking during indoor performances should be banned, while

only 24% disagree. In England, the Football Association resolved uncertainty

about which parts of a football stadium are covered by the law by banning smok-

ing throughout all stadia. Although this policy does not apply to non-league

grounds or other sports, in the 2009 YouGov survey, 57% of adults in England

agreed that smoking should be banned at all sports grounds and 49% of adults

believed that smoking should be banned at outdoor concerts (30% disagree).

The exemption for smoking in prisons attracts little public support, with 59%

supporting an outright ban on smoking in the enclosed areas of prisons, and

only 15% disagreeing.

An international literature review of 15 studies of public attitudes to laws for

smoke-free private vehicles found high levels of support, including among smok-

ers.9 Support for a ban on smoking in cars exemplifies the widespread desire to

protect non-smokers, especially children, and the gap between the attitudes of

smokers and non-smokers. Voluntary restrictions on smoking in private cars are

widespread: 70% of respondents in the 2009 YouGov survey reported that smok-

ing was completely prohibited in the vehicle they usually travelled in, and only

8% said that people could smoke in their vehicle at any time. Despite this, cars are

a significant setting for passive smoke exposure, with 26% of adult non-smokers
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Fig 8.9 ‘Smoking should be banned in all cars’: opinions among adults in England.
Subtotals rounded to nearest 1%.
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often or sometimes exposed there. This is especially true of younger adults (37%

of 18- to 24-year-olds), and of adults from lower socio-economic groups (31% of

those in socio-economic groups C2DE). Proposals for restrictions attract consid-

erable support: 76% (including 54% of daily smokers) support a ban on smoking

in cars carrying children under the age of 18. Fifty-six per cent support a ban

on smoking in cars carrying any passenger, and this rises with age from 45% of

18- to-24-year-olds to 63% of adults over 55. 

8.9 Where the smoke still lingers 

Of the 10,895 respondents in England to the 2009 YouGov survey, 78% were

non-smokers. Of these, 11% were exposed to passive smoke in the home, 11% at

work, and 3% both at work and in the home. Although the numbers with dual

exposure were too few for further detailed analysis, the groups exposed only at

work and those exposed only in the home were different in many ways. Both

groups were younger and more likely to be from lower socio-economic groups

than those not exposed. However, those exposed at work tended to be male, were

less likely to live with a smoker, and expressed consistently negative attitudes

towards passive smoke exposure. They were particularly supportive of smoke-

free legislation (87%), and had a higher than average perception of the harm

from passive smoke to adults and children. Perhaps reflecting their own experi-

ence and strong beliefs about the harm from smoking, this group believed more

strongly than others that the government is not doing enough to limit the harm

from smoking. In contrast, those exposed in the home were more likely to be ex-

smokers themselves, tended to be sympathetic to smokers, and were generally

more sceptical about the benefits of smoke-free legislation.

Although the question was not asked directly in this survey, exposure to smoke

at work may be associated with exposure in vehicles which are supposed to be

smoke-free. Non-smokers passively exposed to smoke at work were more likely

than other non-smokers also to be exposed to smoke in vehicles. There was a mis-

match between these non-smokers reporting that smoking is prohibited in the

vehicle that they use most often (79%) and their report that they are exposed to

smoke in vehicles (45%). It may be, therefore, that work vehicles are a common

site for workplace passive exposure to smoke. Unfortunately, the survey does not

tell specifically whether the vehicle in question was a work vehicle (covered by

England’s smoke-free law) or not, and this warrants further investigation.

Of those only exposed to smoke at work, 90% lived in homes where smoking

indoors is prohibited. Interestingly, this is also true of almost half (47%) of

adults exposed to passive smoke in the home, so it would seem that this group is
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either exposed to smoke that enters their home from outside, or that the rules

prohibiting smoking in their homes are frequently breached.

8.10 Children’s opinions on smoke-free policy

In August 2009, Populus surveyed 1,009 children in England aged 8 to 13 about

their experience of and attitudes towards smoking and passive smoke. Awareness

of the harm from passive smoking was high, and rose from 83% of 8-year-olds to

90% of 13-year-olds believing that people smoking around them damages their

health. Awareness of the risk of exposure in cars was especially high, with 92%

believing that parents smoking around children in the car is damaging to a

child’s health.

Children were most aware of the risk of lung cancer (76%), chest infections

(56%) and asthma (53%). By contrast, they regarded the benefits of being

brought up in a smoke-free environment as being better health for the whole

family (84%), a more pleasant living environment (71%) and more money to

spend on family activities (69%).

Of those whose mother or father smoked, 51% reported that their parent or

parents smoked in the home, and 35% that they smoke in the car while the child

is a passenger. Of children whose parents smoke in the car, 73% wished that they

didn’t, and 76% said that they were worried that their parents smoking in the car

would damage their (the child’s) health.

8.11 Summary

H Public support for smoke-free legislation is high and has increased

substantially, among both smokers and non-smokers, since smoke-free

legislation was introduced.

H Most of those exposed to passive smoke at work report that they are

exposed less since the legislation was introduced, but a quarter of the

population still report exposure either in the home or at work.

H A large majority of the population believe that passive smoking is harmful,

and that banning smoking in public places has been good for the public

health.

H A majority of people now prohibit smoking in their homes and vehicles.

H The majority of people believe that smoke-free legislation should extend

further, to prohibit smoking in front of children, in cars, and in some other

public areas including those where smokers congregate outside buildings. 
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H One in eight non-smokers, predominantly younger males of lower socio-

economic status, still experience passive smoke exposure at work, albeit at

much lower levels than before legislation. Much of this exposure may be

occurring in work vehicles. This group in particular believes that the

government is not doing enough to limit the harm from smoking.

H Over 80% of children are aware that passive smoking is harmful.

H Half of children with a parent who smokes report passive exposure in the

home, and one-third report exposure in cars.
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9.1 Introduction
9.2 Protecting children from smoking
9.3   Preventing smoking among children
9.4 Controlling smoking within the home
9.5 Special cases: looked-after children, foster carers and potential

adoptive parents
9.6 Children in their home 
9.7 Children outside the home
9.8 Summary   

9.1 Introduction

The central ethical focus of public health policy on tobacco smoking is the pre-

vention of harm, particularly for the vulnerable. Smoking is harmful in its direct

effects on the health of smokers, ex-smokers and future smokers, and its high

level of addictiveness greatly enhances its ability to cause harm. Passive smoking

also harms non-smokers.

Some libertarian advocates argue that competent adults may voluntarily

assume the risks of smoking when they smoke, provided that they are adequately

informed. This approach has obvious limits. First, it does not take full account of

the addictive nature of smoking and tobacco consumption, the high levels of

regret smokers express about starting smoking, and the frequent desire to quit

among smokers. Second, it assumes that the decision to smoke is made freely and

competently, by adults. It overlooks the way in which smoking is usually initiated

and addiction established in childhood, as a teenager or sometimes even

younger, when decision-making competence is incomplete and children’s under-

standing of the degree and implications of the hazards from smoking are poor.

Third, a policy of tolerance toward smoking on the basis that the smoker is mak-

ing an informed choice often does not apply to the non-smoker exposed pas-

sively to smoke. The person thus exposed may not be given much choice in the

matter (or any choice in the case of infants and young children), may consent but

without knowing the full facts about the risks, or may actively object but lack
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control over the situation. Moreover, although most adults understand the haz-

ards posed by passive smoking and smoking behaviour, and in particular those to

babies and children, a significant proportion do not. For this reason, state regula-

tion in the form of smoke-free legislation, regulations and by-laws is important,

and has had considerable success in the UK and worldwide. Limitation of smok-

ers’ liberty to smoke in order to prevent non-consensual harm to others has

widespread public support, even among smokers. The ethical and moral argu-

ments for smoke-free legislation were set out in the Royal College of Physicians’

report, Going smoke-free, in 2005.1

9.2 Protecting children from smoking

Given that the focus of public health policy is on prevention of harm, particu-

larly where the people harmed have not consented or cannot consent to that

harm, an obvious concern must be with the protection of children. Children

develop their competence and ability to exercise their consent only gradually as

they mature to adulthood, and the health risks from active and passive smoking

and their implications may be poorly understood. In addition, the health effects

of active and passive smoking on children are serious, the susceptibility of chil-

dren to addiction and harm from both active and passive smoking may be

greater, and children may also be psychologically impressionable and socially

vulnerable. All of these reasons provide a robust foundation for tight regulation

of minors’ exposure and access to tobacco products, and protection of children

from passive smoke exposure, and these considerations have been expressed in

public policy for many years. Sale of tobacco products to children aged under 16

has been banned in the UK since the 1908 Children Act, and even before the gen-

eral ban on advertising tobacco products, a consensus held that advertising

tobacco products to children, or in ways children might find interesting or

attractive, was unacceptable. However, perhaps the strongest influence on chil-

dren taking up smoking is more or less entirely unregulated: the smoking

behaviours of adults and peers around them. As noted in Chapter 6, children are

significantly more likely to become smokers themselves if their parents or sib-

lings smoke, and the same is likely to be true, to some extent, where other signifi-

cant role models in children’s lives smoke.2 Policies designed to reduce smoking

by role models in general, and specifically to prevent smoking in places or situa-

tions where children accompany or are in the presence of role models, would

have a significant effect on this kind of ‘advertising’.

Policies designed to limit exposure of adults to passive smoke protect children

who are in the same contexts (for example, workplaces and other public build-
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ings), and also reduce exposure of children to smoking behaviour among adults

and peers. Concerns were expressed before the implementation of smoke-free

legislation in the UK and elsewhere, that smoke-free policies may have an

adverse impact on children by displacing smoking from public places (which

may have rather few children, such as pubs and factories) to private areas, such as

homes, where children are both more likely to be found and are less likely to be

able to avoid smoke. However, this does not appear to be a significant problem in

practice (see Chapters 2 and 8). On the contrary, the evidence suggests that

smoke-free policies in private settings increase, and passive smoke exposure

decreases, after the introduction of smoke-free legislation.  

We have three reasons to focus on protecting children:

(1) to protect children from the harms arising from passive smoking

(2) to discourage children from experimenting with smoking, and hence

becoming habitual smokers, by preventing exposure to smoking

behaviour and role models

(3) to prevent unintended consequences of public places and other smoke-

free policies, such as displacement of passive smoke exposure from

public places to the home.

Many of the measures designed to protect children from others’ smoke, or to

prevent or discourage smoking by children, also have a discouraging effect on

adult smokers themselves. This is not a primary goal of children’s tobacco policy,

although it may be welcome. It is important to keep these objectives clear, and

when evaluating the merits of a policy, to assess it in the light of the relevant

objective. It is also important to note that these are ethical justifications for inter-

vention. In practice, the first two points are much more significant than the

third, as there is little evidence for displacement of smoking from public to

private places.

9.3 Preventing smoking among children

Traditional approaches here are well established and present no particular ethical

challenges. Methods include prohibiting sale of tobacco products to under-18s;

prohibiting advertising and other promotion of tobacco products; regulating

tobacco packaging; prohibiting or regulating display of tobacco products in shops;

increasing the price of tobacco products; prohibiting tobacco vending machines;

prohibiting sales of single cigarettes or packets of small numbers of cigarettes;

smoke-free policies in public places; health promotion campaigns; and all other

standard aspects of tobacco control policy.3 While many of these strategies are not

specific to children, they all limit access by children to tobacco products, and
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restrictions on promotion and advertising help to prevent tobacco products from

appearing glamorous and attractive. This is particularly the case when control of

tobacco product packaging, point-of-sale, and advertising takes place against a

backdrop of health education messages about the health-related dangers of smok-

ing to children and adults. Adult smokers and retailers may question whether

these measures are proportionate. It is clear that they are. They pose no signifi-

cant limitation on adults’ abilities to purchase tobacco products, or on retailers’

ability to sell them. They may limit retailers’ ability to promote sales of tobacco

products, and they clearly limit manufacturers’ ability to market their products,

to attempt to differentiate them from each other, and to compete through differ-

entiation and marketing at point-of-sale. But while liberty of consumption has

some ethical significance, liberty to promote does not. Much more importantly,

controlling point-of-sale marketing and access constrains children’s ability to

access products which it is unlawful to sell them. It also limits their exposure to

positive images associated with tobacco products. Children are susceptible to such

images. They may know about the harms of smoking, but positive images and

attitudes may dominate their thinking about tobacco, given that children are

more likely to discount future health problems against present gratification; more

likely to dismiss the likelihood of becoming addicted; more likely to underesti-

mate the difficulty of overcoming addiction; and are somewhat more likely to dis-

trust ‘authority’ and authoritative advice such as health education messages, and

to be attracted to behaviours and role models seen as anti-authority or ‘cool’.

Thus, a dual strategy of promoting positive messages about not smoking, and

limiting exposure to positive messages about smoking, is required.

More recently, we have seen attempts to use the criminal law to punish people

who supply cigarettes to underage smokers. A notable example was the reported

case of a man jailed for 18 months in the UK in October 2009, for ‘causing unnec-

essary suffering or injury to health’ when he gave a 3-year-old child a cigarette to

smoke, and then persuaded a 14-year-old to film her doing so with a mobile

phone.4 The offence for which he was charged was not clear from media report-

ing, but is likely to be that contained in the 1933 Children and Young People’s Act

of cruelty to children by causing the child to be assaulted, ill-treated, neglected,

abandoned or exposed, in a manner likely to cause the child unnecessary suffering

or injury to health. This legislation also allows police officers and park keepers in

uniform to seize and destroy tobacco products from any person ‘under the age of

16 years’ who is found smoking in a public place. The Act has been modified in

these provisions, most recently by the Children and Young Persons (Protection

from Tobacco) Act 1991, but these sections of the 1933 Act remain in force.

Whilst it is common for local government officials and Her Majesty’s Revenue
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and Customs to take enforcement actions against retailers and smugglers, this

case illustrates a strategy in which smoking prevention is taken out of the public

arena and into private life. Whatever the legal and criminal justice merits of this

approach to controlling the behaviour of individuals, it raises a question of how

far the criminal law may reach into the home to protect children. We return to

this issue below. 

Aside from banning the sale and supply of cigarettes to children by retailers,

and minimising positive messages to children about smoking by control of pack-

aging and banning of tobacco advertising, what more can be done to discourage

children from taking up smoking? A fundamental principle of English law (and

international human rights law) relating to children is that the welfare of the

child must be paramount.5 Related to this is the importance of recognising that a

child’s right to develop into a competent and autonomous adult, such that chil-

dren’s rights to consent and decide – where they are competent to do so – must

be respected.6,7

The welfare of the child principle here would imply that there is no value in

criminalising children’s own smoking. No legal or ethical argument suggests this

as appropriate, although confiscation of tobacco products from under-16s is

permitted by legislation, as noted above. Historically, many parents and some

authorities (such as schools) have treated smoking by children as deserving pun-

ishment. Although pragmatically this may be sensible in an institutional context

concerned with children’s discipline and moral development, it would not be jus-

tifiable as general public policy. If children’s smoking is understood as imper-

fectly grounded in consent, because children lack the necessary capacity and

maturity to understand what smoking involves, this would make focusing on the

child’s own behaviour (rather than those of the adults around him or her) quite

unfair. Pragmatically, it would also be counterproductive. It suggests that an

approach to children’s smoking should – like any other area of children’s health

behaviour or discipline – be nuanced, and that there may be quite considerable

legitimate variation in how different parents, caregivers and children’s services

professionals approach it. This variation can be both with respect to the individ-

ual child and their personality and circumstances, and with respect to parenting

styles, local authority policies, and the evolving evidence base about what is

effective in changing and influencing children’s behaviour.

Recognition of the importance of children’s developing autonomy over the

course of their childhood means that care must be taken to ensure that the infor-

mation they receive about smoking is (as the Advertising Standards Agency slogan

phrased it) ‘legal, decent, honest, and truthful’. It should not mislead children

with suggestions of glamour or rebellion fallaciously associated with smoking.
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Corrective advertising and health education to overcome residual background

misinformation by the industry can be justified both on the grounds of accuracy

and of correcting misinformation. But is it possible, in focusing on discouraging

children from smoking, to go to the opposite extreme and cause harm, by trading

on fear, stigma, or other emotional content? The point is both ethical and prag-

matic: terrorising children into not smoking is not respectful of their ability to

learn and understand for themselves, and may not be successful in the long term

if that terror proves to be based on exaggerated or selective information. However,

this concern is exaggerated. Smoking is actually dangerous, to oneself and others,

and a degree of anxiety about its effects on oneself and others is justified and

rational. Strong messages about this are therefore reasonable and important.

Although there is a possibility of merely terrorising children (by using informa-

tion which is terrifying, but false, or exaggerated, or out of context), in reality

health education messages to children are valid both in terms of their truthfulness

and in conveying the harmfulness of smoking. The idea that anti-smoking mes-

sages are moralistic or terrorising is misleading. In contrast, industry’s marketing

of tobacco products takes no such care to be balanced, accurate, or informative

about the hazards (or the benefits they wish to emphasise).

Since formal tobacco advertising is now prohibited in the UK, exposure of

children to indirect forms of advertising, which normalise or glamourise smok-

ing by displaying smoking role models or other positive smoking imagery in film

or other media, is probably the major medium of promotion of tobacco products

to children. Heavy-handed attempts to deglamourise smoking by modifying such

images, for example by removing traces of cigarette smoking, come at the risk of

ridiculousness and historical inaccuracy. However, there is a line between histori-

cal accuracy of representation (smoking was more common in the past) and

exaggeration of its past importance or reinforcement of the equation between

stylishness, smoking, and glamour. The US television programme Mad Men8 is a

case in point, illustrating just how difficult it is to disentangle media images of

smoking and its significance. On the one hand, the characters are generally mis-

erable and drink to excess and smoke; on the other hand they are chic, well-

dressed, and drink to excess and smoke. Audiences draw their own conclusions.

Children’s interpretations may differ widely from those of their parents, and it is

far from clear what the appropriate public health response should be to this sort

of representation.

Another form of indirect communication to children about smoking is the

smoking habits of real people with whom children come into contact, particu-

larly family members and other adults involved in their social lives and their care.

Given that this role-modelling effect is important in influencing children’s
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uptake of smoking (see Chapter 6), a regulatory focus on restricting where

smoking is allowed on the grounds of direct health effects needs to be supple-

mented by guidance to important adult role models (teachers, play leaders,

sports coaches, youth leaders and so on) to restrict their own smoking behaviour

in the vicinity of or anywhere where they are visible to children. It may be possi-

ble to go further than guidance in two ways. One way would be to make it a

requirement of contracts for paid carers, teachers and so on, that they do not

smoke while on duty and in care of children. This would not apply easily, if at all,

to unpaid carers or parents acting as informal assistants. A stronger version of

this approach would be to criminalise smoking in a public place while in care of

children. This would have the virtue of generality, and have no obvious loop-

holes, but it would possibly be difficult to define what being ‘in care of children’

meant. The other strategy would be to focus attention on places where children

gather, even where these are not ‘public’ places, rather than focusing on who is

smoking and what their responsibilities are. We could make certain places

smoke-free even if children are not present, on the basis that they are places

where children generally congregate or pass through. This might include

entrances and exits to buildings, patios outside hospitality venues, sports venues,

parks, beaches, open air shopping centres, and perhaps private cars. We return to

this idea below.

9.4 Controlling smoking within the home

If protecting children from passive smoking were a paramount objective of public

policy, then on the face of it, prohibiting smoking in the home and around chil-

dren is an obvious and simple solution. This is because the home is the place

where children spend the most time, are least protected from passive smoking,

and – for children who live with smokers – it is the place where most exposure

occurs. In practice, however, compliance with laws restricting smoking in the

home would be limited, and the laws themselves would either be unenforceable,

or might be enforced in discriminatory or haphazard ways. Aside from a strongly

and widely held view that an English person’s home is his or her castle, Article 8

of the European Convention on Human Rights guarantees a right to private and

family life, which can only be interfered with where there is a necessity in a demo-

cratic society to do so.9 Granted, one ground of interference is ‘for the protection

of health’ and another is ‘for the protection of the rights and freedoms of others’.

But necessity is the key here: the interference must be legitimate and proportion-

ate to the aim pursued, and it must use the means ‘least restrictive’ of the liberties

and rights of the citizen. Child protection is a good example of where there is a
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legitimate public interest in breaching the security of the home in order to inter-

fere with private life quite legitimately. But child protection principles, although

they place the welfare of the child as paramount, reflect the need for children to

be able to live securely in their families, without undue interference, and recognis-

ing that formal court orders (up to and including removal from the family home

or detention of one or both parents or caregivers) may be counterproductive.

Nevertheless, there are contexts in which smoking regulation does reach

within the home, an example being where the ‘home’ is actually under public

authority control or supervision (as in a children’s home, prison, psychiatric

facility, or registered childminder’s home used as a place of work). Although

there are some limited exceptions, there is nevertheless a presumption that these

are public places first, and homes second. This is controversial, and the legality

and reasonableness of regulations governing long-stay psychiatric facilities have

been tested in England since the 2006 Health Act.10 The courts have upheld the

regulations so far. Some further contexts might be considered a grey area: for

instance, children’s parties. In the light of the recent change of policy by the

Office for Standards in Education, Children’s Services and Skills (Ofsted), such

that informal shared childcare arrangements between families without payment

do not require registration or inspection,11 it is clear that public policy is uncer-

tain as to how far it wants to cross the threshold of the home. Moreover, from the

points of view of effectiveness, practicality and proportionate intervention, it is

arguable that cultural change and peer pressure would be preferable to legal

enforcement of a rule banning smoking in the presence of children, even under

the special circumstances of a private party, never mind ordinary daily life.

There are specific circumstances in which society does cross the threshold of

the home, for example, when health professionals visit children in the home.

Pre-conception advice, assisted conception, antenatal care, community mid-

wifery services and health visiting all stress the importance of smoking cessation

to parents and others, promote smoke-free homes, and provide advice and sup-

port to achieve these. Here, the emphasis is on advice and support to the mother,

and to some extent the father or co-parent, given in a context in which broader

advice and support is given to promote maternal and child health. Although legal

action has been taken in some US states against women for drug use during

pregnancy, this approach has been widely criticised. In the UK, the emphasis is

on education and support for behaviour change, rather than on compulsion, and

not at all on punishment.

The emphasis in this approach is on advice, persuasion and support for fami-

lies, rather than on the use of formal methods of compulsion, or on placing the

children under the care and supervision of the courts either in the home or
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through removing the child from the home. The Children Act 1989 s.31(2)

requires the courts to consider first whether the child is suffering significant

harm, and second whether that harm is attributable to the care being given by

the parent not being what it would be reasonable to expect a parent to give.

Under s.1(5), the court must be satisfied that making an order concerning the

child’s care must be better for the child than obtaining no such order. It is, and is

likely to remain, unusual and controversial to use formal legal means either to

compel parents not to smoke near their children, or inside their own homes and

private vehicles in the interests of their children, or to remove children to a ‘place

of safety’ away from smoke exposure. This is because the welfare of children

must be considered in the round, and generally this is best served by keeping the

child within a stable home and family environment, and formal legal actions may

transgress the rights of the parents to a private family life. There may, however,

be a case for defining a threshold of smoke exposure over which the harm to chil-

dren is so significant that it is not outweighed by other considerations of parental

care and family life, as we have seen by analogy in some recent cases involv-

ing child protection powers being used to protect children from overeating.12,13

Similar ‘threshold’ arguments may apply in some other legal contexts, such as

divorce and residence hearings.

9.5 Special cases: looked-after children, foster carers and
potential adoptive parents

Much more important in terms of formal restrictions on smoking and parenting is

the policy relating to adoption and fostering by would-be adoptive or foster parents

who smoke. Here, the focus is not on removing a child from a family to protect him

or her from smoke, until such time as the smoking behaviour of concern changes,

or on using the possibility of removal of the child as part of a negotiation with the

child’s carers. Instead, it is on deciding whether a particular home is a suitable place

for a child to be placed for fostering or adoption. Although this affects a small

number of children, it has a more general significance. Approaches developed

in the care of ‘looked-after’ children might be a template for policy approaches to

protecting all children in their homes generally.

The British Association for Adoption and Fostering (BAAF) prepared a prac-

tice note in 2006 on ‘Reducing the risks of environmental tobacco smoke for

looked after children and their carers’, which has been adopted by local authori-

ties very widely across the UK as the basis of their policy on placement of chil-

dren with foster carers and adoptive families.14 Similarly, the Fostering Network

adopted a policy paper in 2007 on this topic.15 The emphasis in both papers is on
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presenting the evidence for harm caused by passive smoking in the home to chil-

dren (and non-smoking partners), and on the wider policy context relating to

smoke-free public places and to children’s health promotion. They also argue, as

does this report, that moderating smoking behaviour short of stopping smoking

inside the home altogether is ineffective. Finally, they relate the health risks of

smoking to more general safety considerations about keeping a home safe from

fire risks.

A simple ban on fostering or adopting children by smokers has been adopted in

some places.16 However, a less definitive position is taken by most local authorities

and agencies responsible for looked-after children. These have a duty to consider

the welfare of children under their care as paramount, and must take note of the

shortage of foster care and adoptive parents, and the difficulties experienced by

children and teenagers while in children’s homes and once they leave these homes.

In addition, the wishes and preferences of children themselves are a factor when

placing children with foster carers or adoptive parents.

A balanced policy in this area considers the best interests of children not in abso-

lute terms, but comparatively, in light of the available alternatives. There are two

obvious circumstances in which smoking behaviour on the part of a foster carer or

would-be adoptive parent would be decisive. First, where the child is young or at

particular risk of respiratory or other recognised health problems caused by passive

smoke exposure, there is a clear and strong reason not to expose that child to

smoke. The BAAF and the Fostering Network both advise that children under

5 years of age should not be placed with carers who smoke, and that children with

significant underlying health problems should not be placed with carers who are

ex-smokers until at least 12 months after smoking cessation (because of the risk of

relapse on the part of the ex-smoker before 12 months). This policy is clearly

grounded in the need to minimise a specific risk of significant and proximate harm

to the child. Second, the smoking behaviour of a would-be foster carer or adoptive

parent might act as a tie-breaker, where there are two or more alternative placement

possibilities for the child and no other factor determines which placement would be

best for the child.

Once a child has been placed with foster or adoptive parents, the emphasis of

both policy documents is on supporting parental cessation of smoking, minimis-

ing the impact of smoking practices on the health and environmental safety of

the child, and on health promotion for the child. In the health promotion con-

text, the key concerns raised by the BAAF and Fostering Network are that chil-

dren would get positive messages about smoking from their positive relationship

with their smoker foster carer or adoptive parent and, more concretely, that

smoking might play a role in the disciplining of the child. For example, in some
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homes, tobacco may be used as a reward or incentive for good behaviour. In

addition, what should a foster carer do about a teenager who smokes while in

their care, and how might smoking by the foster parent affect this process? While

there is a clear understanding that teenagers should not be smoking, and that

parental complicity in that would be highly problematic, there is also a need to

recognise that the children in question often have complex needs and behaviours

which require a mixture of clear boundaries and subtle parenting.

There are four relationships to be considered in the context of foster care and

adoption: the relationship between the child and their birth family (which is pre-

sumably disrupted in a significant way); that between the child and the public

body with a duty of care; that between the child and the foster carer or potential

adoptive parents; and that between the public body and the foster carer or poten-

tial adoptive parents. This last relationship is not a contractual one. Although the

public body has considerable negotiating power up to the point of adoption,

once a child has been adopted, ordinary child protection rules apply and the

local authority has no power to enforce any agreement reached with the parent

before adoption (on smoking cessation, for example). Where the relationship

between child and carer is one of fostering, there is much wider scope for local

authority management of that relationship, and one possibility would be for fos-

tering to be considered a public relationship. If we consider that the foster carer is

looking after a child on behalf of a public body, which discharges its duty of care

to the child through that foster placement, it is not implausible to say that the

home of the foster carer is analogous to a public place, and to extend the prohibi-

tion of smoking which already applies to home-based child-minding (and some

other homes which are workplaces) to foster carers’ homes.

The principal problems here are of enforcement of smoke-free policies in fos-

ter homes, and the wider issue of further limiting the supply of existing and

potential foster carers for vulnerable children. Discouraging otherwise caring

and law-abiding people from fostering, where there is already a shortage of foster

carers, is clearly not in the best interests of children. This explains the strategy

largely taken by councils and by the BAAF of discouraging smoking but stopping

short of prohibiting it among foster carers. Enforcement would be controlled by

principle of the welfare of the child: a social worker would be slow to seek to

remove a child from a foster carer’s home, where in all other respects a placement

was working well, if the carer was in breach of a smoking regulation. However, a

general cultural shift away from the acceptability of smoking, and a recognition

among foster carers and would-be adoptive parents that they have a special obli-

gation to protect the health and welfare of the vulnerable children in their care,

means that the same shift that we saw in smoking in public places (from being
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the norm, to being unacceptable, through voluntary regulation, to legally-backed

prohibition) may come to apply to the quasi-public space of the foster home.

This discussion of children who are ‘looked after’ by the state, or on behalf of

the state, considers a small minority of children and homes. What it illustrates is

of more general importance. First, it shows ways in which the law and the state

reach into the home of some children who are considered to be at risk for various

reasons. It shows how limited and delicate specific decisions about the state

response to parental smoking need to be, even when there is a presumption that

the state will act. Second, it highlights the evident inconsistency between what

the state can do when a child is ‘looked after’ and what it can do otherwise.

Parental smoking is bad for any child, but public authorities can currently inter-

vene only case-by-case, and when there is some other significant ground for

intervention. Yet once the authorities have intervened, smoking behaviour of

potential carers can become a determining factor in what happens next in the

child’s life, with long-term consequences. Having thus established these princi-

ples, similar consequences may flow from residence and contact decisions in

divorce, where one parent’s smoking might be involved as a relevant factor in

making orders or in negotiations between the parents. The crucial point is that

the law should try to be consistent for all children, with the welfare of the child

paramount, and with (actual or potential) parent or carer smoking being seen as

a factor in the child’s welfare.

9.6 Children in their home 

Once we concentrate on the home under ordinary circumstances, where there is

no question of it being a public place or place of work, or of the children being

under formal care or supervision arrangements administered by the courts or

local authorities, then the case for a legislative approach to preventing smoking

in the home becomes more difficult. It is clear that children have a right to

health, both in the sense that all human beings have such a right, and in terms of

their special rights under the UN Convention on the Rights of the Child. How-

ever, this right must be understood in light of the whole range of rights and wel-

fare considerations they have, and the often adverse impact formal intervention

may have, except in cases of obvious harm and abuse.17 We wish to protect chil-

dren from smoke and from incentives to take up smoking, but this needs to be

proportionate, effective, and reasonable in the context of the overall welfare of

the child. Some authors have made an analogy between exposing children to

smoke and child abuse.18 However, except in rare cases of intentional harm, this

seems an inappropriate analogy. Few parents, with knowledge of the harm that
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passive smoking does to their children, would voluntarily expose their children

to it. Most parents who smoke do seek to avoid exposing their children to do so,

however ineffectively, and few parents who smoke are happy for their children to

smoke, even when they are of legal age. The child abuse analogy provides a very

strong message to parents to think about the harm their smoking causes, in vari-

ous ways, and this should be evaluated as any other health promotion message is,

for its veracity and effectiveness, and its counter-effects.

In one context, there is clear reason to think that enforceable public powers

might be necessary. This is in connection with infants in the first few months of

life, when the risk of sudden infant death is real and serious. Involvement of

health visitors in the family home may give them reason to be concerned that a

baby is at risk because of parental smoking habits, and it would be possible to

involve local child protection teams if there were persistent smoking in the home,

and no attempts at persuasion to change smoking behaviour (even to move it

outside) succeeded. In such a case, application to the court for an order under

the Children Act might be considered. Similar steps could be taken even to pro-

tect an older child, if there is an underlying health condition, such as asthma,

such that smoking presents a real, immediate and serious threat to his or her

health. These powers already exist, and are used on health grounds from time to

time, though there is great caution in so using them because of the stigma

attaching to parents and children when child protection issues are raised.

A purely health-oriented approach may not exhaust the ethical options. Every-

one agrees that parents have ethical, as well as legal, duties to their children.

Indeed, for many people, the relationship between parent and child is that with the

greatest sense of moral duty. Keeping this in mind, there is room for mounting

ethical arguments addressed directly to parents. This is much more attractive than

looking directly to the law to enforce protections of children, in that it need be nei-

ther paternalistic nor invasive and intrusive, and addresses the parent directly as a

moral person who cares for his or her child first and foremost. Although there are

clear limits on states moralising to their citizens, and on doctors giving moral

advice – or appearing judgemental – to their patients, as citizens there is every rea-

son to insist that parents have responsibilities for their children’s health and educa-

tion, and that avoiding exposing them to passive smoking, and discouraging them

from smoking, are an important part of those responsibilities.19

9.7 Children outside the home

As outlined in Chapter 1, many of the places in which children were exposed to

passive smoking are now smoke-free, such as public buildings, offices, enclosed
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places of public entertainment, and so on. Many more places are subject to local

authority regulations over and above national regulations.20 An important step

for public policy would be to recognise that where direct harm prevention may

not require prohibition of smoking in (for example) open spaces where children

gather, such as parks and play areas, the necessity of limiting children’s exposure

to the idea that smoking is acceptable or normal, safe, or even characteristic of

being adult remains important, on the assumption that this can influence the

likelihood of children starting to smoke. 

A policy of prohibiting smoking in publicly visible places, particularly those

frequented by children, and within the vicinity of schools, nurseries, and other

areas where children gather in the open air, could have important public health

benefits. This could also include areas where smokers tend to congregate, such as

the entrances and exits to buildings and patios outside hospitality venues, which

children have to pass by or through. Such restrictions could be argued as being

proportionate in their limitation of the liberties of adult smokers when com-

pared with children’s health and educational needs. A comprehensive policy in

this area might go as far as applying licensing conditions on tobacco retailers, so

that tobacco could not be lawfully sold within a defined vicinity of a school or

nursery. A balanced policy which, incorporating concern both for limitation of

direct harm caused by passive smoking and for promoting positive role mod-

elling and health educational messages to children, considers that the burden of

proof should lie with those who would like to smoke or sell tobacco near a school

or in a play area, rather than with those who would like not to have their children

exposed to passive smoking.2,21 The issue of the contractual or criminal liability

of formal or informal carers of children in such places was discussed above, but

an advantage of a zonal approach is that it applies to anyone in such a defined

zone, not just those responsible for children.

Aside from fixed places, the other important place where children are exposed

to smoking is in vehicles. Public carriage vehicles such as taxis, trains, trams, buses,

and aeroplanes are already subject to smoking bans, but no such prohibition cur-

rently applies to private cars. Road safety legislation prohibits behaviours which

pose a risk to other road users (such as driving while intoxicated, using a mobile

phone while driving, or behaving in a way which amounts to recklessness while

driving). Trying to light a cigarette or looking for a cigarette packet while driving

clearly could pose such a risk, but the approach of the police and the courts is most

likely to be to punish offences that have caused an accident, rather than acting pre-

ventatively, by treating smoking behaviours as offences in themselves, unless there

is primary legislation to make smoking in a car into an offence. From a child

health point of view, while the risk of being in a smoking-induced accident is seri-
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ous and important, on a day-to-day basis, the much more common smoking-

related hazard is being exposed to smoke while riding in the car of a smoker. Even

where the smoker is not smoking while the child is in the vehicle, the child is still

exposed to any tobacco smoke lingering in the atmosphere or deposited inside the

vehicle. Levels of exposure in private vehicles when someone is smoking are high,

and hence have significant potential for harm, not just to children but also to

adults, particularly those with pre-existing cardiovascular disease. Legislation on

behaviour in vehicles is also practically workable. Thus, there is a strong case for

legal prohibition of smoking in private vehicles, and for more general measures

that encourage adult smokers simply to avoid smoking around children, and in

places frequented by children, even where there are no children currently present.

9.8 Summary 

H Passive smoking is an involuntary exposure that is harmful to children. All

adults therefore have a duty to avoid exposing children to tobacco smoke. 

H Exposure of children to smoking role models increases the likelihood that

they will sustain substantial future harm as a result of experimenting with,

and becoming addicted to, smoking. All adults therefore also have a duty to

prevent exposing children to smoking behaviour. 

H Governments also have a duty to ensure that people are aware of these

obligations, and to do all in their power to prevent exposure.

H Current legislation prevents exposure of children to tobacco smoke in

public buildings, but exposure to smoke and to smoking role models

elsewhere, particularly in the home, remains common. 

H Extending current smoke-free legislation to include all public places

frequented by children, whether or not enclosed as currently defined in law,

would prevent much of this exposure. The legislation could also be

extended to cover private vehicles. 

H There is also a duty on governments to ensure that children are not

exposed to smoking role models in film, television programmes, internet

content, music videos, computer games, and other media.

H Proportionate measures to minimise the risk of passive smoking in the

home are already in place for children cared for by the state.

H Legislation to prohibit smoking in the family home and many other private

places would be difficult to design, implement and enforce.

H The objective of preventing children’s exposure to smoke, and to smoking

role models, also needs to be balanced against the other needs of the child.

9 Ethics: children and smoking 161

© Royal College of Physicians 2010. All rights reserved.



H There is therefore a duty on governments to ensure that parents, carers and

adults in general are aware of the wider risks of smoking in sight of

children as well as of exposing children to smoke in the home, and to

develop and promote strategies to help minimise exposure.
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10.4 Passive smoking in cars and other vehicles
10.5 Use of medicinal substitution to support smoke-free settings
10.6 Summary

10.1 Introduction

Whilst policies prohibiting smoking in public places and workplaces have

received global attention, policies aimed specifically at reducing passive smoke

exposure in children in the home have received relatively little consideration. In

Chapter 2 we demonstrated that exposure of children to passive smoke is deter-

mined primarily by whether the child’s parents or carers smoke, whether the

child’s home is smoke-free, and by the socio-economic status of the household.

The data in Table 2.3 also demonstrate that almost all children whose parents (or

single parent) are non-smokers live in smoke-free homes. Thus the prevention

of passive smoke exposure in children depends firstly on preventing parental

or carer smoking, and secondly on encouraging those who continue to smoke

to make their homes, and other private places used by their children, smoke-

free. Importantly, these actions will also result in reduced smoking uptake

among children, due to the reduced role modelling of smoking as a normal adult

behaviour.1

The prevalence of adult smoking in the UK has fallen substantially over the

past three decades, from 40% in 1978 to 21% in 2007, 2 and although still rela-

tively high in younger adults (31% and 26% in the 20–24 and 25–34 age groups

respectively), the number of children whose parents smoke is now considerably

lower than 30 years ago. The proportion of children whose parents allow smok-

ing in the home has also fallen substantially (Table 2.3). Both of these trends

have contributed to a progressive reduction in passive smoke exposure in chil-

dren. In this chapter, we discuss how these two approaches to prevention are

interrelated, and can be promoted.
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10.2 Reducing the number of parents and carers who smoke

Reducing the prevalence of smoking among parents and carers is the most effec-

tive means of preventing passive smoking in children. The implementation of a

wide and increasingly effective range of tobacco control policies, including tax

increases, advertising bans, mass media campaigns, health warnings, cessation

services and smoke-free legislation, has contributed to a substantial reduction in

the prevalence of smoking in all UK adults over the past half century. However,

whilst this trend has encompassed all demographic groups, the rate of decline has

been considerably less marked in adults of parental age (Fig 10.1).64 The percent-

age of ever-smokers who have quit smoking has also increased over time, but less

in younger than in older adults (Fig 10.2). Although these trends appear to be of

similar magnitude in manual and non-manual occupational groups (Figs 10.1

and 10.2), the higher prevalence of smoking and lower quit rates in manual

groups in general mean that adults in this group are especially likely to have taken

up smoking, and to have remained smokers.

It is generally held that tobacco control policies such as health publicity cam-

paigns have had the greatest impact on smokers in higher socio-economic groups,

although price policies, if not undermined by tobacco smuggling, are thought to

affect particularly deprived groups more.3 However, a recent systematic review

found little evidence of differential effects from a range of tobacco control policies

in different socio-economic groups, including mixed evidence on the effects of

price in relation to income.4 There was also little evidence that tobacco control

policies had a differential effect by age,4 though a further systematic review of the
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Fig 10.1 Cigarette smoking by age and deprivation in Great Britain. Source: General
Household Survey 1980 and 2006.
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effects of price on smoking in young people (aged 25 years or less) found

evidence of an effect on both smoking uptake and cessation.6

These observations suggest that while it remains imperative to the continued

reduction of smoking prevalence that existing conventional tobacco control mea-

sures continue to be implemented and developed, boosting the rate of decline in

young adult groups may require further refinement and targeting. Further options

for this, and for reducing uptake of smoking in young adults, are discussed in

Chapter 11. 

10.3 Making homes smoke-free

If the ideal solution of parental (and other adult) cessation as a means of protect-

ing children from passive smoking cannot be achieved, then the next best option

is to minimise the exposure to children that arises from smoking by parents and

other household members in the home. It is evident from the objective and sub-

jective measures of passive smoke exposure presented in Chapters 2 and 8 that

this is already happening to a degree. Measures that have reduced adult smoking

prevalence, and particularly perhaps the smoke-free legislation, appear also to

have had an impact on smoking behaviour in the home. As previously discussed,

concerns that smoke-free legislation might displace smoking into the home have

proved to be unfounded. Rather, it appears that in the UK and in other countries

that have introduced smoke-free legislation, reductions in passive smoking in

children have occurred.7,8 Newly published data indicate that, in England at least,
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Fig 10.2 Proportion of ever-smokers who have quit smoking, by age and deprivation in
Great Britain. Source: General Household Survey 1980 and 2006.
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smoke-free legislation has had a positive effect on this trend,9 and such an effect

is plausible. Parents who are continually reminded of the need to smoke out-

doors to protect the health of others in the workplace and other public places are

perhaps more likely to adopt the same strategies to protect children and other

family members in the home.

A review of population-level tobacco control policies and their impact on the

prevalence of smoke-free homes in four countries, including the UK, emphasised

that comprehensive tobacco control programmes aimed at reducing the overall

prevalence of smoking may indeed be the most effective means of increasing the

prevalence of smoke-free homes.10 However, given that exposure remains sub-

stantial, particularly in relatively low socio-economic status households, other

approaches to reducing exposure are required.

Encouraging parents and carers, and particularly those who still smoke or

allow others to smoke in their home, to implement smoke-free policies in the

home is therefore an important complement to general population strategies

aimed at reducing smoking prevalence. For smoke-free policies in the home to

be effective in reducing levels of exposure in children, it is essential that they are

comprehensive and robustly implemented. Less restrictive measures, such as

opening windows whilst smoking, or limiting smoking to a single room, have lit-

tle impact on ambient tobacco smoke levels in homes,11 whereas strict no-smok-

ing policies in the home have been associated with significantly lower levels of

passive smoke exposure in children.12,13 A further benefit of smoke-free policies

in the home is that parents who implement them also appear to be more likely to

quit smoking themselves,14 and it is likely that stricter policies are more effective

in this respect.15 As is also evident from the data in Chapter 6, smoke-free poli-

cies in the home are also likely to reduce the risk of uptake among children and

adolescents.16,17

A number of intervention strategies, including health promotion and mass

media campaigns, individual or household-focused social–behavioural therapy,

and educational and clinical programmes intended to encourage parents to make

their homes smoke-free, have all been studied. In a recent systematic review of 36

intervention studies for reducing passive smoke exposure in children, Priest et al 18

concluded that there is currently insufficient evidence to recommend any particu-

lar approach, although intensive counselling interventions with carers did show

some consistency of effect. This conclusion was similar to that of an earlier system-

atic review, of 18 interventions, by the same authors19 and summarised in an ear-

lier RCP report.20 The quality of the studies was mixed, however, and this remains

the case with the more recent evidence. For their outcomes, eight studies included

an objective measurement of children’s exposure, one measured smoke particles in
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the ambient air, nine validated cessation in parents who smoked, and six included

some combination of these three different measurements. Only two of these stud-

ies were from the UK, one testing an intensive counselling intervention delivered

in the home,21 and one testing postnatal support for disadvantaged inner city

mothers.22 Neither of these studies found evidence that the intervention was effec-

tive. Although smoke-free home initiatives are being developed in the UK, to date

they have been inadequately evaluated. A further recent review of interventions to

promote smoking cessation in pregnancy and childbirth by NICE24 used slightly

different inclusion criteria and assessed 17 studies, nine of which were included in

the recent Priest et al review. The NICE review concluded that there was limited

evidence that any of the interventions assessed were effective, and expressed con-

cerns about the quality of the evidence available. We now review the evidence in

relation to all of the major strategic approaches explored to date.

10.3.1 Mass media campaigns

Gilpin et al 25 demonstrated that adults in California whose homes were smoke-

free tended to be more aware of the harmfulness of passive smoking. However, a

more recent US study indicated that beliefs about the harms of passive smoking

smoke were not independently related to rules prohibiting smoking in the home,

whereas beliefs about harms from ‘third-hand’ smoke (residual tobacco smoke

contamination that lingers after a cigarette has been extinguished) were indepen-

dently associated with home smoking bans.26 As awareness of the specific harms

caused by passive smoking is still low among smokers (see Chapter 8), measures

to increase knowledge about the effects of passive smoking are likely to be helpful

in promoting smoke-free homes. Improving the depth and quality of knowledge

about the adverse effects of passive smoking is likely to be particularly important,

as carer smoking behaviour around children is influenced, among other factors,

by the degree of their knowledge and on the emotional value of that information

to them.25,27,28

There are a number of ways in which awareness of the harmful effects of pas-

sive smoking could be increased, the most notable being the use of mass media

campaigns and health warnings on packs. Health warnings have been demon-

strated to be a prominent source of health information to smokers,29 and are

therefore likely to be an effective means of communicating the risks of passive

smoking. However, the impact of health warnings on smoking behaviour in the

home has not been evaluated.

Mass media campaigns are also highly effective approaches to building know-

ledge. In 2003, the Department of Health launched a high profile mass media
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campaign, ‘Smoking near children’, which emphasised the impact of passive

smoke on children and babies, backed up by educational materials. In an evalua-

tion, the proportion of respondents reporting that second-hand smoke was a risk

to children’s health increased from 28% before to 50% after the campaign. The

Department of Health ran further similar campaigns on passive smoking aimed

at increasing awareness of the specific effects of passive smoking on adults. ‘Sec-

ond hand smoke affects adults’ in 2005 and ‘Wedding’ in 2007, aimed to raise

awareness of the dangers to the health of non-smokers, and in particular to high-

light the fact that 85% of cigarette smoke in ambient air is invisible. Awareness of

specific effects of passive smoking increased after the 2005 campaign. For exam-

ple, 79% of respondents to a British Market Research Bureau (BMRB) survey

were aware that passive smoking could cause heart disease in non-smokers after

the campaign, compared to 67% before.30 An evaluation of the 2007 campaign

indicated that over half of the respondents were moved to think about the impact

of their smoking on friends and family, and a similar proportion said that they

were less likely to smoke around non-smokers. The majority of adults (92%)

accepted that passive smoking carries a risk for non-smokers (an increase from

84% in 2003), although this proportion was slightly lower among smokers

(84%).31 A Cancer Research UK campaign, ‘Smoke is poison’, initiated in

December 2006, aimed to increase public awareness of the poisonous chemicals

in tobacco smoke. This campaign was evaluated in 2007 via the BMRB Omnibus

survey of 1,600 adults, which demonstrated that, while the campaign had raised

awareness of the poisons in cigarette smoke, there was little evidence that it had

influenced attitudes towards passive smoking. In particular, 16- to 24-year-olds

were less likely to be convinced of the dangers of passive smoking and less likely

to feel the need to quit.32

Since 2008, there have been five Department of Health mass media campaigns

that have specifically focused on children in a bid to encourage parents to stop

smoking, including the ‘Wanna be like you’ (June–August 2008), ‘Reasons’

(October–November 2008), ‘Scared’ (October–November 2008), ‘Worried’

(February–March 2009), and ‘Smoke-free generation/real kids‘ (September–

November 2009) campaigns. Further details of each of these campaigns can be

found on the smoke-free resources website.33 Research on the impact of these

campaigns is not yet available.

10.3.2 Community setting interventions

Four of the studies included in the updated systematic review cited above18 evalu-

ated the impact of interventions targeted at communities or populations. One
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study in the USA evaluated the impact of a telephone smoking cessation coun-

selling service that targeted smoking mothers through an advertising campaign.34

Another, which included biological validation, used a community-based interven-

tion to train lay health advisors in working with families to lower smoke exposure

in the home.35 Two studies evaluated interventions in schools: a cardiovascular

health promotion programme which included an intervention to reduce ETS

exposure in children in the USA,36 and a study in China37 which involved a

tobacco prevention curriculum intended to encourage students to help their

fathers to quit smoking. Of these, only the latter37 appeared to be effective, result-

ing in a reduction in fathers’ self-reported smoking rates in the intervention

group.

10.3.3 Individual parent and carer interventions

Sixteen studies in the updated review18 involved interventions for parents attend-

ing routine immunisation or other health visits for healthy children; 13 targeted

parents whose children were ill with respiratory or other problems. A further two

studies recruited children visiting paediatric clinics where the purpose of the visit

was unclear or included both settings.

Although several of these studies reported significant intervention effects, only

three included validated outcomes and are described here. Emmons et al 38 found

a significant reduction in air nicotine measurements in the kitchen and one other

room in the house 6 months after an intervention involving a 30–45 minute

motivational interview at the carer’s home by a trained health educator, and four

brief (approximately 10-minute) follow-up telephone calls. A study in China39

found that a 20–30 minute counselling session with information based on indi-

vidual’s needs, and provision of nicotine replacement therapy if requested, had

an effect on parental quitting after 6 months. The third study, carried out in a

hospital outpatient clinic in Japan,40 reported a reduction in urinary cotinine

levels in children, though the precise nature of the parental intervention used

was not well described, simply that parents agreed to stop smoking.

In a paper published since the Priest et al 18 and NICE24 reviews, Hovell and

colleagues41 tested a combined intervention to reduce children’s passive smoke

exposure and help parents to quit smoking, compared with usual care. Mothers

who exposed their children to more than 10 cigarettes per week were randomised

into intervention and control groups. The intervention involved 14 counselling

sessions (10 in person and four via telephone) over a period of 6 months. The

counselling intervention targeted passive smoke exposure for the family’s

youngest child, and involved an individually tailored cessation component for
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each participant. The results showed a significantly greater decrease in reported

second-hand smoke exposure and mothers’ smoking in the intervention group

compared to the group who received usual care. However, whilst self-reported

home smoking and children’s urinary cotinine decreased in both the interven-

tion and usual care groups, there was no significant difference in these outcomes

between intervention and control groups.

10.3.4 Barriers to success

Qualitative research provides insights into the barriers to, and reasons for, restrict-

ing smoking in the home, particularly among disadvantaged parents.42–44 In these

families, awareness of the risks of passive smoking in children did not result in

measures to make homes smoke-free. For example, in a cross-sectional survey of

UK families, Blackburn et al 27 reported that 86% of parents knew the potential

adverse health effects of passive smoking on their children, yet over 80% of these

families continued to smoke in their home. Early work, carried out before

widespread public health promotion of the dangers of passive smoke, suggested

that smoking was used by mothers as a means to ‘cope’ with caring in circum-

stances of poverty and hardship.45 A more recent study43,44 explored the reasons

why mothers continue to smoke in the home, even knowing the risks of passive

smoke exposure following public health promotion. The authors concluded that

mothers continue to have to deal with the tension between ‘coping’ and ‘caring’.

They found that some mothers construct alternative explanations for their chil-

dren’s ill health, and few continue their efforts to protect babies from passive

smoke into infancy. Overall, their ability to initiate and maintain a smoke-free

environment for their children competes with their caring responsibilities, and

they are further restricted from smoking outside the home by the physical envi-

ronment in which they live. However, an Australian study suggested that a lack of

outdoor space may be less of an issue42 than the desire to smoke in comfort, the

difficulty of asking family and friends who may be helping with childcare not

to smoke, the difficulty of supervising children, and the expense of cessation

products.

10.3.5 Legislation

Another option, already discussed in earlier chapters, would be to implement legis-

lation to mandate smoke-free homes. This would be a controversial strategy, which

would be likely to encounter substantial opposition, as it would be perceived to rep-

resent undue interference in people’s private lives46 (see Chapter 9). As discussed in
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Chapters 8 and 9, such an option, outside the special case of children in state care,

would require widespread public support to succeed, and even then would be

extremely difficult to enforce. To our knowledge, no jurisdiction has yet introduced

such legislation, or has plans to do so.

One residential setting where regulations may be more likely to be effective

and to be supported, however, is multiple occupancy housing. In this environ-

ment, tobacco smoke can, and does, enter non-smokers’ homes through shared

areas such as ventilation systems, open windows, hallways, or stairwells.47 It is

possible that contractual conditions could be brought to bear on all residents in

multiple occupancy buildings to prohibit smoking in any home on the basis that

drift of smoke to others’ homes cannot be prevented with certainty.

10.4 Passive smoking in cars and other vehicles

Cars and other vehicles are another source of high levels of smoke exposure for

children and adults,48–50 and are associated with adverse health effects, including

an increased risk of respiratory and allergic symptoms,51,52 and in one study of

10- to 12-year-old never-smokers, an increased risk of reporting at least one

symptom of nicotine dependence.53

Several studies have examined the prevalence of smoking in cars with children

present, and collected data on car smoking restrictions.54–60 Unpublished data

from the 2007/8 survey wave from the International Tobacco Control (ITC) Pol-

icy Evaluation Study showed that 71% of UK smokers reported never smoking in

the car with non-smokers (as did 71% in Australia, 66% in Canada and 56% in

the USA); males and young smokers were generally more likely to smoke in cars

carrying non-smokers (Hitchman, personal communication). Similar findings

were reported in a study of smokers in the EU,61 although only 15% of UK

smokers in this study reported smoking in cars in the presence of children. Un-

published data from the ITC study also suggest that those who smoke in cars

tend to be regular and heavier smokers, with weaker intentions to quit. They

tend not to believe that cigarette smoke is dangerous and could cause lung cancer

in non-smokers, and they are less likely to support laws prohibiting smoking in

cars with children (Hitchman, personal communication). Whilst carers are, in

general, aware of the negative health effects of passive smoke exposure, there is

limited evidence of specific knowledge about the dangers associated with expo-

sure from smoking in cars.62 For example, in a nationally representative tele-

phone survey in the US, 95% of respondents recognised the dangers of passive

smoking in general, but only 77% recognised that passive smoking in cars was a

specific danger.63
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These findings suggest that improved educational interventions and media

campaigns are needed to highlight that all passive smoking carries some degree

of risk, and to target smoking families with information on the health benefits of

initiating and maintaining smoke-free cars. Messages can be similar to those

given out in other passive smoking campaigns, including the impact of the

smoke on children’s health and future propensity of children to smoke, as well as

the impact on accidents. Media campaigns advocating no smoking in cars have

been carried out in New Zealand,64 but we are not aware of any assessment of

their effectiveness.

Legislation is another approach to preventing passive smoking in cars and

other private vehicles, and the data reported in Chapter 8 indicate that 77% of

adults in England would support a total ban on smoking in motor vehicles carry-

ing children under the age of 18 years. Similar majorities in support of smoke-

free car legislation have also been observed in Australia and North America.62

A range of jurisdictions have now introduced legislation prohibiting smoking in

cars, including several States in Australia, Canada, and the USA. For example, in

South Australia and Tasmania, smoking by the driver or passengers is prohibited

in cars carrying children under the age of 16 years, whether the car is moving or

stationary, whilst in Mauritius, smoking is now prohibited in all private vehicles

carrying passengers.

Potential regulatory options for the UK include: prohibition in private vehicles

carrying children; prohibition if any passenger is present (so that enforcement is

not inhibited by the difficulty of determining the age of vehicle occupants); or

prohibition of all smoking in any private vehicle. The last of these is probably the

simplest and most easily enforceable option, and has the advantage that it would

also help to address the problem of persistent breaches of smoke-free legislation

in vehicles that are also workplaces, and improve road safety.

10.5 Use of medicinal substitution to support smoke-free settings

The research outlined above highlights the need for innovative interventions that

help to reduce the barriers to initiating and maintaining smoke-free homes and

cars. One option that has not been extensively studied is the use of nicotine replace-

ment therapies (NRT) as a harm reduction option to support temporary abstinence

from smoking in these settings. This could include the use of NRT either as a sub-

stitute for smoking when in the home, or as a first step in a structured programme

to reduce the number of cigarettes smoked within the home, with quitting as the

ultimate goal. The recent extension of the UK licence for use of some forms of NRT

for temporary abstinence from smoking, and/or cutting down cigarette consump-
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tion, offers this new opportunity to use an effective treatment to promote smoke-

free homes and reduce children’s exposure to passive smoke. Research work piloting

NRT use in homes where carers smoke is under way.

10.6 Summary

H The predominant source of passive smoke exposure in children is smoking

in the home by parents.

H The best way to prevent passive smoking in the home is therefore to reduce

the prevalence of smoking among parents and would-be parents, and hence

typically younger adults.

H The prevalence of smoking in younger adults is falling less quickly than in

older adults.

H Tobacco control initiatives at population and individual level therefore

need to be adapted and improved to target this age group more effectively.

Real price increases and mass media campaigns are likely to be particularly

effective in this respect.

H The next best way to prevent passive smoking in the home is to encourage

parents to make their homes completely smoke-free.

H Mass media campaigns and health warnings are probably the most effective

method of increasing awareness of the hazards of passive smoking, and the

need to make homes completely smoke-free.

H Behavioural interventions for parents who smoke may also be helpful in

promoting smoke-free homes.

H Smoking in private vehicles is a significant source of passive smoke

exposure in children and adults.

H Mass media campaigns on the risks of passive smoking in cars and other

vehicles, backed by legislation prohibiting smoking in all vehicles, is

probably the most effective means of preventing exposure of children and

adults in vehicles.

H The use of NRT to support temporary abstinence in the home and in cars

has potential that needs to be explored.

H All of the above interventions need to be pursued and evaluated, to reduce

passive smoking in children as quickly as possible.
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11.1 The UK smoke-free legislation

Smoke-free legislation in the UK has been a success. Making enclosed public places

smoke-free has proved highly popular, achieved widespread compliance, improved

indoor air quality, and reduced passive smoke exposure. Most businesses, includ-

ing those in the hospitality trade, have adapted successfully to the legislation. The

health benefits, particularly in terms of reductions in acute cardiovascular disease,

have proved substantial. With a few exceptions, of which the tobacco industry is

one, smoke-free legislation has been good for just about everyone. 

When smoke-free legislation was introduced in England, a commitment was

made by the secretary of state for health in England to a review it in 2010. That

review will be an opportunity to learn from the experience of implementation

and to resolve the legislative gaps, loopholes and inconsistencies that persist.

Some of the areas that merit attention in that review are listed in Chapter 1, and

include the location and design of covered but unenclosed smoking areas; smok-

ing in sports arenas and concert venues; smoking around the entrances to build-

ings; and smoking in hotels, hostels, prisons, other multiple occupancy housing,

and other areas where avoidable involuntary exposure to smoke still occurs.

These and other inconsistencies in the coverage of the legislation between UK

jurisdictions, summarised in Table 1.1, could all be resolved by relatively simple

revisions of the relevant regulations.
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Smoking in vehicles is an area in which the legislation has been less successful,

and where grounds for further protection of vehicle users are strong, given the

high levels of exposure in vehicles containing smokers. Currently, vehicles that

meet the definition of workplaces are required to be smoke-free, but the data in

Chapter 8 indicate that compliance with this requirement may still be less than

complete, and that employees, particularly younger people in lower socio-eco-

nomic groups, continue to be exposed. Enforcement of the smoke-free regula-

tions in work vehicles by external agencies is difficult, not least because it is not

always clear whether a vehicle is a workplace or not. These difficulties could easily

be resolved by extending smoke-free legislation to all vehicles. External policing

would then be practically feasible.

There is also scope to extend the legislation to include other outside areas where

smoking is still commonplace and some degree of passive smoke exposure still

occurs, such as beaches, children’s playgrounds, parks and other public areas. Exten-

sions of smoke-free legislation into areas such as these has been pursued in other

countries (see Table 11.1 for examples), and demonstrate that, with public support,

smoke-free policies can be applied much more widely than is currently the case in

the UK. The 2006 Health Act provides for regulations to designate additional places

smoke-free which are not necessarily enclosed or substantially enclosed, but where

there is significant risk that people present would be exposed to significant quanti-

ties of smoke. We suggest that this provision should be used to extend substantially

the range of smoke-free outdoor public areas to prevent any passive exposure

to smoke that might occur, but also, and perhaps more importantly, to prevent

exposure of children and young people to smoking behaviour.

11.2 Health effects of passive smoking in children 

The UK smoke-free legislation was not drafted or intended directly to protect

children. However, the trends in cotinine levels described in Chapter 2 indicate

that smoke-free legislation, in common with other successful tobacco control

policy in the UK over recent years, has almost certainly contributed to a sus-

tained secular decline in levels of passive exposure of children to tobacco smoke.

They also demonstrate that children, particularly those who live with smokers,

and those in relatively disadvantaged households, continue to experience sub-

stantial levels of exposure. Most of that exposure occurs in the home. Exposure is

highest in children whose mothers smoke.

Our reviews and meta-analyses in Chapters 3 and 4 confirm that passive expo-

sure of children to tobacco smoke, both before and after birth, has a substantial

impact on the risks of a range of fetal and childhood health problems. The results
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Table 11.1 Examples of smoke-free laws in other jurisdictions which go further than UK legislation.

Outside areas Enclosed areas

Buffer Restaurant Pubs and Children’s Private 
zones patio bans bars patios playgrounds, vehicles 
(entrances or bans or parks, other with 

Jurisdiction and exits) restrictions restrictions outside areas Beaches children Prisons

Australia (number 3 5 2 2 2 5 No legislation
of territories)

Kenyaa Yes Yes Yes Yes Yes No Yes

Canada (number 9, of which 4 4 3 0 7 All federal prisons, and 
of provinces)b 5 are partial 13 provinces/territories, 

of which 1 is smoke-
free indoors only

Mauritius No No No No No All private vehicles No
carrying passengers

USA (number 17 4, of which 3 26 2 9 All federal prisons;
of states)b 3 are partial 16 States, of which 

6 are smoke-free 
indoors only

a The Kenyan smoke-free legislation allows for smoking rooms, but these must be ventilated directly outside, separate and enclosed and sealed, and cleaned and
maintained only when smoking is not occurring in the area. It also requires there to be no smoking in residential houses and other premises where children are cared for.
b In Canada and the USA, many individual local authorities/municipalities have enacted legislation, but for simplicity we have only included legislation at State or
Commonwealth level in the USA, and Territory or Province level in Canada.
This table has been compiled from a request for information from the tobacco control network through Globalink (www.globalink.org), and so is only partial in nature.
However, it demonstrates the variety of jurisdictions where legislation going further than that in place in the UK have already been put in place, both for enclosed and
outside areas, as at December 2009.
Sources of information: Australia: Quit Victoria and the VicHealth Centre for Tobacco Control; Canada: Non-Smokers’ Rights Association and Canadian Cancer Society;
Kenya: Institute for Legislative Affairs; USA: American Nonsmokers’ Rights Foundation.



demonstrate modest impacts of maternal passive smoking on birth weight, and

possibly on fetal and perinatal mortality, and the risk of congenital abnormali-

ties. They also demonstrate important effects of family and household smoking

on the risk of sudden infant death, lower respiratory infection, middle ear dis-

ease, wheeze, asthma, and meningitis in the child. As is consistent with the data

on exposure levels, maternal smoking typically has the strongest effects. Whilst

the magnitude of the results of our meta-analyses may have been biased by con-

founding and other factors, our subgroup analyses of adjusted studies suggest

that these influences have not appreciably biased the effect estimates. We are

aware that passive smoking has been implicated in a wide range of health, devel-

opmental and behavioural effects in children, including some rare cancers such

as hepatoblastoma and leukaemia, and that the list of outcomes studied in this

report is far from comprehensive. We have also not included harm arising from

domestic fires. However, the figures we provide do include the more common, or

in the case of sudden infant death, serious outcomes.

The burden of disease caused by passive smoking in children in the UK, as

outlined in Chapter 5, is substantial. Passive smoking results in over 165,000 new

episodes of disease, 300,000 primary care contacts, 9,500 hospital admissions, at

least 200 cases of bacterial meningitis, and about 40 sudden infant deaths each

year. Most of this additional burden of disease falls on the more disadvantaged

children in our society. All of it is avoidable.

11.3 Passive smoking and smoking uptake in children

It has been recognised for some time that children who grow up in contact with

smokers, in their family, friends, peer groups and role models, are more likely to

become smokers themselves. The systematic review and meta-analysis in this

report provides estimates of the practical significance of that effect, demonstrat-

ing that children who grow up with a parent or other household member who

smokes are about twice as likely to become smokers themselves. Although also

strongest for maternal smoking and hence potentially due to prenatal as well as

postnatal exposure, the effect of smoking by any family member is of broadly

similar magnitude, and thus suggests that the effect is predominantly due to

exposure to smoking behaviour. We estimate that about 23,000 children in Eng-

land and Wales (and therefore probably about 25,000 in the UK) start smoking by

the age of 16 as a result of exposure to smoking by family members. Whilst this

total may have been inflated by the effects of other causal factors confounded with

exposure to smoking behaviour, it also excludes uptake of smoking after age 16,

and the effect of exposure to other smoking role models outside the home.
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Taking up smoking has massive consequences for the future health and eco-

nomic status of the individual. Once addicted, most smokers continue to smoke

for many years,1 and half of those who continue to smoke die prematurely from a

disease caused by their smoking.2 The cost of maintaining regular smoking,

which is currently over £2,000 per year when buying 20 cigarettes each day at

typical UK retail prices, is substantial, and exacerbates poverty. These impacts are

an important additional component of the harm caused by passive smoking in

children. Like the other health impacts of passive smoking, these consequences of

smoking uptake are avoidable through measures to prevent exposure of children

to smoking, but in this case to smokers’ behaviour rather than the smoke itself.

11.4 The costs of passive smoking

The costs to the NHS of treating disease caused by passive smoking in UK children

are substantial. Each year, primary care contacts account for around £10 million,

and hospital admissions around £13.6 million in costs in the UK. The future cost

of treating disease caused by the uptake of smoking by about 23,000 children

annually amounts to around £5.7 million per year, and of lost productivity

£5.6 million per year. These costs are also all potentially avoidable.

11.5 Ethics 

Passive smoking is an involuntary exposure that is directly harmful to children’s

health, and increases the risk that the child will become a smoker. Therefore, as

far as is reasonably possible, this exposure should be prevented. The responsibil-

ity to do so falls on individual smokers, who have a duty to avoid smoking in the

home or where children see them smoke, and on governments, who have a duty

to implement policies, including legislation where necessary, to protect children

from this exposure. The existing smoke-free legislation protects children in

enclosed public places but does not prevent exposure to smoke, or to smoking

behavioural models, in the home, in vehicles, in unenclosed public places, and

the many other places where children spend time. Proportionate measures to

minimise this exposure are justified. 

11.6 Preventing the harm caused by passive smoking in children

All of the harms caused by passive smoking, including the direct health effects and

effects on smoking uptake summarised above, are preventable by protecting chil-

dren from exposure not just to cigarette smoke, but from exposure to smokers.
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There are two broad approaches to this objective. The first, and by far the most

effective, is to reduce the number of people, particularly parents, family members

and other carers, who smoke. The second is to maximise the number of homes,

and places that children visit, in which smoking does not occur. 

As explained in Chapter 10, tobacco control policies in the UK have helped to

reduce exposure of children to smoking by both of these means. The overall

prevalence of smoking in young adults, and indeed in all adults, is falling. Since

this means that fewer parents, grandparents, relatives, family friends and other

family contacts are smokers, this in turn means that children are increasingly less

likely to encounter smoking in their everyday lives. However, the data in Chapter

10 also demonstrate that the prevalence of smoking is highest, and falling least

quickly, in the young adult age groups that include most parents, and are partic-

ularly high in the relatively disadvantaged. The proportion of households that

allow smoking in the home is also falling, but over 20% of children, or over

2 million of those aged 16 and under in the UK in 2009, still live in a household

in which they are exposed to smoke. This is a massive problem. It is therefore

important to consider strategies to reduce the prevalence of smoking in adults,

and the proportion of smokers who smoke indoors, as quickly as possible.

11.6.1 Strategies to reduce the prevalence of smoking in adults

Reducing the prevalence of smoking in adults requires measures to reduce the

number of people who take up smoking, and increase the proportion of smokers

who quit. Since preventing uptake inevitably takes some years to affect preva-

lence, even in young adults, promoting cessation is likely to deliver more imme-

diate reductions in exposure. However, these two approaches are in fact very

closely interrelated. Policies that encourage smokers to quit smoking also tend

to inhibit smoking uptake, and since smoking uptake is driven in part by adult

role-modelling, helping adult smokers to quit will also reduce the numbers of

children and young people who take up smoking. 

Conventional approaches to preventing smoking include advertising bans,

smoke-free policies, price rises, health promotion campaigns and health warn-

ings, and cessation services.3 Implementation of these measures, judged in rela-

tion to objective markers, is now well advanced in the UK.4 However, it is also

important that policies continue to be developed, improved and innovated to

retain initiative and impact with smokers and the general public. It is also impor-

tant to consider that the individual components of tobacco control policy typi-

cally have modest effects. It is their collective impact in the context of a

comprehensive range of policies that becomes substantial.
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A detailed discussion of individual policy initiatives and their relative effective-

ness is beyond the scope of this report, but a range of potential policy initiatives

recommended by the RCP in 2008,5 and of particular relevance to passive smok-

ing, is summarised in Box 11.1. All of these have the potential to reduce the

prevalence of smoking in young adults in the short- or medium-term future, but,

as outlined in Chapter 10, price and mass media campaigns are probably of
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Box 11.1 Policies to reduce the uptake and prevalence of smoking in the UK.5

Increase the retail price of tobacco; reduce availability of smuggled and
counterfeit tobacco

H Increase retail price of all smoked tobacco products by at least 10%, year-on-year

H Use tax to remove the current price differential between manufactured and hand-
rolled cigarettes

H Apply Class A drug penalties for persons convicted of involvement in illicit tobacco
trade

H Monitor availability and use of smuggled and counterfeit tobacco

H Set challenging targets to reduce market share of smuggled and counterfeit
tobacco products

H Cooperate fully with international initiatives to combat illicit trade in tobacco

Reduce the retail availability of smoked tobacco 

H License all existing retail tobacco outlets; set and progressively increase an annual
retail license fee

H Add a proportional levy on sales to discourage large volume retailers

H Progressively reduce, year-on-year, the number of licensed retailers

H Prohibit sale of tobacco within a defined distance from schools

H Prohibit internet purchase of smoked tobacco

H Restrict the number of hours each day in which tobacco products can be sold

H Prosecute and revoke the retail licence of anyone who sells tobacco illegally or
purchases tobacco for a child

H Prohibit sale of smoked tobacco products from vending machines

Prevent promotion of smoking and tobacco brand imagery

H Prohibit all point-of-sale displays of tobacco

H Prohibit advertising and promotion of tobacco accessories such as cigarette
papers

H Require all new films that endorse, glamourise or otherwise condone smoking to
be 18-certified

H Prohibit screening of TV programmes that endorse, glamourise or otherwise
condone smoking before the 9 pm watershed

H Require plain generic packaging for all tobacco products

continued over
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particular potential relevance to young adult smokers. The price of cigarettes in

the UK, although high in relation to other countries,4 has changed little in real

terms over recent years,6 and remains undermined by illicit supplies. Regular

price increases well above the rate of inflation, underpinned by much more com-

prehensive approaches to preventing smuggling and illicit supply of tobacco prod-

ucts, are therefore policy priorities. Investment in mass media campaigns needs to

be increased to include targeted campaigns conveying the harms of passive smok-
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Box 11.1 Policies to reduce the uptake and prevalence of smoking in the UK5 – continued.

Protect children

H Prohibit sale of smoked tobacco products in premises to which children are
admitted

H Require proof of age for purchase in all who appear to be under 25 years of age

H Apply Class A drug penalties to individuals who breach laws on under-age sale

H Promote strategies, including use of medicinal nicotine for temporary abstinence,
to protect children from passive smoke exposure in the home

Inform the public

H Deliver sustained, varied, imaginative and effective mass media campaigns

H Replace tar and nicotine data on cigarette packs with more effective
communications on harm

H Increase size and improve content of pictorial health warnings on tobacco
packaging

Support cessation

H Continue to provide and develop evidence-based cessation services to support all
quit attempts

H Provide nicotine or other cessation pharmacotherapy free of charge through the
NHS

H Encourage development of new service models to support cessation

H Ensure that healthcare providers build smoking cessation interventions for all
smokers into routine service provision

Harm reduction

H Increase availability, affordability and effectiveness of medicinal nicotine as a
substitute for smoking

H Require medicinal nicotine to be displayed prominently for sale wherever tobacco
is on sale

H Reform advertising and promotion rules to encourage marketing of medicinal
nicotine for cessation and temporary or sustained substitution for smoking

H Use media campaigns and pack warnings to communicate potential health risks
and benefits of nicotine substitution in absolute terms and relative to smoking

H Establish Nicotine Regulatory Authority, or similar body, to promote harm reduction
and to monitor and regulate the nicotine market



ing and the importance of smoke-free homes to young adult smokers. Since the

relationship between parent and child entails a moral duty on the part of the par-

ent, there is a strong case to use mass media campaigns to address parental smok-

ing in part through ethical arguments addressed directly to parents, supported by

communication of the health impacts of passive smoking on their children’s

health and future risk of smoking uptake, and effective means of quitting smok-

ing. Critics of UK tobacco control policy have argued that mass media campaigns

have not received sufficient priority.7 This is an area in which targeted investment

may be particularly appropriate. However, attention to other policy areas is also

important, including prevention of point-of-sale display, use of generic standard-

ised packaging to prevent use of the cigarette pack itself as a medium of promo-

tion, wider extension of smoke-free legislation to other areas outside the home,

and improved provision of cessation services for those who try to quit smoking.

The potential for the use of alternative sources of nicotine as a means of cessation

by long-term substitution8 also needs to be explored. Cessation interventions in

pregnant women, and methods of relapse prevention after the birth of the child,

when many mothers start to smoke again, need further research.

11.6.2 Strategies to prevent uptake of smoking

Uptake of smoking among young people in the UK has fallen in recent years,9 prob-

ably because the smoke-free legislation and the falling prevalence of smoking

among adults has reduced the perception among young people that smoking is a

common, normal, or desirable adult behaviour. Driving down the prevalence of

smoking in adults, and particularly young adults, is likely to remain the key to

reducing uptake of smoking in children and young people. It will also be important

to employ other strategies to protect young people from exposure to persisting

forms of tobacco promotion, and to minimise the accessibility of tobacco products. 

Although the UK tobacco advertising and promotion ban greatly reduced

tobacco marketing, two key channels of promotion remain. The first is tobacco

advertising displays at the point-of-sale. Since the tobacco advertising ban, point-

of-sale displays have grown in prominence and size, and a recent survey in two

cities in England showed that the vast majority of tobacco displays and gantries

were provided and maintained by the tobacco industry.10 Tobacco pack displays

are typically placed in the most prominent position behind the main counter in

shops, close to sweets or other products attractive to children, with health warn-

ings on packs often obscured.11 Given that it has been established that tobacco

promotion causes children to initiate tobacco use and continue smoking,12,13

point-of-sale displays should be prohibited as legislated for in the Health Act
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2009. Point-of-sale displays have also been shown to stimulate impulse purchases

of cigarettes and may reduce quitting.14–16 As cues to smoke that are prominently

sited in most retail outlets, they undermine investment in the NHS Stop Smok-

ing Services and other tobacco control measures. In July 2009, Ireland removed

point-of-sale tobacco displays, with very high compliance rates,17 and unpub-

lished data suggest that support for this measure has remained high, while the

proportion of 14- to 16-year-olds believing that more than 20% of teenagers

their age smoke, has fallen significantly from 63% before to 45% after the ban.

The second key channel of tobacco marketing which has grown in importance

with the introduction of tobacco promotion restrictions is the pack itself.18

Although use of terms such as ‘light’ and ‘mild’ on cigarette packs is now prohib-

ited, research has demonstrated that the tobacco industry currently uses a num-

ber of techniques which mislead consumers, including children, into believing

that some cigarettes are less harmful than others.19 The only way to eliminate

such misperceptions entirely is to introduce standardised, generic plain packag-

ing. Generic packaging would remove any liveries from packs, mandating that

packs are the same colour, design, size and shape, with only government warn-

ings and information being shown and the name of the pack being displayed in a

consistent font and colour. Such packaging increases the salience of health warn-

ings, reduces misperceptions about the relative harms of different packs, and

reduces the appeal and attractiveness of packs to children.19–21

In October 2007, the legal age of purchase of tobacco throughout the UK

increased from 16 to 18 years. Despite this, the latest in a series of annual surveys

carried out in 2008 indicated that 44% of 11- to 15-year-old smokers reported

usually buying their cigarettes from shops, with a similar proportion buying

from others, and 28% buying from people who were not friends or relatives.9

Although in 2008 there was a sharp increase in the proportion of current smok-

ers finding it difficult to buy cigarettes from any shop, 43% of those who tried to

buy cigarettes from a shop reported that they were always able to do so. In addi-

tion, one in ten 11- to 15-year-olds reported buying tobacco from vending

machines, even though it is illegal for under-18s to make such purchases. Pro-

hibiting sale of cigarettes from vending machines is the simplest way to eliminate

this source of supply, and the Health Act 2009 again includes legislation to

achieve this. Further strategies to reduce the number and accessibility of retail

outlets selling tobacco are also needed. Options include licensing to reduce the

number of retailers (particularly in locations frequented by children, such as

close to schools), prohibition of tobacco retailing in premises that admit chil-

dren, prohibition of financial incentives to retailers to stock tobacco products,

prohibition of internet sale, and application of more punitive penalties to retail-
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ers who sell to children, for proxy purchasing, or those who supply illicit or

counterfeit tobacco. These, and more general policy proposals for more effective

tobacco control policy, are summarised in detail elsewhere.5

Other areas of potential development include: the implementation of strong

smoke-free policies in schools and school grounds,22–27 as is now recommended

by the Department for Children Schools and Families, and required to gain

National Healthy Schools Status;28 promotion of school cultures that discourage

smoking;29,30 and the use of peer-led interventions.31 Helping children and young

people who are becoming established smokers to quit smoking is clearly also

important, but it is still not clear how cessation services should be configured for

young people.

11.6.3 Strategies to make homes smoke-free

The evidence summarised in Chapter 10 indicates that intensifying the above

more general population preventive measures will, in addition to reducing smok-

ing prevalence, increase the proportion of smokers who make their homes

smoke-free. Since legislation is probably not an effective or ethically justifiable

approach to reducing smoking in the home, creative approaches based on per-

suasion, choice and parental responsibility32 are more attractive. Mass media

campaigns promoting the importance of smoke-free homes, supported by

behavioural interventions for individual families, are likely to represent the most

suitable approach. The potential for use of harm reduction strategies based on

short- or long-term substitution with alternative forms of nicotine needs to be

explored in this context.8

11.7 Smoke-free vehicles

Smoking in vehicles is an important and persistent source of high levels of expo-

sure to tobacco smoke for both children and adults. The simplest means of pre-

venting this exposure is to prohibit smoking in vehicles, with support from media

campaigns to publicise the law change and explain the reasons for doing so.

11.8 Smoking in other public places

Children are potentially exposed to passive smoking wherever people smoke, and

to the smoking behavioural model wherever they see people smoking. The exten-

sion of smoke-free regulations to include areas frequented by children, as outlined

in section 11.1 above, would prevent both of these exposures.33,34
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11.9 Public opinion on extensions to smoke-free legislation

Public support for smoke-free legislation in the UK, and awareness that passive

smoking is a hazard to health, are high. A large majority of people think that

smoke-free legislation has been good for public health, and increasing numbers

of people are taking measures to make their homes and private vehicles smoke-

free. A majority of children are also aware that passive smoking is harmful to

them. There is strong public support for more extensive smoke-free legislation,

prohibiting smoking in front of children, in cars, and in other public areas.

11.10 Summary

H Passive smoking is a significant cause of death and disability in children as

well as adults, and of smoking uptake among children and young people.

H About 2 million children currently live in a household where they are

exposed to cigarette smoke; more are exposed outside the home.

H Governments and individuals have a duty to protect children from

exposure to smoke and to smoking.

H Smoke-free legislation has been successful but should be extended much

more widely, to include public places frequented by children and young

people.

H Smoking in cars and other vehicles should also be prohibited.

H The most effective means of protecting children from passive smoking is to

reduce the prevalence of smoking in adults, and particularly young adults.

H This will require sustained increases in the real price of tobacco, further

investment in mass media campaigns targeting smoking in younger adults,

more effective health warnings, prohibition of point of sale display,

mandatory generic standardised packaging, provision of tailored cessation

services, and a range of other policies.

H Specific measures to prevent uptake of smoking, by reducing the number

and accessibility of tobacco retailers, imposing strict penalties on those who

sell to children, and promoting peer-led and other school-based

interventions, are also required.

H It is also important to promote smoke-free homes, through mass media

campaigns, behavioural interventions and to explore new approaches such

as short-term nicotine substitution.

H There is public support for wider smoke-free policy, and a strong ethical

justification for these measures.
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H Further investment in these and other comprehensive conventional tobacco

control strategies will yield significant future financial savings and health

benefits to society through prevention of passive smoking in children.
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Smoke-free legislation in the UK

H Smoke-free legislation in the UK has been highly effective in reducing

exposure to passive smoke at work and in public places.

H Smoke-free legislation has realised some substantial health benefits, and in

particular a marked reduction in hospital admissions with coronary heart

disease.

H There are some persisting inconsistencies and gaps in the legislation

that could easily be resolved by changes or extensions to existing

regulations.

H Experience elsewhere indicates that extension of smoke-free policies to a

wider range of public places can be popular and successful.

H However, the legislation does not address exposure to passive smoke in the

home and in other private places such as cars.

H New approaches are therefore needed to address this persistent and

substantial source of passive smoke exposure.

Passive smoking in UK children

H Children are particularly vulnerable to passive smoke exposure, most of

which occurs in the home.

H The most important determinants of passive smoke exposure in children

are whether their parents or carers smoke, and whether smoking is allowed

in the home.

H Relative to children whose parents are non-smokers, passive smoke

exposure in children is typically around three times higher if the father

smokes, over six times higher if the mother smokes, and nearly nine times

higher if both parents smoke.

H Smoking by other carers is also a significant source of passive smoke

exposure.

© Royal College of Physicians 2010. All rights reserved. 191

Key conclusions and12 recommendations



H Children who live in households where someone smokes on most days are

exposed to about seven times more smoke than children who live in

smoke-free homes.

H Children who live with non-smoking parents are much more likely to live

in smoke-free homes than those whose parents are smokers.

H Children from socio-economically disadvantaged backgrounds are

generally more heavily exposed to smoke than other children, probably

because of heavier smoking inside the family home and in other places

visited by children.

H The overall level of passive smoke exposure in children has fallen

substantially over recent years.

H This is probably because the number of parents and carers who smoke, and

the number of parents who allow smoking inside the family home, have

both fallen over this period.

H The reductions in passive smoke exposure have occurred in all sectors of

society, but a significant proportion of children are still exposed, and

exposure is still greatest among lower socio-economic status households.

Effects of maternal active and passive smoking on fetal and
reproductive health

H Active maternal smoking (and hence passive exposure of the fetus) causes

up to about 5,000 miscarriages, 300 perinatal deaths, and 2,200 premature

singleton births in the UK each year.

H Passive exposure of the fetus to active maternal smoking impairs fetal

growth and development, increasing the risk of being small for gestational

age and reducing birth weight by about 250 g, and probably increases the

risk of congenital abnormalities of the heart, limbs, and face.

H Passive exposure of the fetus to active maternal smoking also causes around

19,000 babies to be born with low birth weight in the UK each year.

H Maternal passive smoking is likely to have similar adverse effects on fetal

and reproductive health, but of smaller magnitude.

H Maternal passive smoking reduces birth weight by around 30–40 g, and

may also have modest effects on the risk of prematurity and being small for

gestational age.

H Maternal passive smoking may reduce fertility, increase fetal and perinatal

mortality, and increase the risk of some congenital abnormalities
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(particularly of the face and genitourinary system), though the available

evidence is not yet conclusive.

H Maternal passive smoking is thus a cause of potentially significant health

impacts to the fetus.

H These adverse effects are entirely avoidable.

Health effects of passive smoking in children

H Living in a household in which one or more people smoke more than

doubles the risk of sudden infant death.

H Passive smoking increases the risk of lower respiratory infections in

children. Smoking by the mother increases the risk by about 60%, and

smoking by any household member by over 50%. 

H Passive smoking increases the risk of wheezing at all ages. Again, the effect

is strongest for smoking by the mother, with increases in risk of between 65

and 77% according to the age of the child. 

H Passive smoking also increases the risk of asthma by about 50% in school-

age children exposed to household smoking.

H Passive smoking increases the risk of middle ear disease. The risk is

increased by around 35% for household smoking and around 46% for

smoking by the mother.

H Passive smoking results in modest impairment of lung function in infants

and children. The long term practical significance of this effect is not known. 

H Passive smoking appears to more than double the risk of meningitis.

H Since most mothers who smoke through pregnancy also smoke after the

child is born, it is difficult to determine the relative importance of maternal

smoking before and after birth on these outcomes. However, the evidence

suggests that postnatal smoking is the more important. But the higher odds

ratios for postnatal maternal smoking, and the presence of effects from other

household smokers, suggest that postnatal smoking is the more important.

How much disease in children is caused by passive smoking?

H Passive smoking causes around 40 sudden infant deaths in the UK each year.

H Passive smoking also causes over 20,000 cases of lower respiratory tract

infection, 120,000 cases of middle ear disease, at least 22,000 new cases of

wheeze and asthma, and 200 cases of bacterial meningitis in UK children

each year.
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H These cases of disease generate over 300,000 UK general practice

consultations, and about 9,500 hospital admissions in the UK each year.

H It is likely that passive smoke exposure is a significant contributor to the

socio-economic gradient of incidence of most of the childhood illnesses

studied.

H This entire excess disease burden is avoidable.

Effect of parent and sibling smoking on smoking uptake

H Children growing up with parents or siblings who smoke are around 90%

more likely to become smokers themselves.

H Similar, though less strong, influences on smoking behaviour are likely to

result from exposure to smoking outside the home.

H At least 23,000 young people in England and Wales each year start smoking

by the age of 15 as a result of exposure to smoking in the home.

H Since uptake of regular smoking has significant health implications for the

child, including a 50% likelihood of premature death if smoking continues,

this represents a major health hazard to children.

H Together, these influences are likely to perpetuate the association between

smoking and social disadvantage.

H Maximising measures to reduce the prevalence of exposure of children to

smokers is thus a high priority not only to avoid harm caused by passive

smoke, but also from the increased risk of smoking uptake.

The costs of passive smoking in children 

H Passive smoking in children costs at least £9.7 million each year in UK

primary care visits and asthma treatment costs, and £13.6 million in UK

hospital admissions.

H The cost of providing asthma drugs for children who develop asthma each

year as a result of passive smoking up until the age 16 in the UK is

approximately £4 million.

H The future treatment costs of smokers who take up smoking as a

consequence of exposure to smoking by parents could be as high as

£5.7 million each year, or £48 million over 60 years.

H These smokers may also impose an annual cost of £5.6 million in lost produc-

tivity due to smoking-related absence and smoking breaks in the workplace,

which translates to an estimated £72 million over their working careers.
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H These significant economic costs are all avoidable.

H Interventions to reduce passive smoking thus have potential to make cost

savings to the NHS and in the workplace, as well as improving the health of

children.

Public opinion on smoke-free policy

H Public support for smoke-free legislation is high and has increased

substantially, among smokers as well as non-smokers, since smoke-free

legislation was introduced. 

H Most of those exposed to passive smoke at work report that they are

exposed less since the legislation was introduced, but a quarter of the

population still report exposure either in the home or at work.

H A large majority of the population believe that passive smoking is harmful,

and that banning smoking in public places has been good for the public

health.

H A majority of people now prohibit smoking in their homes and vehicles.

H Most people believe that smoke-free legislation should extend further, to

prohibit smoking in front of children, in cars, and in some other public

areas including those where smokers congregate outside buildings.

H One in eight non-smokers, predominantly younger males of lower socio-

economic status, still experience passive smoke exposure at work, albeit at

much lower levels than before legislation. Much of this exposure may be

occurring in work vehicles. This group in particular believes the

government is not doing enough to limit the harm from smoking.

H Over 80% of children are aware that passive smoking is harmful.

H Half of children with a parent who smokes report passive exposure in the

home, and one-third report exposure in cars.

Ethics

H Passive smoking is an involuntary exposure that is harmful to children.

All adults therefore have a duty to avoid exposing children to tobacco

smoke. 

H Exposure of children to smoking also increases the likelihood that they will

sustain substantial future harm as a result of becoming smokers. All adults

therefore have a duty to prevent exposing children to smoking behaviour.

H Governments also have a duty to ensure that people are aware of these

obligations, and to do all in their power to prevent exposure.
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H Smoke-free legislation should therefore include all public places frequented

by children, whether or not enclosed as currently defined in law, and

should include private vehicles. 

H There is also a duty on governments to ensure that children are not

exposed to smoking role models in film, television programmes, internet

content, music videos, computer games, and other media.

H Proportionate measures to minimise the risk of passive smoking in the

home are already in place for children cared for by the state.

H Legislation to prohibit smoking in the family home and many other private

places would be difficult to design, implement and enforce.

H There is therefore a duty on governments to ensure that parents, carers and

adults in general are aware of the wider risks of smoking in sight of

children as well as of exposing children to smoke in the home, and to

develop and promote strategies to help minimise exposure.

Strategies to reduce passive smoking in children 

H The best way to reduce the number of children exposed to smoke in the

home is to reduce the prevalence of smoking among parents and would-be

parents, and hence typically younger adults.

H The prevalence of smoking in younger adults is falling less quickly than in

older adults.

H Tobacco control initiatives at population and individual level therefore

need to be adapted and improved to target this age group more effectively.

H A comprehensive tobacco control strategy, including real price increases

and mass media campaigns, is likely to be most effective in this respect.

H The next best way to prevent passive smoking in the home is to encourage

parents to make their homes completely smoke-free.

H Mass media campaigns and health warnings are probably the most effective

method of increasing awareness of the hazards of smoking in the home,

and encouraging and sustaining behaviour change.

H Mass media campaigns on the risks of passive smoking in cars and other

vehicles, backed by legislation prohibiting smoking in all vehicles, is

probably the most effective means of preventing exposure of children and

adults in vehicles.

H The use of nicotine replacement therapy and behavioural interventions to

support abstinence in the home and in cars needs further research and

development.
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H All of the above interventions need to be pursued and evaluated, to reduce

passive smoking in children as quickly as possible.

Conclusions

H Passive smoking is a cause of significant morbidity and mortality in babies

and children, and cost to the NHS, that is completely avoidable.

H About 2 million children currently live in a household where they are

exposed to cigarette smoke, and many more are exposed outside the home.

H The most effective means of protecting children from passive smoking is to

reduce the prevalence of smoking in adults, and particularly parents and

other carers.

H Tobacco control initiatives at population and individual level therefore

need to be adapted and improved to target younger adults more effectively.

H This will require a comprehensive strategy including sustained increases in

the real price of tobacco; further reduction in smuggling and illicit trade;

sustained investment in mass media campaigns targeting smoking in

younger adults; more effective health warnings; prohibition of point-of-sale

display; mandatory generic standardised packaging; provision of tailored

cessation services; and a range of other policies.

H Specific measures to prevent uptake of smoking, by reducing the number

and accessibility of tobacco retailers to children, imposing strict penalties

on those who sell to children, and promoting peer-led and other school-

based interventions, are also required.

H It is important to promote smoke-free homes through mass media

campaigns amd behavioural interventions, and to explore new approaches

such as substituting cigarettes with medicinal nicotine.

H Smoke-free legislation should be extended much more widely, to include

public places frequented by children and young people, and to prohibit all

smoking in cars and other vehicles.

H Governments and individuals have a duty to protect children from

exposure to smoke and to smoking.

H There is public support for more comprehensive tobacco control policies,

and a strong ethical justification for these measures.

H All of the above interventions need to be pursued and evaluated, to reduce

passive smoking in children as quickly as possible.
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