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The primary analysis by multiple imputation showed a significant 
(p<0.001) reduction in 16–24 hours average PM2.5 at 12 weeks 
in the intervention group compared with the usual care group, 
adjusted for baseline and additionally for other prognostic factors 

(see Table  2, supplementary table1). Very similar results were 
obtained in the sensitivity analyses. The multiple imputation coef-
ficient of −0.45 (p<0.001) denotes, when unlogged, a decrease 
of air pollution in the intervention group of 36.3%. Taking into 

Figure 1  Approach, assessment for eligibility, randomisation and follow-up.
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account this reduction and the skewedness of the primary outcome, 
a participant in the median of the distribution, with a 16–24 hour 
average PM2.5 of 28.3 μg/m3 would have a concentration of 18.3 μg/
m3 of PM2.5 by the end of week 12, which is below WHO-rec-
ommended safe levels of indoor 24 hours PM2.5 concentration.23 
Figure 2 depicts predicted log-transformed 16–24 hours average 
PM2.5 from the mixed model for participants in the intervention 
and usual care groups. The model estimated a difference between 
groups at week 12 of −0.43 (95% CI −0.73 to −0.14), equating to 
a decrease of 35.2% (95% CI 12.7% to 51.9%).

Analysis of secondary outcomes (see Table 3, supplementary table 
2) showed that the proportion of time spent above 25 µg/m3 in the 
home and salivary cotinine from the index child, valid and compa-
rable for 47.1% of the sample, had decreased in the intervention 

compared with the usual care group, although the latter was statisti-
cally significant only in the adjusted analysis (p=0.04). The number 
of cigarettes smoked in the home and HSI were both reduced signifi-
cantly in the intervention compared with the usual care group both 
in basic and adjusted analysis. There was a threefold increase in the 
odds of making an attempt to quit during the 12 weeks of the study 
in the intervention group compared with usual care, whereas the 
proportion of those who had quit altogether was not significantly 
different between groups, and determination to quit was higher in 
the usual care group at 12 weeks. No important unintended harms 
resulted from the intervention in either group.

The vast majority of participants in the intervention group had 
received air quality feedback and behavioural support at baseline, 
week 7 and week 12; approximately two-thirds were using NRT 
products at week 12. Table  2 details the information related to 
adherence to the intervention and participants’ perception of 
importance of single intervention components received.

Discussion
In this randomised controlled trial, a complex intervention 
combining personalised feedback on home air quality with 
behavioural and pharmacological support achieved significant 
behaviour change, improvements in indoor air quality and conse-
quent reductions in exposure of young children to SHS as measured 
by salivary cotinine. Notably, these changes took place in predom-
inantly highly disadvantaged single-parent families who, at the 
outset of the study, were not willing to consider quitting smoking. 
To our knowledge, this is the first trial to demonstrate effective-
ness of this type of intervention across a comprehensive range of 
primary and secondary outcome measures, including home air 
quality, child salivary cotinine, smoking and quitting behaviour. 
It demonstrates that an intensive intervention can succeed in 
preventing harm to children from SHS even in the most difficult 
circumstances, with the potential to break the intergenerational 

Table 2  Adherence to intervention components and importance 
ranking at week 12 for the intervention group (number and percentage 
in brackets)

Baseline  
(%)

Week 7  
(%)

Week 12  
(%)

Intervention group study participants 102 (100) 95 (93) 95 (93)

Received valid air quality feedback 101 (99) 94 (92) 91 (89)

Received behavioural support 102 (100) 95 (93) 95 (93)

Used any NRT during the study* – 73 (79) 64 (67)

Used inhalator – 39 (42) 31 (33)

Used gum – 36 (39) 24 (26)

Used lozenge – 22 (24) 16 (17)

Used patch – 15 (16) 13 (14)

Used quick mist – 22 (24) 16 (17)

Used other – 2 (2) 1 (1)

Ranking of intervention components

Ranked air quality feedback first – – 65 (68)

Ranked behavioural support first – – 13 (14)

Ranked NRT first – – 17 (18)

Ranked air quality feedback second – – 21 (22)

Ranked behavioural support second – – 49 (52)

Ranked NRT second – – 24 (26)

Ranked air quality feedback third – – 10 (11)

Ranked behavioural support third – – 31 (33)

Ranked NRT third – – 53 (56)

*Considers the use of NRT after first advice from smoke-free homes advisors.
NRT, nicotine replacement therapy.

Table 1  Baseline characteristics of the study participants by 
treatment group*

Intervention
(n=103)

Usual care
(n=102)

Socioeconomic status

 � Multiple Deprivation Index rank† 6569.7 (5432.5) 6643.1 (5679.0)

Housing tenure

 � Own/mortgaged 6 (6%) 9 (9%)

 � Private rent 48 (47%) 37 (36%)

 � Council/local authority 47 (46%) 53 (52%)

 � Other 2 (2%) 3 (3%)

 � Adults, n 1.5 (0.6) 1.6 (0.7)

 � Children, n 2.1 (1.2) 2.2 (1.2)

 � Age of children, years 3.6 (2.6) 3.3 (2.3)

Cigarettes smoked daily inside the home, n

 � Mean (SD) 15.0 (11.0) 15.0 (11.0)

 � Median (IQR) 12.0 (8.0–20.0) 12.0 (7.0–20.0)

 � Caregiver Heaviness of Smoking Index‡ 2.6 (1.5) 2.5 (1.6)

Seasonality at baseline appointment

 � Warm 56 (54%) 53 (52%)

 � Cold 47 (46%) 49 (48%)

Ethnicity

 � Other 8 (8%) 4 (4%)

 � White British 95 (92%) 98 (96%)

Partner cohabits all of the time

 � Other 60 (58%) 58 (57%)

 � Yes 43 (42%) 44 (43%)

 � Age of caregiver, years 28.1 (6.2) 27.9 (6.6)

Air quality at home (PM2.5), µm/m3§

 � Mean (SD) 54.6 (71.1) 46.5 (52.8)

 � Median (IQR) 33.4 (12.3–77.8) 30.5 (14.1–72.7)

 � Maximum PM2.5 437.5 (590.6) 401.7 (433.6)

Cotinine index child, ng/mL

 � Mean (SD) 7.5 (8.1) 7.6 (8.0)

 � Median (IQR) 4.76 (6.21) 4.77 (7.48)

*Means and SD for most variables, unless otherwise stated. There was no 
statistically significant difference between groups in any of the variables listed.
†The Index of Multiple Deprivation rank goes from 1 (most deprived area) to 32 844 
(least deprived area).
‡Heaviness of Smoking Index derives from Fagerström Test for Nicotine Dependence 
but uses only two questions (how soon after waking up do you smoke your first 
cigarette and how many cigarettes a day do you smoke). Scores range from 1 to 
6, where higher scores are for higher dependency and lower scores are for lower 
dependency.
§Indoor air pollution concentration, 24 hours average PM2.5 (21), and in our case, 
16–24 hours average PM2.5 is measured in µm/m3, which refers to milligrams of 
pollutant per cubic metre of air (in this case the pollutant is PM2.5).
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cycle of tobacco addiction and smoking-related harm. Although 
we did not investigate measures relating to the potential clinical 
effectiveness of reduced secondhand smoke exposure in the home 
on respiratory and other smoking-related conditions, our findings 
could be of particular relevance, in view of discussions relating to 
smoke-free public housing9 and the circumstance that recent trials 
of minimal interventions to achieve reduced secondhand smoke 
exposure have shown to be unsuccessful.26

Although all of the families enrolled in our trial belonged to 
low socioeconomic strata, and almost all were of white British 
background, our findings are likely to be generalisable to families 
of other socioeconomic or ethnic backgrounds with the shared 
common feature of a caregiver who feels unable or unwilling to 
quit smoking. However, in view of previous findings indicating 
that barriers to creating SFHs are particularly great among disad-
vantaged families,8 our results are of particular relevance and may 
have underestimated the effect the intervention could have in less 
challenging environments. Our findings do not appear to have been 
adversely affected by the calibration error that generated inflated 
home air quality measurements at baseline and/or at week 7 for 
29 participants, which was corrected for analysis of indoor air 
quality but resulted in the delivery of behavioural advice to these 
participants based on inflated readings. Although this may have 
affected motivation and behaviour change positively or negatively, 
depending on the context provided by previous measurements, our 
sensitivity analysis demonstrates that the error had little effect on 
key study outcomes.

In terms of the primary outcome (change in indoor air quality 
at 12 weeks), it is of note that particulate matter was sampled at 
various points using air monitors over a period of up to 24 hours. It 
is perceivable, particularly given the presence of the monitor inside 
the home, that participants could have adjusted their smoking 
behaviour to affect air quality readings. Although this is a possi-
bility that we cannot rule out, it is important to consider that we 
collected a number of other outcome measures, including salivary 
cotinine from the index children, that are less likely to be affected 
by short-term behaviour change or other bias. Results from our 
analysis of salivary cotinine measures were also significant, under-
pinning the likelihood of our findings related to indoor air quality 

being reliable. PM2.5 is an indirect but well-established measure of 
secondhand smoke and has been used extensively to assess second-
hand smoke levels in homes, and elsewhere.27 It can be affected 
by non-tobacco sources, including cooking, heating and environ-
mental exposures,27 but because our study was randomised and 
there is no reason to suspect that any change over time from other 
sources would affect the intervention group differentially from 
control, it is unlikely that this has affected our results.

The results of this study build on the Reducing Families' Expo-
sure to Secondhand Smoke in the Home (REFRESH) feasibility 
study, which only showed evidence of effectiveness within and not 
between treatment groups,17 suggesting that the more intensive and 
longer intervention period is important to support the initiation and 
maintenance of SFH to protect children from exposure to SHS. The 
reduction in levels of SHS exposure found in our study of caregivers 
who were unable or unwilling to quit smoking is similar to that 
reported in the American KISS Trial,28 which, however, included 
caregivers who had recently quit or tried to do so. This could be 
interpreted as evidence that our intervention was particularly 
effective because our population may have been less amenable to 
smoking-related behaviour change. Our findings also demonstrate 
intervention effectiveness across a range of further smoking-related 
measures, such as increases in determination to quit, and actual quit 
attempts, which predict further quit attempts in the future.29

This is in contrast to a US trial assessing a multicomponent 
intervention including motivational interviewing, where effective-
ness was found for improvement of air quality in the home only 
at 12-month follow-up but not before and not at all for salivary 
cotinine.30 It is possible that our intervention was more effective, 
because it was delivered in private family homes rather than largely 
in a public school environment, included NRT and personalised 
advice from trained smoke-free homes advisors to make the family 
home smokefree, thus being particularly tailored to individual need. 
In contrast also to a recently published RCT of a complex inter-
vention very similar to the one used in our study, conducted with 
205 families in Armenia31 using children’s hair cotinine as primary 
outcome measure, our findings of changes in salivary cotinine were 
significant in the adjusted analysis, although similar challenges in 
collecting samples for cotinine analysis from index children were 

Figure 2  Predicted 16–24 hours average PM2.5 (log transformed) and 95% CIs by group and follow-up from the mixed model.
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experienced. There was evidence in our study that determination 
to quit smoking was greater in participants who had received the 
low-intensity ‘usual care’ intervention, which could be interpreted in 
various ways. For example, it could indicate satisfaction of complex 
intervention participants with their achievements and improved 
home air quality for their children, removing the perceived ‘neces-
sity’ to stop smoking completely. However, the significantly higher 
number of quit attempts during the study in the intervention group, 
measured at various time points, contradicts this theory.

Overall, our intervention specifically contributes to the growing 
evidence base of effective multicomponent interventions that 
result in a reduction in PM2.5, which helps to protect children from 
exposure to SHS in the home.16 In addition, it helps to provide 
important information on intervention components and modalities 
that can be used to inform future meta-analyses/evidence syntheses 
given that, to date, systematic review evidence13 14 16 has not been 
able to recommend one specific intervention over another. It is 
important to notice that, as with other studies,16 our intervention 
did not eliminate SHS exposure in the participating homes. The 
need to develop and test complex interventions that have the 
potential to do so remains apparent.

The high retention of participants in our study can be 
viewed as a strength and as an indicator of high motivation 
among smokers to protect their children from SHS exposure, 
denoting the potential of widespread uptake of interventions 
to support this aim. The combination of a financial incentive 
on completion of data collection, free NRT, frequent commu-
nication with SFHAs and flexibility to accommodate partic-
ipants’ needs in terms of appointments is also likely to have 
contributed to the high retention.

An important consideration refers to the cost-effectiveness of 
the complex intervention tested here. An economic analysis is 
currently ongoing and will be made available elsewhere. Further 
research to refine our intervention, adapting it for widespread 
and sustainable application and taking into account participants’ 
perceived importance of intervention components is required. 
Rankings of importance obtained from our intervention partici-
pants indicate the central role of personalised air quality feedback 
(ranked as the single most important intervention component by 
most participants); further exploration of this and implications 
for future service development and implementation is warranted. 
Furthermore, research related to clinical impacts of reduction in 
SHS exposure is also required.

What this paper adds

►► Children’s exposure to secondhand tobacco smoke (SHS) is 
extremely harmful to health and occurs mainly in the home. 
Behavioural and pharmacological interventions can  
improve air quality in the homes of smoking caregivers  
motivated to quit smoking, thus reducing children’s harmful 
exposure to secondhand smoke in the home.

►► A complex intervention including behavioural and phar-
macological support and air quality feedback was effective 
in reducing children’s exposure to SHS in the homes of 
caregivers who were not motivated to quit in deprived 
communities and improved a range of smoking-related 
outcome measures, including saliva cotinine, daily cigarette 
consumption and quit attempts. It highlights the potential 
of such interventions to break the intergenerational cycle of 
tobacco-related harm even under the most difficult circum-
stances.
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