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Abbreviations

ACT = asthma control test

ACQ = asthma control questionnaire

AHR = airway hyper-responsiveness

Cl = confidence interval

EAACI = European Academy of Allergy and Clinical Immunology
e-cigarette = electronic cigarette

ED = emergency department

ETS = environmental tobacco smoke

EU = European Union

LF = lung function

FEV1 = forced expiratory flow in the first second
FVC = forced vital capacity

GDG = guideline development group

ICS = inhaled corticosteroids

MD = mean difference

OR = odds ratio

PECO = population exposure comparator outcome
PEF = peak expiratory flow

Q = question

QoL = quality of life

RCT = randomised control trial

ROB = risk of bias

ROBINS-E = Risk Of Bias In Non-randomized Studies - of Exposure
RR = risk ratio

SMD = standard mean difference

SoF = summary of findings

SR = systematic review

WHO = World Health Organization
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ABSTRACT

To inform the Clinical Practice Guidelines recommendations developed by the European
Academy of Allergy and Clinical Immunology systematic reviews (SR) assessed using
GRADE the impact of environmental tobacco smoke (ETS) and active smoking on the
risk of new-onset asthma/recurrent wheeze (RW)/low lung function (LF) and on asthma-
related outcomes. Only longitudinal studies were included, almost all on combustion
cigarettes, only one assessing e-cigarettes and LF. According to the first SR (67 studies),
prenatal ETS increases the risk of RW (moderate certainty evidence) and may increase
the risk of new-onset asthma and of low LF (low certainty evidence). Postnatal ETS
increases the risk of new-onset asthma and of RW (moderate certainty evidence) and
may impact LF (low certainty evidence). Combined in utero and post-natal ETS may
increase the risk of new-onset asthma (low certainty evidence) and increases the risk of
RW (moderate certainty evidence). According to the second SR (24 studies), ETS
increases the risk of severe asthma exacerbations and impairs asthma control and LF
(moderate certainty evidence). According to the third SR (25 studies), active smoking
increases the risk of severe asthma exacerbations and of suboptimal asthma control
(moderate certainty evidence) and may impact asthma-related quality-of-life and LF (low
certainty evidence).

1| INTRODUCTION

Asthma is a prevalent chronic disease, which poses a significant global public health
challenge, impacting worldwide more then 300 million individuals across all age groups
(1, 2). In 2019, there were 455,000 reported deaths attributed to asthma, predominantly
occurring in low- and middle-income countries due to the difficulties associated with
under-diagnosis and under-treatment. These countries also have a high prevalence of
active or passive exposure to tobacco smoke (3,4,5).

Tobacco consumption is the single largest avoidable health risk, and the most relevant
cause of premature death in the European Union (EU), responsible for nearly 700,000
deaths every year. Around 50% of smokers die prematurely (on average 14 years earlier)
Despite considerable progress made in recent years, the number of smokers in the EU
is still high — 26% of the overall population and 29% of young Europeans aged 15-24
smoke (3,4,5).

Tobacco smoke comprises a complex mixture of over 6000 chemical compounds,
including, potent respiratory irritants and immune modulators like acrolein, acrylamide,
formaldehyde, sulphur dioxide, and ammonia, besides nicotine (6,7,8,9). The World
Health Organization (WHO) has nominated nine key toxic substances: N-
nitrosonornicotine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanon, acetaldehyde,
acrolein, benzene, benzo[a]pyrene, 1,3-butadiene, carbon monoxide and formaldehyde
(10).

The prevalence of current and past smoking in adults with asthma is similar to that of the
general population. Multiple studies have shown that environmental tobacco smoke
(ETS) or active smoking is a major risk factor for new-onset asthma, recurrent wheeze,
low lung function and fast lung function decline, asthma exacerbations, impaired asthma
control and quality of life (QoL), reduced response to asthma controller medication,
especially to inhaled corticosteroids (ICS), and overall increased asthma severity
(11,12,13,14,15,16,17,18,19,20,21). Tobacco smoking increases the risk of lung cancer,
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cardiovascular diseases, and thus overall mortality in asthmatic patients. Electronic
cigarettes (e-cigarettes) seem to have the same detrimental effect on cardiovascular and
respiratory health and on patients with asthma (22,23). Therefore, the avoidance of
tobacco exposure may play a critical role in preventing and controlling asthma.

There is relative paucity in mechanistic understanding of how the components of
cigarette smoke impact the lung. The mechanisms described until now include epigenetic
modifications with transgenerational impact, altered epithelial barrier with over-
production of epithelial derived cytokines, impaired response to infections, mucus
hypersecretion, oxidative stress, amplification of the type 2 (T2) and non-T2 chronic
airway inflammation (7,8, 24,25,26,27,28,29,30,31,32,33,34,35,36,37,38). Recognizing
that nicotine is a major component in both smoking and vaping products, it is critical to
understand the mechanisms by which nicotine impacts airways and boosts lung diseases
such as asthma. Nicotine appears to be the responsible component of tobacco smoke
that affects lung development (17). There is now increasing evidence that alpha7
nicotinic acetylcholine receptors are critical players in nicotine effects on airways (7).

The specific aims of these systematic reviews (SR) and meta-analyses are to synthesise
and update the current scientific evidence of the impact of: i) ETS (combustion or e-
cigarette) on the risk of new-onset asthma; ii) ETS (combustion and e-cigarette) on
asthma-related outcomes; and; iii) active smoking (combustion and e-cigarette) on
asthma-related outcomes. The results of these SRs are meant to inform the
recommendations of the Guidelines on Environmental Science for Allergic Diseases and
Asthma developed by the European Academy of Allergy and Clinical Immunology
(EAACI).

Page 6 of 118
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2 | METHODS

This systematic review has been conducted following the Preferred Reporting ltems for
Systematic Reviews and Meta-Analysis (PRISMA) statement (registered in PROSPERO
CRD42023455368).

2.1 | Guideline Development Group

The EAACI Asthma Voting Panel and Guidelines Steering Committee (henceforth
referred as the “Guideline Development Group” — GDG) includes clinicians, researchers
and patient’s representatives with different backgrounds (the complete list of experts is
available from the EAACI website) who voluntarily participate in the development of
EAACI clinical practice guidelines.

2.2 | Structured questions and outcome prioritization

The GDG framed three Population, Exposure, Comparator, and Outcomes (PECO)
questions (Q) (Table 1): (i) “Does pre- or post-natal or combined pre- and post-natal ETS
(combustion or e-cigarette) increase the risk of new-onset asthma?” (Q1); (ii) “Does ETS
(combustion or e-cigarette) impact asthma-related outcomes?” (Q2); and (iii) “Does
active smoking (combustion smoking/e-cigarette) impact asthma-related outcomes?”
(Q3).

According to the GRADE approach asthma-related outcomes were prioritized by the
GDG group using a 9-point scale (7-9 critical; 4—6 important; 1-3 of limited importance),
(39). For Q1 the critical outcomes were new-onset asthma, recurrent wheezing, and low
lung function (forced expiratory volume at one second [FEV1]). For Q2 and Q3 the critical
outcomes were severe asthma exacerbations, asthma control, asthma-related quality of
life (QoL) and lung function (FEV1, FEV1/forced vital capacity [FVC], peak expiratory
flow [PEF]). Important outcomes for Q2 and Q3 were frequency of asthma well-controlled
days and use of asthma controller and/or reliever medication [Table 1].

2.3 | Data sources and search methodology

The search for primary studies included MEDLINE (PubMed, July 2022) and EMBASE
(Ovid, July 2022). Search algorithms (with use of validated filters on study designs) were
adapted to the requirements of each database (Tables S1 and S2). Additional studies
provided by the GDG and previous SR were also evaluated.

2.4 | Eligibility criteria and selection of studies

The SR included randomized controlled trials (RCTs) and longitudinal prospective non-
randomized studies (i.e., cohort studies). Only studies published in English were
included. Studies in which smoking was not considered as the primary exposure variable
(i.e., studies including "smoking” as part of a wider group of exposures, e.g., alcohol, air
pollution, etc.) were not included. Abstracts or conference communications not published
as full articles in peer-reviewed journals were excluded.

After initial calibration, one reviewer screened the search results based on their titles and
abstracts to identify potentially eligible studies. Subsequently, two reviewers
independently assessed the eligibility of studies based on the assessment of the full
article text. Disagreements were solved by discussion with a third reviewer.

2.5 | Data extraction and risk of bias assessment
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From each study included in the SR two independent reviewers extracted information on
the description of study design, population, setting, follow-up, and results and assessed
the risk of bias (ROB). Discrepancies were solved by discussion with a third reviewer. If
needed, additional data were requested from the authors of the studies included.

For RCTs ROB was assessed with the Cochrane ROB tool (40). The ROB was judged
as “low”, “high”, or “unclear” for each domain: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding for outcome assessment,
incomplete outcome data, and selective reporting. For non-randomised studies, the ROB
was assessed by applying the Risk Of Bias In Non-randomised Studies of Exposures
(ROBINS-E) tool (41). The seven items included in ROBINS-E are: 1) Bias due to
confounding, 2) Bias in selection of participants, 3) Bias in classification of exposures, 4)
Bias due to departures from intended exposures, 5) Bias due to missing data, 6) Bias in
measurement of outcomes, and 7) Bias in selection of reported results. For each item,
ROB can be judged as ‘Low’, ‘Moderate’, ‘Serious’, or ‘Critical’. Overall, ROB was rated

as “not serious”, “serious”, or “very serious”.

For those studies including more than one eligible asthma-related outcome, we
conducted outcome-specific assessments of ROB for the domains “Blinding of outcomes
assessment”, “Incomplete outcome data” or “Bias in measurement of outcomes”. For
simplicity and clarity of presentation, the results of the outcome-specific assessments

are presented as footnotes in the Evidence Profile Tables but not in the ROB tables.
2.6 | Data synthesis and analysis

For dichotomous outcomes, results are presented using odds ratio (OR) or risk ratio
(RR). For continuous outcomes, results are reported as mean differences (MD) or
standardized mean differences (SMD) (the latter calculated when considering scores
assessing patient-reported health-related QoL measured using different instruments) in
change from baseline values. For each outcome, we performed random-effects meta-
analysis using the DerSimonian & Laird method. For continuous outcomes, we
performed meta-analysis for the change from baseline values. Statistical heterogeneity
was assessed with the Q-Cochran test and with the ? statistic.(42) A p-value of the Q-
Cochran test <0.10 and an /F?>50% were considered to indicate substantial
heterogeneity. All statistical analyses were performed using STATA software, v.15.

Data from RCTs and observational longitudinal studies were not pooled together in the
same meta-analyses.

For Q2 and Q3, we conducted subgroup analyses by: a) age group (children (below 18
years old) and adults) and by b) adjustment status of effect size measures of primary
studies (effect size measures adjusted vs unadjusted for confounders). For Q1, we
conducted subgroup analyses based on: a) the relatives who were sources of tobacco
exposure (mother, father, both parents or other relatives) and by b) adjustment status of
effect size measures of primary studies. For those studies addressing the outcome
“recurrent wheezing”, we conducted subgroup analyses depending on the definition of
recurrent wheezing as: a) “lifetime wheeze”; b) “more than three wheezing episodes”;
and c) studies not providing a specific or clear characterization of wheezing. The
ICEMAN criteria (43) were applied to evaluate the credibility of subgroup effect.

For all meta-analyses, we report overall effect estimates, except for those cases in which
subgroup analyses demonstrated significant differences of pooled meta-analytical
results according to the adjustment status of effect size measures of primary studies (in
that case, only pooled effects from studies reporting adjusted results are presented).

Page 8 of 118
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2.7 | Certainty of the evidence

The certainty (quality) of evidence was rated for each outcome using the GRADE
approach (44). Certainty of evidence was rated as “high”, “moderate”, “low” or “very low”,
taking into consideration the ROB, imprecision, inconsistency, indirectness, and
publication bias domains. Results are present in the format of summary of findings (SoF)
tables (45).

3 | RESULTS
3.1 | Selection process

The selection process is summarized in a PRISMA flowchart (Figure 1). The search
identified a total of 8478 records, of which 7749 corresponded to unique records. Of
those, 7399 records were excluded after title and abstract screening. For the remaining
350 references, 67 studies met eligibility criteria for Q1(26, 46-111) (Table S3), 24
publications met the eligibility criteria for Q2 (91, 112-134) (Table S4), and 25 studies for
Q3 (122, 130, 135-157) (Table S5).

3.2 | Characteristics of studies included

From the 67 studies evaluated for Q1 (Table S3), 32 (48%) were performed in Europe,
16 (24%) in North America, 9 (13%) in Asia, 5 (7%) in Oceania, 3 (4%) in South America,
1 in Africa, and 1 on multiple continents. Of the 67 studies, 61 were prospective cohort
studies, and 6 were retrospective studies. The number of included participants ranged
from 101 to 844003 participants. The mean (range) proportion of female participants was
47.9% (25.6% to 55.3%). Of the 67 studies, 12 presented a serious or critical ROB, 53
were at moderate ROB, and 2 had low ROB. The most frequent concerns for bias
resulted from reporting the measurement of tobacco exposure (only 15% of the studies
with low ROB in this domain), measurement of asthma-related outcomes (low ROB in
34%), and missing data (low ROB in 39%).

From the 24 studies evaluated for Q2 (Table S4) most (n=14, 58%) were conducted in
North America, seven (29%) in Europe, two in Asia (8%) and one in Australia (4%). Most
studies had an observational design (14 prospective cohort studies, two retrospective
cohort studies). The remaining studies were either RCTs (n=3) or quasi-experimental
studies (n=5). The number of included participants ranged from 6 to 5263 participants.
The mean (range) proportion of female participants was 53.9% (30% to 100%). Nine
studies presented a high ROB, 14 a moderate ROB, and one had a low ROB. Most
frequent sources of high ROC in observational studies were related to confounding bias
(2 studies) and bias related to selection of participants (2 studies), whereas in RCTs bias
was related to the generation of the random sequence (5 RCTSs).

Of the 25 studies evaluated for Q3 (Table S5) around two thirds (n=16, 64%) were
conducted in Europe. The rest were conducted in North America (n=4), Asia (n=3), and
Oceania (n=2). Most studies were observational, (19 prospective cohort and 2
retrospective cohort studies); there were also 3 RCTs and one quasi-experimental study.
The number of included participants included ranged from 10 to 17480 participants. The
mean (range) proportion of females was 62% (15% to 100%). 21 studies (84%) included
both males and females, whereas 3 studies (12%) focused exclusively on pregnant
women (the proportion of females was not reported in one study). Nine studies presented
high ROB and 16 presented moderate or unclear ROB (no studies with low ROB were
identified).



396
397

398
399
400

401

402
403
404
405
406
407

408
409
410

411

412
413
414
415
416
417
418
419
420

421

422
423
424
425
426
427
428
429
430
431
432
433
434

435

436
437
438
439
440

Allergy

3.3 | The impact of ETS (combustion or e-cigarettes) on the risk of new-onset
asthma (Q1)

The evidence profiles and certainty of evidence for Q1 are summarized per outcome in
Table 2 and detailed in Figures S1A — S1L. All data refer to ETS to combustion cigarettes
as no study examined the impact of ETS to e-cigarettes on the risk of developing asthma.

3.3.1] New-onset asthma (pre-natal exposure)

Thirty-one studies reported on the impact of pre-natal exposure to combustion smoking
on new-onset asthma (table S3A). The pooled analysis from 23 studies (Figure S1A)
showed that pre-natal; exposure to combustion smoking may result in an increased risk
of new-onset asthma (pooled OR=1.28; 95%CI=1.18-1.39; I’=67.1%; Q Cochran test p-
value<0.001) (low certainty evidence). This pooled estimate was consistent with the
findings from the other 8 studies not included in the meta-analysis.

Most studies assessed the impact of maternal smoking on new-onset asthma (Figure
S1B), where a positive association was observed (pooled OR=1.30; 95%CI=1.20-1.41),
albeit with severe heterogeneity (#=62.3%; Q Cochran test p-value<0.001).

3.3.2| Recurrent wheezing (pre-natal exposure)

Twenty-three studies examined the impact of pre-natal exposure to combustion smoking
on the risk of recurrent wheezing (table 3A). Pooled adjusted results from 21 studies
(Figure S1C) showed that pre-natal exposure to combustion smoking increases the risk
of recurrent wheezing (OR=1.43; 95%CI=1.30-1.56; P=64.4%; Q Cochran test p-
value<0.001) (moderate certainty evidence). The 2 studies not included in the meta-
analysis (due to unavailable data), also suggested that pre-natal exposure to combustion
smoking could increase the risk of recurring wheezing (47, 70). Most studies assessed
the impact of maternal smoking (pooled OR=1.52; 95%CI=1.41-1.64; P=13.2%; Q
Cochran test p-value=0.283) (Figure S1D).

3.3.3] Low lung function (pre-natal exposure)

Three studies reported the impact of pre-natal exposure to smoking on incident low lung
function (59, 64, 91). These studies presented results using different effect size
measures (mean differences, OR, and percent changes) and lung function measures
(FEV1 and FEV/FVC), which precluded from pooling their results. One study (59) found
that in utero exposure was associated with decreased FEV1 in boys (mean difference =
-13.6%; 95%CI=-18.9% to -8.2%) and with decreased FEV1/FVC in girls (-9.3%; 95%
Cl, -12.9% to -5.4%). Another prospective study (64) reported that maternal smoking
during pregnancy was negatively associated with maximal mid expiratory flow (FEF25-
75) (-0.05 SD units, 95% CI=-0.07 to-0.03), but no significant changes were observed
for FEV1. The third study (91) suggested that pre-natal tobacco exposure was
associated with decreased FEV1 (adjusted mean difference= -0.07 L, 95%CI -0.13 to -
0.01L). All the studies provided adjusted estimates. Overall, evidence was considered of
low certainty.

3.3.4] New-onset asthma (post-natal exposure)

The SR identified 16 studies examining the impact of post-natal ETS (combustion
smoke) on the risk of new-onset asthma (Table S3B). The metanalysis of 13 studies
(Figure S1E) reporting adjusted estimates shows that post-natal ETS increases the risk
of new-onset asthma (OR=1.12; 95%CI=1.01-1.24; PP=47.9%; Q Cochran test p-
value=0.007) (moderate certainty evidence). Stronger associations were observed when
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both parents smoked (OR=1.20; 95%CI=1.09-1.32; FP=0%; Q-Cochran test p-
value=0.956) compared to the risk provided by only the mother smoking (OR=1.07;
95%Cl1=0.83-1.38; F?=62%; Q-Cochran test p-value=0.006) or the father smoking
(OR=1.05; 95%CI=0.96-1.14; ’=0%; Q-Cochran test p-value=0.775) (Figure S1F).

3.3.5| Recurrent wheezing (post-natal exposure)

Seventeen studies examined the impact of post-natal ETS (combustion smoke) on the
risk of recurrent wheezing (Table S3B). Pooled data from 10 studies providing adjusted
estimates (Figure S1G) showed that postnatal ETS increases the risk of recurrent
wheezing (OR=1.15; 95%CI 1.04-1.27; PP=29.7%; Q-Cochran test p-value=0.155)
(moderate certainty evidence). The pooled estimate was consistent with the findings from
the other 2 studies not included in the meta-analysis (57, 70). A significant association
was observed when both parents smoked (OR=1.19; 95%CI=1.11-1.29; P=0%; Q-
Cochran test p-value=0.820) or when only the mother smoked (OR=1.36; 95%CI|=1.06-
1.74; I’=56.8%; Q-Cochran test p-value=0.031) (Figure S1H).

3.3.6] Low lung function (post-natal exposure)

Four studies examined the impact of ETS (combustion smoke) on the risk of low lung
function. These studies used different effect size measures (MD, OR, and percent
changes) and lung function parameters (FEV1; FEV/FVC), which precluded from pooling
their results. One prospective cohort study (57) observed that, for each person smoking
indoors, ETS was associated with an average decrease in FEV1 of 0.30% (6.8 mL).
Another study (59) reported no significant detrimental effects on lung function from ETS
(effect estimates not reported). A third study (87) claimed that ETS had no significant
detrimental effects for absolute FEV1 or FVC in either sex. Parental smoking was,
however, reported to be associated with persistent, but mild and non-progressive
impairment of the FEV1/FVC ratio in males, but not in females. The fourth study
observed that maternal smoking (but not paternal smoking alone) produced a decline in
FEF 25-75 of -0.083 in younger boys (98). Overall, the certainty of evidence was
considered low.

3.3.7] New-onset asthma (combined pre- and post-natal exposure)

Ten studies examined the impact of pre- and postnatal ETS (combustion smoke) on the
risk of new-onset asthma (Table 3 C). The meta-analysis of 6 studies reporting adjusted
data (Figure S1I) shows that ETS may increase the risk for new-onset asthma (pooled
OR=1.49; 95%CI=1.12-1.99; ?=95.1%; Q-Cochran test p-value<0.001) (low certainty
evidence). Consistent results were observed when considering studies assessing the
impact of maternal smoking (OR=1.23; 95%CI=1.08-1.39; ’=55.9%; Q-Cochran test p-
value=0.026) but not for paternal smoking (OR=1.52; 95%CI=0.73-3.16; ’=98%; Q-
Cochran test p-value<0.001) (Figure S1J).

3.3.8| Recurrent wheezing (combine pre- and post-natal exposure)

Nine studies examined the impact of pre and postnatal exposure to ETS (combustion
smoke) on the risk of recurrent wheezing (table 3C). Pooled data from 8 studies (Figure
S1K) suggests that pre and postnatal exposure to ETS to combustion smoke increases
the risk of recurrent wheezing (pooled OR=1.46; 95%CI1=1.28-1.66; ’=64%; Q-Cochran
test p-value=0.007) (moderate certainty evidence). Consistent results were observed in
those studies assessing the impact of maternal smoking only (pooled OR=1.42;
95%Cl1=1.26-1.60; l’=28%; Q-Cochran test p-value=0.232) (figure S1L).
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3.4 | The impact of ETS (combustion smoke or e-cigarettes) on asthma-related
outcomes (Q2)

The evidence profiles and certainty of evidence for Q2 are summarized per outcome in
Table 3 and detailed in Figures S2A — S1I. All data refer to ETS to combustion cigarettes
as no study examined the impact of ETS to e-cigarettes on asthma-related outcomes.

3.4.1 | Severe asthma exacerbations

Four studies reported on severe asthma exacerbations defined as hospital admissions
(figure S2A). Three studies reported hospital admissions during the previous 12 months
(116, 117, 121), while one study examined hospital admissions during pregnancy (130).
Pooled data from the 2 studies providing adjusted estimates (Figure S2B) shows that
ETS may increase hospital admissions for asthma (OR=2.83; 95%CI=0.84-9.41; ’=50%;
Q-Cochran test p-value=0.158) (low certainty evidence). Consistent results were
observed for children and adults in the age subgroup analyses (Figure S2A).

Two studies reported on severe asthma exacerbations defined as one or more
emergency department (ED) visits over 12 months (118, 121). Both studies (Figure S2D)
show that ETS increases the risk for asthma-related ED visits (OR=3.06; 95%CI|=1.65-
5.68) (moderate certainty evidence). Consistent results were observed for children and
adults in the age subgroup analyses (Figure S2C).

3.4.2 | Asthma exacerbations (any definition)

Five studies (91, 115, 116, 126, 134) reported on asthma exacerbations defined in one
study based on the pulmonary index (oxygen saturation on room air, accessory muscle
use, inspiratory-to-expiratory flow ratio, degree of wheezing, heart and respiratory rate),
in another as a combined composite index (the need for oral prednisolone or high dose
ICS, or need for hospitalisation), while the other 3 studies provided no definition for
asthma exacerbations. Pooled data from the three studies reporting adjusted estimates
(Figure S2E) suggests that exposure to ETS increases the risk of asthma exacerbations
(OR=1.75; 95%CI=1.46-2.10; PP=0%; Q-Cochran test p-value=0.728) (moderate
certainty evidence).

3.4.3 | Asthma control

Ten studies examined the impact of exposure to ETS on asthma control (Table S4).
Asthma control was measured in most of the studies based on self-reported data, using
available Patient Reported Outcome Measures. Pooled data from five studies (Figure
S2F) showed that exposure to ETS increases the risk of uncontrolled asthma (OR=2.24;
95%CI=1.56-3.23; PP=0%; Q-Cochran test p-value=0.800) (moderate certainty of
evidence). The pooled estimate was supported by the findings from the other 5 studies
(82, 83, 87, 95, 98) not included in the metanalysis. Consistent results were obtained for
children and adults in separate pooled analyses according to participants’ age (Figure
S2F).

3.4.4 | Quality of life

Three studies assesed the impact of ETS on asthma-related QoL (117, 118, 126). Pooled
data from these 3 studies (Figure S2G, Table 3) suggests that ETS may have an impact
on asthma-related QoL (pooled MD =-0.90; 95%CI=-4.32;2.52; I’=47%; Q-Cochran test
p-value=0.153) (very low certainty evidence).

3.4.5 | Lung function (acute exposure)
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Six experimental studies (120, 124, 125, 128, 131, 132) evaluated the immediate impact
of ETS on lung function. A limited number of asthma patients were exposed in closed
rooms to tobacco smoke during 1-24 hours. Pooled data from 3 studies (Figure S2H)
suggests that acute exposure to ETS may have an impact on mean FEV1 (MD = -0.08
L; 95%Cl=-0.17;0.02; PP=0%; Q-Cochran test p-value=0.861) (very low certainty
evidence). The other 3 studies not included in the metanalysis reported inconsistent
results (Table 3).

3.4.6 | Lung function (long-term exposure)

Eight studies (112, 115, 122, 126, 127, 129, 130, 133) examined the impact of long-term
ETS on lung function (figure S2I, Table 3). Pooled data from 3 studies reporting adjusted
estimates indicates that long term exposure to ETS reduces mean predicted FEV1%
(pooled MD =-5.94%; 95%CI=-7.81; -4.07%; ’=0%; Q-Cochran test p-value=0.427)
(moderate certainty evidence). Three of the five studies not included in the meta-analysis
revealed similar decreases in FEV1 after long exposure to ETS, whereas a fourth study
(127) did not find a significant effect.

3.4.7 | Asthma well-controlled days
No study on the impact of ETS on asthma well-controlled days was identified.
3.4.8 | Asthma medication

Three studies (112, 116, 117) examined the impact of ETS on asthma rescue and
controller medication use. Outcomes were too heterogeneous to be pooled in a meta-
analysis, with evidence certainty being classified as “very low” (Table 3).

3.5 | The impact of active smoking (combustion or e-cigarettes) on asthma-related
outcomes (Q3)

The evidence profiles and certainty of evidence for Q3 are summarized per outcome in
Tables 4A and 4B and detailed in Figures S3 A —F.

3.5.1 | Severe asthma exacerbations (combustion cigarette smoking)

The SR identified 4 studies (99, 137, 149, 156) assessing severe asthma exacerbations
(defined as hospital admissions, ED visits, or number of urgent clinic visits). Pooled data
from the 3 studies providing adjusted estimates (Figure S3A) show that active smoking
increases the risk of severe asthma exacerbations (pooled RR=1.44, 95%CI1=1.02-2.03;
?=0%; Q-Cochran test p-value=0.734) (moderate certainty evidence).

One study (150) reported severe asthma exacerbations defined as a worsening of
respiratory symptoms for more than 24h and requiring treatment with systemic
corticosteroids for at least three days. This prospective cohort study followed 176 adults
with asthma and observed that more than half of current smokers (56%) had at least one
exacerbation per year requiring systemic corticosteroids, compared to 22% of non-
smokers. The mean number of exacerbations per year was also significantly different
between the groups, with current smokers group having significantly more exacerbations
per year compared to non-smokers (1.3 vs 0.5, respectively) (low certainty evidence).

3.5.2 | Asthma control (combustion cigarette smoking)

Nine studies assessed the impact of active smoking on asthma control (Table S5).
Pooled data from 4 studies reporting adjusted estimates (Figure S3B) show that active
smoking increases the risk of uncontrolled asthma (OR=2.67, 95%CI| =1.51-4.70;
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?=82.6%; Q-Cochran test p-value<0.001) (moderate certainty evidence). The observed
increased risk is supported by the findings of 5 studies not included in the meta-analysis
(122, 142, 146, 148, 152).

3.5.3 | Quality of Life (combustion cigarette smoking)

Four studies examined the impact of smoking asthma-related QoL (139, 144, 145, 152).
Pooled data from 2 of these studies (Figures S3C and S3D) indicated no significant
impact of active smoking on asthma-related QoL (pooled SMD=-2.53; 95%CI =-6.19;
1.13; P=96%; Q-Cochran test p-value<0.001) (moderate certainty evidence). The results
were broadly consistent with the results reported by the other 2 studies not included in
the meta-analysis.

3.5.4| Lung function (combustion cigarette smoking)

Eighteen studies examined the impact of active smoking on lung function (Table S4).
One study (157) provided adjusted estimates (Figure S3E) and suggested that active
smoking may decrease mean FEV1% (pooled MD = (MD= -6.23; 95%CI|=-11.28;-1.19)
(low certainty evidence), with this finding being broadly consistent with the results from
the studies not included in the meta-analysis.

3.5.5 | Lung function (electronic cigarette smoking)

A crossover placebo-controlled RCT examined the impact of a one-hour acute vaping
session of nicotine-free contaminant-free mixture of propylene glycol and glycerol using
a commercially available electronic cigarette on the pulmonary function and respiratory
mechanic of 10 patients with asthma (135). The experiment found no significant impact
of the one-hour vaping on lung function parameters (FEV1, FVC and FEV1/FVC) (low
certainty evidence) (Table 4B).

3.5.6] Asthma well-controlled days (combustion cigarette smoking)

The impact of active cigarette smoking on the frequency of asthma well-controlled days
was assessed in 2210 pregnant women with asthma ( 130). Significant differences
between non-smokers and smokers were observed on the mean number of symptomatic
days (69.3 vs 78.8), total night sleep disturbance (39.2 vs 48.4); and total days of
restricted activity (23.4 vs 26.8) (low evidence certainty) (Table 4).

3.5.7 | Asthma medication (combustion cigarette smoking)

A prospective cohort study enrolled 519 patients with asthma and examined the impact
of active cigarette smoking on asthma medication use (156). After 12 months follow-up
there were no significant differences between non-smokers and smokers on the
percentage of patients using asthma controllers (73.5% vs 79.5%) or reliever medication
(83.3% vs 85.3%) (low certainty evidence) (Table 4).

3.6. | Subgroup analyses

The results of the subgroup analysis have low credibility for all the outcomes assessed
(i.e., likely no impact modification) because chance is a very likely explanation of the
apparent effect (meta-regressions p value >0.05) and the meta-analysis included a small
number of studies.
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4 | DISCUSSION
4.1 | Main findings

Three SRs assessed the impact of smoking on the risk of new-onset asthma and on
asthma-related outcomes. Almost all studies provided data on combustion cigarettes
smoking, with only one study assessing the impact of electronic cigarettes on lung
function.

Overall, combined pre- and post-natal ETS (combustion cigarette) increased the risk of
new-onset asthma, of recurrent wheezing and of low-lung function. Pre-natal ETS may
increase the risk of new-onset asthma and of low lung function (low certainty evidence)
and increases the risk of recurrent wheezing (moderate certainty evidence). The post-
natal ETS increases the risk of new-onset asthma, especially when both parents smoked
(moderate certainty evidence). The risk of recurrent wheezing is also increased when
both parents or the mother are smoking (moderate certainty evidence). The risk of low
lung function following post-natal ETS is controversial. Combined in utero and post-natal
ETS may increase the risk of new-onset asthma (low certainty evidence) and increases
the risk of recurrent wheezing (moderate certainty evidence). Consistent findings were
found when considering maternal smoking but not paternal smoking.

The second SR showed increased risk of severe asthma exacerbations (hospital
admissions and emergency department visits), impaired asthma control and decreased
lung function following ETS (combustion cigarette) (moderate certainty evidence). There
might be an impact on asthma-related quality of life (very low certainty evidence).

In the third SR, active smoking (combustion cigarette) was associated with increased
risk of severe asthma exacerbations and of suboptimal asthma control (moderate
certainty evidence) and may impact asthma-related quality of life and lung function (low
certainty evidence).

Although the search protocol aimed to examine the burden of both active and passive
exposure to e-cigarretes our systematic review found no studies that assesed the impact
of ETS to e-cigarettes on the risk of developing asthma or on asthma-related outcomes.
The only study that met the entry criteria was a crossover placebo-controlled RCT that
examined the impact of a one-hour acute vaping session in 10 patients with asthma that
provided low certainty evidence on the impact of this exposure on the pulmonary
function. E-cigarette emissions typically contain nicotine and other toxic substances that
are harmful to for active users or for those exposed passively, as they can increase the
risk of heart disease and lung disorders. Some products claiming to be nicotine-free have
been found to contain nicotine (10). Thus, our SR reveals an important knowledge gap
and calls for more high-quality research on the impact of e-cigarretes on lung health.

4.2 | Results in the context of previous research

Previous SRs had examined the impact of ETS (combustion or e-cigarette) on asthma
related outcomes(158-161), on the risk of new-onset asthma (159, 162-164), and the
effect of active smoking (combustion or e-cigarette) on asthma related outcomes in
adolescents or adults with asthma (159, 165).

Most of these previous SRs included cross-sectional studies, while our SR focused only
on longitudinal evaluations. In addition, studies in which smoking was not considered as
the primary exposure variable (i.e., studies including "smoking” as part of a wider group
of exposures, e.g., alcohol, air pollution, etc.) were not included, while other SR report
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on the combined exposure to allergen, ETS, poor air quality and unfuelled heaters (158)
or on psycho-social factors (161).

It is also worth noting that our SR included only studies in which “hand exposure to
smoking was the primary exposure variable”. This was an important criterion based on
which we excluded references that had been included in previous SRs.

In terms of effect estimates, all the results from the previous SRs are consistent with our
reports. The only relevant exception is the SR by Robijn et al (165) reporting a significant
impact of active smoking on the risk of asthma exacerbations (relative risk 1.35, 95% CI
1.04-1.75), whereas in our review we observed a minor effect (RR = 1.03, 95%CI = 0.79
to 1.35). We consider the focus on a specific subpopulation of pregnant women a good
explanation for the different result. In addition, the magnitude of ETS impact on asthma
exacerbations in Robjin’s SR should be judged in the context of possible interaction with
other significant risk factors identified by the SR such as maternal age, multiparity, black
ethnicity, depression/anxiety, obesity and asthma severity (165).

The risk of bias was generally aligned with the previous systematic reviews. Importantly,
it is not possible to directly compare our results of certainty of evidence assessment with
previous systematic reviews, because none of them formally assessed the certainty of
evidence using GRADE or any other equivalent method. In that aspect, our systematic
review offers novel information not previously reported.

One SR evaluated the impact of e-cigarettes on asthma-related outcomes and reported
a significant association between current e-cigarette use and asthma (pOR = 1.36, 95%
Cl1.21-1.52) and ever e-cigarette use and asthma (pOR = 1.24 95% CI 1.13-1.36) (166).
However, it included only cross-sectional studies and the heterogeneity and
inconsistencies between covariates limits the interpretation of the results.

4.3 | Limitations and strengths

Several strengths can be found in the current systematic review, including the application
of rigorous methods, such as the use of the GRADE approach to assess the certainty of
evidence. Furthermore, the questions and outcomes being assessed had been
prioritized by the GDG. The results are presented in the format of summary of findings
tables to optimally facilitate transparent communication between healthcare
professionals, patients, regulatory bodies, and other interested parties.

There are limitations to this systematic review as well. Although the absolute effects were
calculated versus the basal exacerbation rate, no subgroup or sensitivity analysis were
conducted based on the basal exacerbation rate. Only studies published in English were
included, although attempts were made to mitigate the potential for missing studies by
hand-searching through previously conducted systematic reviews and by incorporating
additional studies suggested by the GDG. One major limitation is that we included only
studies where smoking was the primary exposure and excluded studies where smoking
was a part of a wider group of exposures. Thus, we cannot provide data on the combined
impact of multiple exposures, like for example the interaction between aeroallergens and
ETS as described by Dick et al in their systematic review (158). We also exclude other
contributing factors to asthma severity like psycho-social factors, evaluated by Shahunja
et al in their SR (160). In addition, different from other SRs like SmokeHaz (159), we do
not report on other smoke-related co-morbidities, such as lung cancer, sleep apnoea or
of tuberculosis and other lower respiratory infections which might impact asthma severity
as co-morbidities. Similarly, for the risk of new-onset asthma our SR did not focus on the
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impact of ETS in the context of other risk factors such as atopic dermatitis, family history
of asthma and/or wheezing, or allergen sensitization as reported in the SR by Baol et al
(163). In addition, other combustible tobacco products (cigars, hookah/water pipes, pipe)
were excluded from this SR, although it was recently reported that they might increase
the risk of new-onset asthma (167). Another important limitation is that although asthma
controller medication was evaluated as an important asthma-related outcome we do not
report separate on the use and/or the dose or oral corticosteroids.

4.4 | Implications for policy, practice, and research

This SR confirms that pre- and post-natal or combined exposure to tobacco smoke in
various forms significantly increases the likelihood of children developing asthma,
recurrent wheeze or start their life with a low lung function. Our SR also supports the
profound impact of ETS or of active smoking on asthma-related outcomes with increased
risk of exacerbations, impaired asthma control and lung function.

Consequently, parents and families should prioritize the prevention of any tobacco
exposure, including among others good pregnancy habits, smoking cessation, and
improving air quality within homes and playgrounds, etc.

At the societal level it has become evident that a considerable part of the increase in
asthma prevalence worldwide is due to maternal smoking in pregnancy or due to early-
life exposure of children to environmental tobacco smoke acting through epigenetic
transgenerational effects (24,25,26,168). Thus, the decision-makers should implement
regulations to ensure a clean and healthy environment through prenatal education,
environmental preservation, smoking policy bans and comprehensive smoking cessation
programmes, advertising bans and information hazards on packaging, all specifically
aimed at safeguarding the well-being of healthy children and of patients with asthma. For
example Article 8 of the WHO Framework Convention on Tobacco Control and the
Guidelines for its implementation also call on all parties to prohibit smoking in outdoor or
quasi-outdoor places, appropriately-based on evidence as to the possible health
hazards. Sadly, the implementation of this regulation in low-and-middle income countries
is very much hampered by socio-economic and political reasons and thus we observe
an acceleration in asthma prevalence and severity in these countries.

It is well-established that tobacco cessation is a cost-effective measure and it has been
shown that smoking cessation impacts asthma patients’ overall health and physical
status, as well as their asthma prognosis (169). Thus, its impact on mitigating the
adverse effects of tobacco exposure on asthma-related outcomes should be further
thoroughly investigated.

Our SR shows that the direct evidence on the impact of tobacco smoke on asthma is low
to moderate certainty and a causal association cannot be claimed. In addition, there is
lack of progress in better understanding the smoker asthma phenotype due to the
exclusion of smokers and former smokers from most investigative studies and large
clinical trials.

Thus, better quality research is warranted to explore the causal association between
ETS and asthma-related outcomes. Increasing the quality of the evidence should involve
the implementation of standardized methods for assessing and documenting smoke
exposure, while distinguishing between parental and other household, occupational or
environmental sources of smoke. Objective measures of tobacco exposure, such as
urine and/or salivary cotinine measurements, should also be employed. Moreover,
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comprehensive studies with a sufficiently large sample size should employ validated
scoring systems to assess symptoms and utilize objective data through pulmonary
function testing.

As most of the studies focused on exposure to combustion cigaretts, while e-cigarettes
are frequently marketed as “a safer alternative”. Future studies investigating the causal
association between e-cigarette use and asthma are urgently needed.
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Table 1. Research questions and prioritization of outcomes for the systematic review

Research Question | Population Exposure Comparator Outcomes
Q1: Does pre- or | Healthy Environmental No exposure | Critical
post-natal or | children exposure to: _New-onset asthma
combined pre- and - Cigarette/pipe/other - Recurrent wheezing
post-natal ETS combustion smoking - Low lung function
(combustion or e- - E-cigarettes (FEV1)
cigarette) increase
the risk of new-onset
asthma?
Q2: Does ETS | Children or | Environmental No exposure | Critical
(combustion or e- | adults with | exposure to: - Severe asthma
cigarette) impact | asthma - Cigarette/pipe/other exacerbations (ED
asthma-related combustion smoking visits/hospitalizations
outcomes? - E-cigarettes or systemic steroid for
at least 3 days)
- Asthma control (ACT,
ACQ)
- Asthma-related QoL
- Lung function (FEV1,
FEV1/FVC, PEF)
Important
- Asthma well
controlled days
- Asthma rescue and/or
controller medication
Q3: Does active | Children, Active smoking of: No exposure Critical
smoking adolescents | - Cigarette/pipe/other -Severe asthma
(cigarette/pipe/other | or adults with | combustion smoking exacerbations (ED
combustion/e- asthma - E-cigarettes visits/hospitalizations
cigarette) impact or systemic steroid for
asthma-related at least 3 days)
outcomes? - Asthma control (ACT,

ACQ)

- Asthma-related QoL
- Lung function (FEV1,
FEV1/FVC, PEF)

Important

- Asthma well
controlled days

- Asthma medication

ACQ = asthma control questionnaire; ACT = asthma control test; ED = emergency department;
ETS = environmental tobacco smoke; FEV1: Forced expiratory volume in 1 second; FVC: Forced

vital capacity; PEF: Peak expiratory flow
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Table 2. Summary of findings for the impact of ETS (combustion smoke) pre- or post-natal or
combined on the risk of new-onset asthma.

Outcomes No. of studies Certainty of | Relative effect | Absolute effects
[Follow-up; evidence (95% CI) Risk compared with | Risk difference in the
years] (GRADE) no exposure* exposed group
New-onset 23 eeOOar OR 1.28 | 11.1% +27  per 1000
asthma (in utero | [median: 7; Low (1.18 to 1.39) (+17 to +37)
exposure) range: 1to 22)]
Recurrent 21 Sl 1ON OR 143 | 19.2% +62  per 1000
wheezing (in | [median: 6; Moderate (1.30 to 1.56) (+ 44 to +78)
utero exposure) range: 1to 24)]
Low lung | 3 11904 - Gilliland et al. examined in 5933 children longitudinal medical
function (in utero | [median: 6; Low history, tobacco smoke exposure, and lung function data and
exposure) range: 1to 24)] found that in utero exposure was associated with decrease in
[median: 7, FEV1 (-13.6%; 95%Cl: -18.9 to -8.2%) among boys and
range:7 to 8] decrease in FEV1/FVC (-9.3%; 95% ClI: -12.9 to -5.4%) among
girls.

- Henderson et al. observed in 6606 children that maternal
smoking during pregnancy was negatively associated with
maximal mid expiratory flow (FEF25-75) (-0.05 SD units,
95%Cl: -0.07 to -0.03), but no significant declines were
observed for FEV1.

- Sunde et al. examined prenatal tobacco exposure by maternal
smoking during the third trimester in 411 children enrolled in the
Copenhagen Prospective Studies on Asthma in Childhood 2000
birth cohort followed-up to the age of 7 years. The study
reported that prenatal tobacco exposure was associated with
decreased FEV1 (adjusted mean difference = -0.07 L, 95%CI: -
0.13 t0 -0.005 L).

New-onset 13 Il ION aOR 112 | 8.3% +9 per 1000
asthma  (post- | [median: 8; | Moderate (1.01 to 1.24) (+1to +18)

natal exposure) range:2 to 18]

Recurrent 10 oo (Of aOR 1.15 | 21.0% +24 per 1000
wheezing (post- | [median: 2; | Moderate (1.04 t0 1.27) (+7 to +42)

natal exposure) range:1 to 8]

Low lung | 4 ddOs - Fernandez-Plata et evaluated a prospective cohort study of
function  (post- | [median: 8; | Low 1632 boys and 1555 girls aged 8-17 years from Mexico City and
natal exposure) range:6 to 15] observed that for each person smoking indoors ETS was

associated with a decrease in FEV1 of 0.30% (6.8 mL). The
decrease was 0.41% (9.2 mL) for girls, and 0.17% (4.1 mL) for
boys.

- Gilliland et al. assessed 5,933 children and found no evidence
for impact of ETS on lung function (effect estimates not
reported).

- Sherrill et al. examined in ain a cohort of New Zealand children
from 9 to 15 years of age the impact of ETS on lung function
and reported no association with significant detrimental effects
for absolute FEV1 or FVC in either sex. Parental smoking was,
however, associated with persistent but mild and
nonprogressive impairment of the FEV1/FVC ratio in males but
not in females.

- Tashkin et al. analysed respiratory questionnaires and lung
function results obtained during field testing of residents in the
Los Angeles area and found that, among younger boys, residual
values were significantly lower in the maternal smoking
category than in the other 2 household categories (only father
smokes, and neither parent smokes). No differences were
noted between the paternal-smoking only and non-smoking
household categories. A trend toward similar results was found
in older boys. Among older girls, the FEF during the middle half
of the FVC and maximal flow after exhalation of 75% of FVC
were significantly lower in relation to maternal smoking.

New-onset 6 deOON aOR 1.49 | 6.0% +27 per 1000
asthma (in utero | [median: 4.2; | Low (1.12 10 1.99) (+7 to +53)

and post-natal | range:1.8 to 8]

exposure)
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Recurrent 8 Y@ aOR 1.46 | 23.5% +75 per 1000
wheezing (in | [median: 6; | Moderate (1.28 to 1.66) (+47 to +103)

utero and post- | range:1.5 to
natal exposure) 11]
Results are presented per the outcomes of interest (new-onset asthma, recurrent wheezing, low
lung function)

Cl: confidence interval; FEF: Forced expiratory flow; FEV1: Forced expiratory volume in 1
second; FVC: Forced vital capacity; OR: odds ratio; aOR: adjusted odds ratio

*Basal risk computed based on the mean proportion of events in the non-exposed group

a. Serious risk of bias: of the 23 studies included, one presented a very high risk of bias, 3 high
risk, 18 had some concerns and 1 low risk. Most frequent sources of bias were related to the
measurement of the ETS (self-reported in 32 of the studies), bias due to missing data (some
concerns in 19 studies and high/very high risk in 2 studies), and bias in the measurement of the
outcomes (some concerns in 24 studies that used self-reported measures). Only 2 studies (Wu
2014, and Wu 2019) did not adjust by confounding.

b. Serious inconsistency: large, unexplained heterogeneity (7=67.5%)

c. Serious risk of bias: of the 21 studies, 4 presented a high risk of bias, and 17 had some
concerns. The most frequent reasons for bias were: bias in the measurement of the outcomes
(some concerns in 18 studies due to the use of self-reported data), bias due to missing data (some
concerns in 12 studies), bias in the selection of participants into the study (some concerns in 6
studies, high risk in one study), and bias in the measurement of the exposure (some concerns in
18 studies due to use of self-reported data). In 8 studies recurrent wheezing was defined as
lifetime wheeze of more than three episodes; whereas in 13 studies the definition of recurrent
wheezing was unclear. Subgroup analysis indicated no effect differences between both types of
studies (defining recurrent wheezing as lifetime wheeze of more than three episodes vs unclear
definition).

d. Very serious risk of bias: two of the studies (Gillland 2003, Sunde 2022) presented some
concerns, and one (Henderson 2010) high risk of bias. The most commons sources of bias were
related to missing data (some concerns in all three studies), selection of participants (some
concerns in Gilliland 2003 and Sunde 2022), and bias due to potential confounding (high risk of
bias in Henderson 2010 and some concerns in Sunde 2022)

e. Serious risk of bias: of the 13 studies, one presented a high risk of bias, and the rest presented
some concerns. Most frequent sources of bias were related to the measurement of the outcomes
(some concerns in 12 of the studies), missing data (some concerns in 12 studies), selection of
participants (some concerns in five studies), and measurement of the exposure (some concerns
in 12 studies due to use of self-reported data).

f. Serious risk of bias: of the 10 studies, one presented a high risk of bias, one low risk of bias,
and the rest had some concerns. The most frequent risk of bias were related to bias in the
measurement of the outcomes (some concerns in 8 studies), missing data (some concerns in 6
studies), selection of participants (potential selection bias in 2 studies with some concerns and 1
with a high risk of bias), and measuring the ETS (some concerns in 9 studies due to use of self-
reported data). Only 6 studies provided a clear and valid definition of recurrent wheezing, but the
results were consistent with those from the studies not providing a clear definition.

g. Very serious risk of bias: of the 4 studies, one presented a very high risk of bias, (Sherrill 1992)
one high risk of bias (Fernandez-Plata 2016), and 2 some concerns (Gillland 2003, Tashkin
1984). The most frequent sources of bias were related to missing data (two studies with a high
risk of bias - Fernandez-Plata 2016; Sherrill 1992), and risk of bias measuring the exposure (self-
reported in the four studies). In addition, Sherrill (1982) presented some concerns in bias due to
confounding.

h. Serious risk of bias: 6 studies presented some concerns. The most frequent sources of bias
were related to measurement of the outcomes, missing data, and measurement of exposure.

i. Serious inconsistency: large unexplained heterogeneity (/=95%)

j- Serious risk of bias: the 8 studies presented some concerns. The most frequent reasons were
related to measurement of the outcome and of the exposure (self-reported in the 8 studies), and
missing data (some concerns in four 4 studies). Only 3 studies provided a valid definition of
recurrent wheezing, but the results were consistent with those from studies not providing a clear
definition.
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Table 3. Summary of findings for the impact of post-natal ETS (combustion smoke) on asthma-

Allergy

related outcomes in children and in adults with asthma

Outcomes No. of studies | Certainty of | Relative Anticipated absolute effects
[Follow-up] the evidence | effect Risk compared with | Risk difference in the
(GRADE) (95% ClI) no exposure* exposed group
Severe asthma | 2 @000 | aOR 2.83 | 6.1% +94 per 1000
exacerbations [12 months] Low (0.84 to (-9to +318)
(hospital admissions) 9.41)
Severe asthma | 2[12 months] | @pdO° OR 3.06 | 11.5% +170 per 1000
exacerbations  (ED Moderate (1.65 to (+ 62 to +310)
visits) 5.68)
Asthma 3 opp(d aOR 1.75 | 39.3% +138 per 1000
exacerbations  with | [median: 12 | Moderate (146 to (+ 93 to +183)
no clear definition months; 3 2.10)
months to 7
years)]
Asthma control 5 oedOe aOR 2.24 | Not reported -
[median: 12 | Moderate (1.56 to
months; 2 3.23)
weeks to 3
years]
Quality of life 3 aOOOfeh | - - MD -0.9 (- 432 to
[median: 12 | very low +2.52)
months; 24
weeks to 4
years]
Lung function (acute | 3 eOOON - - FEV1 MD -0.08 liters
exposure) [median: 2 | Very low (-0.17 to +0.02)
hours; 54
minutes to 3
hours]
Lung function (long- | 3 ISl 1@) - - FEV1% predicted
term exposure) [median: 36 | Moderate aMD -5.94 (-7.81 to -
months; 3 4.07 lower)
months to 6
years]
Asthma medication | 3 OO0~ - Boskabady 2022: No significant differences in the amount
use (rescue and | [median: 3 | Very low of asthma medication use between children with asthma
controller) years; 2 years from smoker parents and children from non-smoker
to 5 years] parents.

- Eisner 2001: Significant extra bronchodilator use among
those exposed to ETS (OR= 8.1; 95%CI = 1.3 to 50.0)

- Eisner 2002: After acute exposure to ETS during travels,
55% of the subjects indicated extra inhaled asthma
medication use. There were no differences in asthma
medication use by regular ETS exposure status

* Basal risk computed based on the mean proportion of events in the not exposed group

aOR: adjusted odds ratio CI: confidence interval; ETS: Environmental tobacco smoke; FEV1:

Forced expiratory volume in the first second; MD: mean difference; OR: odds ratio

a. Serious risk of bias: two studies presented "some concerns" due to bias arising from missing
data and lost to follow-up (Eisner 2005), and from self-reported ETS exposure and self-reported

outcome (Eisner 2002).
b. Serious imprecision: wide confidence intervals

c. Serious ROB: 2 studies presented "some concerns" due to self-reported ETS exposure, and

self-reported outcome (Eisner 2002). One study presented a low ROB (Gerald 2009)

d. Serious risk of bias: all 3 studies presented "some concerns" due to missing data, self-reported
outcomes (Sunde 2022), confounding and selection bias (Sutaryono 2019), selection bias and

bias related to missing data (Chilmonczyk 1993).

e. Only one study (Gerald 2009) presented a low risk of bias. Jassal 2020 and Butz 2011
presented a high risk of bias due to issues with randomization and blinding. The overall risk of
bias in the rest of the studies was rated as "some concerns", mainly due to missing data (all), and

self-reported outcome measurement (Eisner 2002 and Eisner 2005)

f. Very serious risk of bias: nonresponse bias is concerning in Eisner 2005. Bias arising from self-

reported exposure status is high in Eisner 2002.
g. Serious inconsistency: inconsistent results observed across studies
h. Wide confidence intervals due to inconsistent results
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i. Very serious risk of bias: high risk of bias in Keogan 2020 and Magnussen 1993 due to problems
with randomization. Moderate risk of bias for Nowak 1997 due to unclear reporting.

j- Serious risk of bias: the studies presented "some concerns" due to measures of exposition and
outcomes being based on self-reported information. Additionally, Chilmonczyk 1993 and Grarup
2014 were at risk of selection bias.

k. Extremely serious risk of bias: Boskabady 2022 presented a high risk of bias due to a lack of
adjustment for confounding factors and potential selection bias. Eisner 2001 presented a high risk
of bias due to selection bias and Eisner 2002 due to recall bias and missing data.

I. Serious inconsistency: inconsistent results were observed across studies, with one observing
an effect, another one reporting lack of effect, and the third one focusing on acute exposure.
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Table 4A. Summary of findings for impact of active smoking (combustion) on asthma-related

outcomes in adolescents or adults with asthma

[median: 6 months; 3 | Low
months to 12 years]

Outcomes No. of studies Certainty of | Relative effect Anticipated absolute effects
[Follow-up] the evidence | (95% CI) Risk  compared | Risk difference in
(GRADE) with no exposure* | the exposed group
Severe asthma | 3 oeaO? aRR 1.44 | 28.4% +125 per 1000
exacerbation [median: 4 years; Moderate (1.02 to 2.03) (+ 6 to + 293)
(hospitalisation  or | 1 to 15 years]
ED visit for asthma)
Severe asthma | 1 opOOrpe Tiotiu et al reported a higher frequency of exacerbations in
exacerbation [not reported] Low current smokers (56%) than in non-smokers (22%) [RR 2.53;
(systemic 95%CI 1.60 to 4.01], as well as a higher mean number of
corticosteroids for at exacerbations during the previous year in current smokers
least three days) (1.3; SD: 0.2) than in former (0.6; SD: 0.8) and nonsmokers
(0.5; SD: 0.1).
Asthma control 4 LIElION aOR 2.67 | 27.0% +227 per 1000
[median: 2 years; Moderate (1.51t0 4.70) (+ 88 to +365 more)
3 months to 10 years]
Quality of Life 2 oedO° - - SMD -2.53 (-6.19 to
[3 and 4 months] Moderate +1.13)
Lung function 4 LSOO - - MD -6.23

(-11.28 to -1.19)

Asthma well | 1 opO0O" In 2010 pregnant women with asthma, Newman et al
controlled days [not reported] Low observed significant differences between smokers and non-
smokers in:
- Mean total number of symptomatic days (78.8 vs 69.3)
- Mean total number of nights with sleep disturbance (48.4 vs
39.2)
- Mean total number of days with restricted activity (23.4 vs
26.8,).
Asthma medication | 1 OO0 In a prospective cohort study involving 519 patients with
(rescue and | [12 months] Low asthma, no significant differences were observed at 12
controller) months follow-up between non-smokers and smokers in the

proportion of patients using controller medication (73.5% vs
79.5%) or reliever medication (83.3% vs 85.3%).

Table 4B. Summary of findings for impact of active smoking (e-cigarette) on asthma-related

outcomes in adults with asthma

Lung function | 1 o0
(electronic cigarette | [1 hour] Low
smoking)

A placebo-controlled crossover trial investigating the impact
of a 1-hour acute vaping session of nicotine-free and flavour-
free e-liquid on the pulmonary function of 10 asthmatic
individuals found no significant differences in any of the lung
function outcomes examined:

- FEV1: pre-post difference of 0.014 (0.013 to 0.015) in the
intervention group vs -0.01 (-0.01 to — 0.01) in the placebo
group;

- FVC: pre-post difference of -0.069 (-0.070 to -0.068) in the
intervention group vs -0.05 (-0.05 to -0.05) in the placebo
group

- FEV1/FVC: pre-post difference of 1.550 (1.516 to 1.584) in
the intervention group vs -1.10 (-1.13 to -1.11) in the placebo

group.

aOR: adjusted odds ratio; CI: confidence interval; MD: mean difference; OR: odds ratio; RR: risk

ratio; SMD: standardised mean difference;

* Basal risk computed based on the mean proportion of events in the not exposed group
a. Serious risk of bias: all three studies had some concerns in relation to the risk of bias derived
from potential selection bias (Murphy 2010, Colak 2015), missing data (Colak 2015), and self-

reported outcomes (To 2012).

b. Serious risk of bias: concerns of risk of bias due to self-reported smoking status, an unclear
method for selecting the study participants (potential selection bias), and unclear information

about missing data.

c. Serious imprecision: small sample size, leading to imprecise estimates
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d. Three of the four studies presented some concerns due to potential selection bias (Tiotiu 2021),
and self-reported outcomes (To 2012 and Westerhof 2014). One study (Polosa 2011) presented
a high risk of bias due to the measurement of the outcome and smoking status (self-reported), as
well as concerns about selection bias, and missing data.

e. Very serious risk of bias: Jang 2010 rated as "some concerns" due to potential selection bias,
(the study randomized participants to smokers and quitters without further description) and
confounding bias. Tennesen 2004 rated as "high risk of bias" due to missing data (>50%
withdrawal rate in the intervention group) and confounding bias.

f. Serious risk of bias: Vignoud 2011 presented some concerns due to loss to follow-up and
reporting the exposure.

g. Serious imprecision: wide confidence intervals

h. Very serious risk of bias: risk of confounding bias (unadjusted estimates), and selection bias
(unclear method of selecting participants).

i. Very serious risk of bias: due to bias arising from self-reported exposure and outcome
measurement.

j- Serious indirectness: only acute effect is measured (1 hour exposition)

k. Serious imprecision: very small sample size (10 participants).
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Figure 1. PRISMA flowchart illustrating study selection

Identification

Screening

Included

Records identified from:
Systematic reviews (n=20)

Records identified from:
Databases (n=8,458)

Records removed before screening:
Duplicate records (n=729)

A

Records screened:
(n=7749)

A 4

(n=350)

Records sought for retrieval:

A A

Records excluded:
(n=7399)

Y

(n=350)

Records assessed for eligibility:

Reports not retrieved:
(n=0)

Overall included

(n=113)
\J A 4 Y
Included inQ1: Included in Q2: Included in Q3:
(n=67) (n=24) (n=25)

A 4

Reports excluded:
Wrong language (n=5)
Wrong publication type (n=41)
Wrong study design (n=54)
Other reasons (n=137)
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Supporting information

Figure S2A. The impact of ETS (combustion smoke) on the risk of severe asthma exacerbations
(defined as hospital admissions) - overall * and stratified by age

Odds Events, Events, %
Study ratio (95% CI) Treatment Control  \yeight
1
1
Age =18 years 1
1
1
Eisner 2002a (hospital admissions) . * 660 (1.31,33.25) 14.27
1
1
Eisner 2005 (hospital admissions) —_ 1.80 (0.81, 4.00) 2928

Newman 2010(hospital admissions) —

Subtotal (-squared = 65.5%, p = 0.055) <C> 1.72 (076, 3.89) 8254

102(068,154) 43/97  747/1704 3899

Age <18 years

Gerald 2009 (hospital admissions) + 3.51(0.88, 14.00) 9112 35/76 17.46

Subtotal (-squared =.%, p=.) ‘<‘.> 351 (0.88, 14.00) 17.46

195 (0,93, 4.10) 100.00

Overall (-squared =81.68%, p=0.050) 4

NOTE: Weights are from random effects analysis

T I T
5 1 2 4 6 8

Not exposed to ETS Exposedto ETS

* Number of events by group not originally reported in two of the studies included (Eisner
2002a; Eisner 2005), and therefore not included in the Forest Plot.
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Figure S2B. The impact of ETS (combustion smoke) on the risk of severe asthma
exacerbations (defined as hospital admissions) - overall and adjusted for confounding

variables*

Study

Adjusted estimations
Eisner 2002a (hospital admissions)
Eisner 2005 {hospital admissions)

Subtotal (-squared = 49.8%, p = 0.158)

UNadjusted estimations
Gerald 2009 (hospital admissions)
Newman 2010{hospital admissions)

Subtotal (-squared = 64.6%, p = 0.083)

Overall (I-squared = 61.6%, p = 0.050)

NOTE: Weights are from random effects analysis

Odds

ratio (95% CI)

660 (1.31, 33.25)

1.80 (0.81, 4.00)

2.83 (0.84, 9.51)

351 (0.8, 14.00)

1.02 (068, 1.54)

1.58 (0.50, 5.02)

1.95 (0.93,4.10)

Events, Events, %

Treatment Control  yyeignt
14.27
20.28
42.55

9/t2 35/76 17.48

43/97 74711704 38.99

56.45

100.00

Not exposed to ETS

Exposed to ETS

* Number of events by group not reported in two of the included studies (Eisner 2002a; Eisner
2005), and therefore not included in the forest plot.

Figure S2C. The impact of ETS (combustion smoke) on the risk of severe asthma
exacerbations (defined as ED visits) - overall and stratified by age*

Study

Age 218 years

Eisner 2002a (ED visits)

Subtotal (I-squared =.%, p=".)

Age <18 years

Gerald 2009 (ED visits)

Odds

ratio (95% Cl)

2.80(1.21,6.47)

2.80(1.21,6.47)

3.40(1.35,8.53)

Vargas 2007 (ED visits)

Subtotal (I-squared = 4.6%, p = 0.306)

Overall (I-squared= 0.0%, p = 0.592)

NOTE: Weights are from random effects analysis

0.89(0.08,9.81)

2.80(1.11,7.07)

2.83(155,5.16)

Events, Events,,

Treatment Control

22/32 22/56

173 343/951

%

Weight

51.31

51.31

42.47

6.22

48.69

100.00

T
5]

NotexposedtoETS

Exposedto ETS
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* Number of events by group not originally reported Eisner 2002a, and therefore not included in

the forest plot. Right direction conveys increased risk of asthma exacerbations (therefore, this forest plot

indicates that exposure to environmental tobacco smoking is associated with increased risk of asthma

exacerbations).

Figure S2D. The impact of ETS (combustion smoke) on the risk of severe asthma

exacerbations (defined as ED visits) - overall and adjusted for confounding variables*

Study

Adjusted estimations

Eisner 2002a (ED visits)

Subtotal (I-squared=.%,p =.)

UNadjusted estimations

Gerald 2009 (ED visits)

Odds

ratio (95% CI)

2.80(1.21,6.47)

2.80(1.21,6.47)

3.40(1.35,8.53)

Vargas 2007 (ED visits)

Subtotal (l-squared =4.6%, p = 0.306)

Overall (I-squared=0.0%, p=0.592)

NOTE: Weights are from random effects analysis

0.89 (0.08, 9.81)

2.80(1.11,7.07)

2.83(1.55,5.16)

Events,

Events,,

Treatment Control

22/32

13

22/56

343/951

%

Weight

51.31

51.31

42.47

6.22

48.69

100.00

5

Not exposed to ETS

Exposedto ETS

* Number of events by group not originally reported Eisner 2002a, and therefore not included in

the forest plot. Right direction conveys increased risk of asthma exacerbations (therefore, this forest plot

indicates that exposure to environmental tobacco smoking is associated with increased risk of asthma

exacerbations).
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Figure S2E. The impact of ETS (combustion smoke) on the risk of asthma exacerbations
(no clear definition) - overall and adjustmented by confounders *

Odds Events, Events,, o,
Study ratio (95%Cl)  Treatment Control VV€ight
i
Adjusted estimations ;
Chilmonczyk 1893 E —_—— 1.70(1.39,2.08) 2167
Sunde 2022 i + 1.79(0.92, 3.49) 12.56
l
Sutaryono 2019 ; - 217(1.23,3.83) 49/85 26/49 14.40
I
Vargas 2007 — . 1.09(0.80, 1.48) 19.76

1
|
Subtotal (I-squared = 59.7%, p = 0.059) O 1.56(1.15,2.10) 68.29

UNadjusted estimations

Eisner 2002

P

093(0.42,204) 3960 34/51 1065

Newman 2010 i

Subtotal (I-squared = 0.0%, p = 0.766) O:
Overall (I-squared = 81.7%, p = 0.000) <<> 131(0.92,1.85) 100.00
1
i
1
I
1

NOTE: Weights are fromrandom effects analysis

0.82(0.65,1.04) 146/365 644/1436 21.07

0.83(0.66, 1.04) 31.71

Notexposedto ETS Exposed to ETS

* Number of events by group not originally reported in three of the included studies (Sunde
2022; Vargas 2007; Chilmonczyk 1993), and therefore not included in the forest plot.
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Figure S2F. The impact of ETS (combustion smoke) on asthma control - overall and
stratified by age*

Odds %

Study ratio (95% Cl) Weight
.

Age <18 years i

Gerald 2008 —ol— 2.08(1.16,3.73) 39.16

Jassal 2020 - l 1.79(0.40,7.95) 599

Soussan 2002 — 2.94(1.11,7.81) 13.94

Subtotal (I-squared = 0.0%, p = 0.800) <> 2.22(1.38,3.57) 50.09

1
:
1
Age 218 years :
1
L
1
l

Eisner 2002a -+

1.50(0.58, 3.82) 15.19

Grarup 2014 —_— 2.90(1.41,5.95) 2572

Subtotal (I-squared = 16.6%. p = 0.274) <E> 2.24(1.19,4.21) 40.91
Overall (l-squared = 0.0%, p= 0.800) @ 2.24(1.56,3.23) 100.00

NOTE: Weights are from random effects analysis

T T T T
5 1 2 4 8

Not exposedtoETS Exposedto ETS

t Asthma control measured with Patient-Reported Outcome Measures.
* Number of events by group not reported in the included studies, and therefore not included in the forest
plot. Right direction conveys worse asthma control (therefore, this forest plot indicates that exposure to

environmental tobacco smoking is associated with worse asthma control).



Allergy

Figure S2G. The impact of ETS (combustion smoke) on asthma-related quality of life -

overall and stratified by age*

Study

Age218 years

Eisner 20022

Eisner 2005

Subtotal (1-squared =71.0%, p=0.063) <:>

'
'
'
'
1
Age <18 years |
1
|
1
Lang 2013 —]

I

Subtotal (Fsquared = %,p= ) <>
T

Oversl (-squared =46 7%, p= 0.163) <:>

NOTE: Weights are from random effects analysis

Mean

difference (35% CI)

440,00, 0.20)

2.45(-312,8.02)

116 (7.87,5.54)

-0.30(-3 44, 2.84)

-0.30(-3.44,2.84)

-0.90(4.32.252)

%

Weight

100.00

T T T
0 2 4 6

Exposedto ETS Not exposed to ETS

t Quality of life measured with Patient-Reported Outcome Measures.

* Mean quality of life scores by group not reported in the included studies, and therefore not included in the

forest plot. Right direction conveys better quality of life.

T
8

Figure S2H. The impact of acute ETS (combustion smoke) on lung function (FEV1) -

overall and stratified by age

FEV1: Forced expiratory volume (liters) in 1 second
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Study

ID FEV (liters in 1 sec.)
(95% Cl)

Age 218 years

Keogan 2020 + -0.22(-0.76,0.32)

Nowak 1997 * -0.11(-0.65,0.43)

Subtotal (I-squared = 0.0%, p = ov‘re;C} -0.16(-0.55,0.22)
‘

Age <18 years

Magnussen 1893 " -0.07 (-0.17,0.03)

Subtotal (I-squared = .%, p = .) ¢> -0.07 (-0.17,0.03)
I
:
2 I
:
<
:
:
:
I
I
‘
‘

Overall (I-squared = 0.0%, p=0.861) 4 -0.08(-0.17,0.02)

NOTE: Weights are from random effects analysis

N, mean

(SD); Treatment

30,2.79(1.1)
10,-.12 (.656)

40

13,-.12(.13)

13

53

N, mean %

(SD); Control Weight

30,3.01(1.05)2.94
10,-.01 (.567)2.01

40 5.95

13,-.05(.12) 94.05

13 94.05

53 100.00

T T T T
=1 -75 =5 -25 0
Exposedto ETS Not exposedto ETS
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Figure S2I. The impact of long-term ETS (combustion smoke) on lung function (FEV1%

predicted) (FEV1) — overall and adjusted by confounding factors

Study

UNadjusted estimations

|
Boskabady MH. 2022 —_—

|
Subtotal (l-squared = %, p =) <>‘

Adjusted estimations

Chilmonczyk 1993

Grarup 2014

Lang 2013

Subtotal (I-squared = 0.0%, p = 0.427)

Overall (l-squared = 53.5%, p = 0.092)

NOTE: Weights are from random effects analysis

&
<

FEV1 pred
Mean difference (95% CI)

-12.70 (-18 49, -6.91)

-12.70 (-18.49, -6.91)

-10.30 (-19.40, -1.20)

-4.40 (-7 95, -0.85)

-6.30 (-8.57,-4.03)

-5.94 (-7.81,-4.07)

-7.31 (-10.49, -4.13)

N, mean

(SD); Treatment

32,-46 (12.2)

32

30, 98.5 (22.3)

65, 86.7 (13.2)

259, 84.4 (10.7)

354

386

N, mean

(SD); Control

58,81 (15.4)

58

83, 109 (20.3)

288,911 (13.1)

259, 90.7 (15.3)

630

688
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%

Weight

18.91

1891

9.84
31.05
40.20

81.09

100.00

T
-15

T I
-10 -5

Exposedto ETS

NotexposedtoETS
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Figure S1A. Impact of in utero exposure to combustion smoking on the risk of new-onset
asthma (overall)

Odds %
Study ratio (95% Cl) Weight
) ) | -
Alati 2006 (girls) p—— 1.98(1.21,3.23) 1.73
Alati 2006 (boys) —e 1.02(0.62,1.69)  1.67
Bentouhami 2022 | ' ¢ 4.94(1.60,15.26)  0.46
Bjerg 2011 —_—— 1.38(1.02,1.87) 291
Braback 2018 (late-onset asthma) —— 1.00 (0.76, 1.31) 3.15
Braback 2018 (early persistant asthma) —— 1.17 (0.95, 1.45) 3.66
Carlsten 2012 (mother smokes) | 0.50 (0.17, 1.46) 0.50
Carlsten 2012 (other relatives smoke) _‘+ 0.90 (0.44, 1.84) 1.00
Cunningham 1996 | = __ 270 (1.13,6.45)  0.72
Den Dekker 2015 —— 1.65(1.07,2.55) 201
Henderson 2010 < 1.03 (0.96, 1.11) 4.76
Jaakkola 2001 ——— 1.10(0.79,1.53)  2.69
Jaakkola 2007 (Mothers smoking <= 10 cig/day during pregnancy) - 1.23 (1.07, 1.42) 4.30
Jaakkola 2007 (Mothers smoking > 10 cig/day during pregnancy) —— 1.35(1.12, 1.63) 3.87
Karmaus 2008 —— 117 (0.94,1.46)  3.60
Lannero 2006 —— 2.10(1.20, 3.69) 1.43
Magnus 2015 —_—— 1.26(0.93,1.70) 294
Magnusson 2005 | 0.80 (0.24, 2.63) 0.41
Moradzadeh 2018 — 1.28 (0.95, 1.72) 2.96
Neuman 2012 —— 1.65(1.18,2.31) 265
Rivas-Juesas 2021 ! —e 2.54 (1.63, 3.96) 1.96
Sunde 2022 —_—— 1.78 (0.94, 3.35) 1.20
Svanes 2016 (early asthma onset; only mother smokes) —— 1.14 (0.94, 1.38) 3.86
Svanes 2016 (late asthma onset; only father smokes) ——— 1.23 (0.78, 1.93) 1.92
Svanes 2016 (late asthma onset; only mother smokes) —r 0.79 (0.53, 1.17) 2.24
Svanes 2016 (early asthma onset; only father smokes) —— 1.37 (1.09, 1.72) 3.56
Tanaka 2008 <€ ¢ 0.36 (0.05,2.70)  0.15
Tanaka 2020 4 - 0.78(0.23,2.60) 0.41
Thacher 2014 (Mothers smoking >= 10 cig/day during pregnancy) —— 1.68 (1.23, 2.29) 2.84
Thacher 2014 (Mothers smoking < 10 cig/day during pregnancy) —_—— 1.19 (0.81, 1.75) 2.31
Thacher 2018 (Mothers smoking >= 10 cig/day during pregnancy) I_‘_ 1.66 (1.09, 2.53) 2.08
Thacher 2018 (Mothers smoking < 10 cig/day during pregnancy) s 1.03 (0.64, 1.66) 1.80
Wada 2021 (Mothers smoking>10 cig/day during pregnancy) — 157 (1.14,2.14)  2.81
Wada 2021 (Mothers smoking =< 10 cig/day during pregnancy) —_—— 1.39(1.15, 1.67) 3.92
Weitzman 1990 (Mothers smoking=1/2 pack per day during pregnancy) . s 2.10(1.33,3.31) 1.90
Weitzman 1990 (Mothers smoking<1/2 pack per day during pregnancy) —_—— 1.20 (0.69, 2.08) 1.49
Werhmeister 2015 (Only mother smoking; <=20 cigarettes/day) - 1.44 (1.27, 1.65) 4.38
Werhmeister 2015 (Both parents smoking) —— 1.21(0.98,1.49) 3.68
Werhmeister 2015 (Only mother smoking; >20 cigarettes/day) —— 1.47 (1.13,1.92) 3.20
Werhmeister 2015 (Only partner smoking) - 0.88 (0.78, 1.00) 4.42
Wu 2019 —— 1.51(1.05,2.18) 244
Overall (I-squared = 67.2%, p = 0.000) 0 1.30 (1.20, 1.41) 100.00
NOTE: Weights are from random effects analysis | :
| | |
1 2 4
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Figure S1 B. Impact of in utero exposure to combustion smoking on the risk of new-
onset asthma stratified by person smoking (mother/father/both/other relatives)

Odds %
Study ratio (95% Cl) Weight
Mother I 1

Alati 2006 (girls) ——— 1.98(1.21,323) 173

Alati 2006 (boys)

Bjerg 2011

Braback 2018 (late-onset asthma)
Braback 2018 (early persistant asthma)
Carlsten 2012 (mother smokes) - 0.50(0.17,1.46)  0.50
Cunningham 1996 2.70(1.13,6.45) 0.72

—_——
——
——
——
———
Den Dekker 2015 —— 1.65(1.07,2.55) 2.01
*
—_——
-
-
——
—_—
——

1.02(0.62,1.69) 167
1.38(1.02,1.87) 291
1.00(0.76,1.31) 3.5
1.17(0.95,1.45) 3.66

Henderson 2010 1.03(0.96,1.11) 4.76
Jaakkola 2001 1.10(0.79, 1.53)  2.69
Jaakkola 2007 (Mothers smoking <= 10 cig/day during pregnancy) 1.23(1.07,1.42) 4.30
Jaakkola 2007 (Mothers smoking > 10 cig/day during pregnancy) 1.35(1.12,1.63) 3.87

Karmaus 2008 1.17 (0.94, 1.46)  3.60
Lannero 2006 2.10(1.20,3.69) 1.43
Magnus 2015 1.26 (0.93,1.70) 2.94
Magnusson 2005 -- 0.80(0.24,2.63) 0.41
Moradzadeh 2018 —— 1.28(0.95,1.72) 2.96
Neuman 2012 —— 1.65(1.18,2.31) 2.65
Rivas-Juesas 2021 1 ——— 254 (1.63,3.96) 1.96
Sunde 2022 ————— 1.78(0.94,335) 120
Svanes 2016 (early asthma onset; only mother smokes) + 1.14 (0.94,1.38) 3.86
Svanes 2016 (late asthma onset; only mother smokes) — 0.79(0.53,1.17) 224
Tanaka 2008 L < n 0.36 (0.05,2.70) 0.15
Tanaka 2020 -— 0.78 (0.23,2.60) 0.41

Thacher 2014 (Mothers smoking >= 10 cig/day during pregnancy)
Thacher 2014 (Mothers smoking < 10 cig/day during pregnancy)
Thacher 2018 (Mothers smoking >= 10 cig/day during pregnancy)

1.68(1.23,2.29) 284
1.19(0.81,1.75) 231
1.66 (1.09,2.53) 2.08
1.03 (0.64,1.66) 1.80
157 (1.14,2.14) 281

——
——
———
Thacher 2018 (Mothers smoking < 10 cig/day during pregnancy) ———
Wada 2021 (Mothers smoking>10 cig/day during pregnancy) ———
Wada 2021 (Mothers smoking =< 10 cig/day during pregnancy) —— 1.39(1.15,1.67) 3.92
Weitzman 1990 (Mothers smokingz1/2 pack per day during pregnancy) —— 2.10(1.33,3.31) 1.90
Weitzman 1990 (Mothers smoking<1/2 pack per day during pregnancy) R s 1.20 (0.69,2.08) 1.49
Werhmeister 2015 (Only mother smoking; <=20 cigarettes/day) --- 144 (1.27,1.65) 4.38
Werhmeister 2015 (Only mother smoking; >20 cigarettes/day) —— 147(1.13,1.92) 320
Subtotal (I-squared = 62.6%, p = 0.000) o 1.32(1.21,1.44) 8252
1
——
——
I
I
I
I
I
—+.—

Father

Svanes 2016 (late asthma onset; only father smokes)
Svanes 2016 (early asthma onset; only father smokes)
Subtotal (I-squared =0.0%, p = 0.676)

1.23(0.78,1.93) 1.92
1.37 (1.09,1.72) 3.56
1.34(1.10,1.64) 548

Unclear/not reported
Bentouhami 2022
Subtotal (I-squared =.%, p =.)

- 4.94 (160, 15.26) 0.46
4.94 (160, 15.26) 0.46

Others (specify)

Carlsten 2012 (other relatives smoke) 0.90 (0.44, 1.84) 1.00

Werhmeister 2015 (Only partner smoking) -~ 1 0.88 (0.78, 1.00) 4.42
Subtotal (l-squared = 0.0%, p = 0.955) < 0.88(0.78,1.00) 5.43
Both
Werhmeister 2015 (Both parents smoking) —— 1.21(0.98,1.49) 3.68
Wu 2019 —— 151 (1.05,2.18) 244
Subtotal (I-squared = 10.1%, p = 0.292) <> 1.28 (1.05,1.57)  6.12

T
Overall (I-squared = 67.2%, p = 0.000) ¢ 1.30 (1.20, 1.41)  100.00
NOTE: Weights are from random effects analysis 1

1 2 4

10



Page 51 of 118

Study

Adjusted by canfounding
Bjerg 2011

Carlsten 2012 (any family member smokes)

Carlsten 2012 (only mather smakes)

Cunningham 1996

Den Dekker 2015{only mother smokes)

Den Dekker 2015(only father smokes)

Dezateux 1999

Duijts 2012

Fuentes-Leanarte 2015 (only mother smokes)
Fuentes-Leonarte 2015 (non-smoking mother but exposed to ETS)
Grazuleviciene 2014 (mothers with high educational level)
Grazuleviciene 2014 (mathers with low educational level)
Haberg 2007

Lannero 2006

Magnusson 2005

Neuman 2012

Rabison 2012

Scherman 2021

Spanier 2011

Tanaka 2008

Tanaka 2017

Vardavas 2016 {only mother smokes)

Vardavas 2016 (both parents smoke)

Vardavas 2016 (only father smokes)

Wada 2021 (mather smokes; <=10cigareltes/day}

Wada 2021 (mother smokes; =10 cigarettes/day)
Werhmeister 2015 (mother smokes >20 cig/day)
Werhmeister 2015 (mother smokes =<20 cig/day)
Subtotal (l-squared = 60.2%, p = 0.000)

NOT adjusted by confounding
Stein 1999

Wu 2019

Subtotal (l-squared = 90.2%, p =0.001)

Overall (lsquared = 63.3%, p = 0.000)

NOTE: Weights are from random effects analysis

Allergy

Odds
ratio (95% CI)

1.45(1.10, 1.91)
290 (1.06, 7.90)
3.50 (1.16, 10.52)
1.98 (0.56, 6.98)
146 (1.24,1.72)
112 (0.95,1.33)
320 (123, 831)
164 (116, 2.31)
1.41 (0.99, 2.01)
1.16 (0.91, 1.47)
1.26 (0.54, 2.93)
212(1.04,434)
1.22 (1.00, 1.49)
220 (1.36, 357)
1,60 (0.69, 3.69)
1.39(1.09, 1.78)
110 (061, 2.00)
283 (1.37, 5.83)
261(1.31,5.19)
1.49 (0.78, 2.86)
224(119,422)
1.33(1.01,175)
1,51 (1.25, 1.83)
1.11(1.03, 1.20)
1.44 (1.31,157)
167 (1.41,1.97)
1.31(0.74, 2.29)
1.25 (0.94, 1.66)
1.43 (131, 157)

220 (1.30,371)
0.75 (0.50, 1.12)
1.26 (0.4, 3.65)

1.43 (1.30, 1.56)

Figure S1C. Impact of in utero exposure to combustion smoke on the risk of recurrent
wheezing (overall)

%

Weight

462
0.74
0.62
0.49
6.34
6.24
0.81
n
3.60
513
1.00
133
576
244
1.02
5.02
179
1.3
142
1.57
1.63
462
5.87
7.56
7.39
6.29
1.95
449

9u.77

218
3.04
523

100.00

1
—_——
i +
T
——
——,
—_——
———
_—.—:-
>
—_—
——
T
——
——
——
B B = E—
D
———
—
-+
-
——
—_———————
4 ——
i
1
1
—_—
__.___4:
L
1
1
L
|

~
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Allergy

Figure S1D. Impact of in utero exposure to combustion smoking on the risk of recurrent

wheezing (stratified by person smoking)

Page 52 of 118

Odds %

Study ratio (95% Cl) Weight

I
Mother
Bjerg 2011 —— 1.45(1.10, 1.91) 462
Carlsten 2012 (only mother smokes) 4 3.50 (1.16, 10.52) 0.62
Cunningham 1996 . 3 1.98(0.56,6.98) 0.49
Den Dekker 2015(only mother smokes) —— 1.46(1.24,172) 6.34
Dezateux 1999 . + 3 20(1.23,831) 0.81
Duijts 2012 —_—— 64(1.16,2.31) 371
Fuentes-Leonarte 2015 (only mother smokes ) [ 1 41 (0.99,2.01) 360
Grazuleviciena 2014 (mothers with high educational level) 4 1.26 (0.54,293) 1.00
Grazuleviciena 2014 (mothers with low educational level) : ¢ 212(1.04,434) 133
Lannero 2006 — 220(1.36, 357) 244
Magnusson 2005 - 1.60 (0.69, 3.69) 1.02
Neuman 2012 ——— 1.39(1.09,1.78) 5.02
Robison 2012 —— 1.10 (0.61, 2.00) 1.79
Scherman 2021 : + 2.83(1.37.583) 1.31
Spanier 2011 I_‘_ 261(1.31,519) 142
Stein 1999 -— 220(1.30,3.71) 218
Tanaka 2008 —_— 1.49(0.78,2.86) 1.57
Tanaka 2017 ————— 224(119,422) 163
Vardavas 2016 (only mother smokes) —— 1.33(1.01,1.75) 482
Wada 2021 (mother smokes; »10 cigarettes/day) —— 1 67 (1.41,197) 629
Wada 2021 (mother smokes; <=10 cigarettes/day) - 413,157 739
Werhmeister 2015 (mother smokes =<20 cig/day) +—— 1 25 (0.94, 166) 449
Werhmeister 2015 (mother smokes >20 cig/day) ———— 1 31(0.74,229) 1.95
Subtotal (l-squared = 9.8%, p = 0.327) p 52 (1.41, 1.63) 65.64
Others (specify) :
Carlsten 2012 (any family member smokes) t +- 290(1.06,7.90) 074
Fuentes-Leonarte 2015 (non-smoking mother but exposed to ETS) — 1.16(0.91,1.47) 513
Subtotal (-squared = 67.0%, p = 0.082) '_ﬁ 1.60 (0.68, 3.78) 5.87
Father :
Den Dekker 2015(only father smokes) — 112(095,133) 624
Vardavas 2016 (only father smokes) - | 1.141(1.03,1.20) 756
Subtotal (l-squared = 0.0%, p = 0.925) O : 1.11(1.04, 1.19)  13.81

I
Both
Haberg 2007 —— 22(1.00,1.49) 576
Vardavas 2016 (both parents smoke) —_—— 1 51 (1.25,1.83) 587
Wu 2019 —_— 0.75(0.50, 1.12)  3.04
Subtotal (-squared = 79.5%, p = 0.008) ‘Q 1.17 (0.85, 1.60)  14.68

1
Overall (Lsquared = 63.3%, p = 0.000) Q 1.43(1.30,1.56)  100.00
NOTE: Weights are from random effects analysis :

I
1 2
Not exposed Exposed

12
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Figure S1E. Impact of postnatal exposure to ETS (combustion smoke) on the risk of
incident asthma (overall and adjusted by confounding factors)

Odds %

Study ratio (95% CI) Weight
Adjusted by confounding I !

Alati 2006 (boys) —— 1.10(0.81,1.50) 5.32
Alati 2006 (girs) :—0— 1.53(1.10,2.13) 488
Carlsten 2012 (other relatives smoke) —_—— 0.70(0.37,1.33) 178
Carlsten 2012 (mother smokes) —_—— : 0.30(0.12,0.78) 0.87
Claccio 2014 —_— 1.21(0.56.2.63) 126

Cunningham 1996
Dai 2016

099(0.78,1.25)  7.09
1.33(0.69, 2.58) 187
1.10(0.91,1.33) 8.43
120(0.84,1.71) 444
088(069,1.13) 672
Svanes 2016 (arly asthma onset; only mother smokes) 0.67(0.37,1.21) 206
Svanes 2016 (early asthma onsel; only father smokes) 1.01(0.49, 2.08) 144

g B
—ri
——
e
—_——
' T
——
Svanes 2016 (late asthma onset; only mother smokes) _O—I-e— 0.57(0.25, 1.30) 113
+
-+
-
+
|
—_—

Magnusson 2005
Neuman 2012
Ramadas 2007

Svanes 2016 (late asthma onset; only father smokes) 069(022,221) 080
105(0.96,1.14) 1193
119(1.06,1.33)  11.07

+ > 357(100,1273) 050
078(0.35,1.76)  1.16

Tabuchi 2015 (only father smokes)
Tabuchi 2015 (both parents smoke)

Tanaka 2008 (only mother smokes)
Tanaka 2008 (someone other than mother smokes)

Tanaka 2020 0.98(0.55,1.74) 213
Thacher 2014 (Both parents >= 10 cig/day) S —— 1.25(0.98, 1.68) 565
Thacher 2014 (Both parents < 10 cig/day ) T—— 1.27(0.92,1.76) 5.00
Zhang 2018 (moderale exposure level) -:—.— 1.34(1.00, 1.80) 563
Zhang 2018 (high exposure level) | —— 169(1.25,2.29) 544
Subtotal (-squared = 46.6%, p = 0.008) o 111(1.01,1.22) 96.21

NOT adjusted by confounding

Fergusson 1985 —_—— 1.04(0.66, 1.65) 308
McConnochie 1986 : + 2.21(0.77.6.37) 0.71
Sublotal (squared = 38 4%, p = 0.203) _]T 130(067,262) 379
T
1
Overall (I-squared = 44.1%, p=0.010) ¢ 112(1.02,1.22) 100.00
NOTE Weights are from random effecls analysis :
I I
1 2 4



Allergy

Figure S1F. Impact of postnatal ETS (combustion smoke) on the risk of new-onset

asthma (stratified by person smoking — mother, father, both, relatives, other)

Page 54 of 118

Qdds %

Study ratio (95% CI) Weight

|!
Mother
Alati 2006 (boys) —— 1.10(0.81,1.50) 5.32
Alati 2006 (girls) | I—O—— 1.53(1.10,213) 4.88
Carlsten 2012 (mother smokes) 4- 0.30(0.12,0.78) 087
Magnusson 2005 —— 1.10(0.91,1.33) 843
McConnochie 1986 + 221(0.77,6.37) 0.7
Neuman 2012 —— 1.20(0.84,1.71) 4.44
Svanes 2016 (early asthma onset; only mother smokes) —0——| 0.67 (0.37, 1.21) 206
Svanes 2016 (late asthma onset; only mother smokes) 4 T 0.57(0.25,1.30) 1.13
Tanaka 2008 (only mother smokes) * . g P 357(1.00,1273) 050
Subtotal (lsquared = 62.4%, p = 0.006) <? 1.07 (0.83,1.38) 28.35
Others (specify) :
Carlsten 2012 (other relatives smoke) —_—l 0.70(0.37,1.33) 178
Ciaccio 2014 4 1.21(0.56,263) 126
Ramadas 2007 —Q—: 0.88(0.69,1.13) 6.72
Tanaka 2008 (someocne other than mother smokes) >—r 0.78(0.35,1.76) 1.16
Tanaka 2020 = 098(055,174) 213
Zhang 2018 (moderate exposure level) e 1.34(1.00,180) 5863
Zhang 2018 (high exposure level) B 169(1.25,229) 544
Subtotal (lsquared = 60.4%, p = 0.019) <b 1.10(0.84,1.43) 2411

I

Unclear/not reported !
Cunningham 1996 —— 0.99(0.78,1.25) 7.09
Subtotal {l-squared = %, p=.) <> 0.99(0.78,1.25) 7.09
2 1
Both !
Dai 2016 ——I-O-— 1.33(069,258) 167
Fergusson 1985 —_— 1.04 (066, 1.65) 3.08
Tabuchi 2015 (both parents smoke) - 1.19(1.06,1.33) 11.07
Thacher 2014 (Both parents == 10 cig/day) —— 1.25(0.93,1.68) 565
Thacher 2014 (Both parents < 10 cig/day ) —t—tp—— 1.27(0.92,1.76) 500
Subtotal (l-squared = 0.0%, p = 0.956) {) 1.20(1.09,1.32) 2648
: 1
Father !
Svanes 2016 (early asthma onset; only father smokes) _*-}_ 101(049 208) 144
Svanes 2016 (late asthma onset; only father smokes) + 069(0.22,221) 060
Tabuchi 2015 (only father smokes) - 1.06(0.96,1.14) 1193
Subtotal (l-squared = 0.0%, p = 0.775) ) 1.05(0.96, 1.14) 13.97
Overall (l-squared = 44.1%, p = 0.010) 112(1.02,1.22)  100.00
NOTE: Weights are from random effects analysis :

| |

1 2

Not exposed Exposed

14
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Figure S1G. Impact of postnatal ETS (combustion smoke) on the risk of recurrent
wheezing (overall and adjusted by confounding factors)

Odds %

Study ratio (95% CI) Weight

Adjusted by confounding

Carlsten 2012 (only mother smokes) 1.30 (0.43, 3.96) 081

Carlsten 2012 (any family member smokes) —_ 1.70 (0.72, 4.00) 135

I
I
I
=
-
I
———
i
Ciaccio 2014 —_—t— 1.54 (0.60, 3.96) 1.1

Cunningham 1996 —— 1.06 (0.76, 1.47) 714
Dai 2016 —_— 111(059,209) 237
Haberg 2007 + 1.20 (1.11, 1.29) 2479
Hunt 2011 + 510 (0.96, 27.17) 037
Magnusson 2005 — 1.20(1.01, 1.42) 1592
Neuman 2012 —— 091(0.71,1.17) 10.50
Robison 2012 -f—l-o— 140(089,221) 424
Tanaka 2008 (someone other than mother smokes) —_—— 1.02 (0.69, 1.50) 552
Tanaka 2008 (only mother smokes) I f——————— 2.86 (1.21,6.74) 134
Vardavas 2016 - 1.06 (0.93, 1.21) 19.17
Subtotal (I-squared = 24.7%, p = 0.194) 0 115(1.05 125) 9464
:
NOT adjusted by confounding 1
McConnochie 1986 —;—0— 216 (0.97, 4.80) 154
Stein 1999 ';—-.— 1.80 (1.11,2.92) 3.82

Subtotal (l-squared = 0.0%, p = 0.701) 1.89 (1.25, 2.86) 536

Overall (l-squared = 34 5%, p = 0.092) 1.18 (1.07, 1.31) 100.00

NOTE: Weights are from random effects analysis

T

1
Not exposed Exposed

15
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Figure S1H. Impact of postnatal ETS (combustion smoke) on the risk of recurrent
wheezing (stratified by person smoking — mother/father/both/relatives/others)

Odds %

Study ratio (95% Cl)  Weight

T
Mother :
Carlsten 2012 (only mother smokes) 1.30(0.43,3.96) 0.81
Magnusson2005 - 1.20(1.01,1.42) 1592
McConnochie 1986 ————— 2.16(0.97,4.80) 1.54
Neuman 2012 — 0.91(0.71,1.17) 10.50
Robison2012 -—— 1.40(0.89,2.21) 4.24
Stein 1999 :—0— 1.80(1.11,2.92) 3.82
Tanaka 2008 (only mother smokes) :—0— 2.86(1.21,6.74) 1.34
Subtotal (I-squared = 56.8%, p=0.031) p 1.36(1.06,1.74) 38.18
. 1
Others (specify) :
Carlsten 2012 (any family member smokes) ——:—0-— 1.70(0.72,4.00) 1.35
Ciaccio 2014 ———— 1.54 (0.60,3.96) 1.11
Tanaka 2008 (someone other than mather smokes) —— 1.02 (0.69,1.50) 5.52
Vardavas 2016 - 1.06 (0.93,1.21) 19.17
Subtotal (I-squared =0.0%,p =0.621) T)I 1.07(0.95,1.21) 27.15
= 1
Unclear/not reported !
Cunningham 1896 —_—— 1.06 (0.76,1.47) 7.14
Hunt 2011 t + 5.10(0.96,27.17)0.37
Subtotal (I-squared = 69.3%, p=0.071) 1.86(0.43,8.14) 7.50
, :
Both -
Dai2016 —_—— 1.11(0.59,2.09) 2.37
Haberg 2007 + 1.20(1.11,1.29) 24.79
Subtotal (I-squared =0.0%, p =0.820) o 1.19(1.11,1.29) 27.16
" 1
Overall (I-squared =34.5%, p =0.092) 0 1.18(1.07,1.31) 100.00

1
NOTE: Weights are from random effects analysis :

] I |
1 2 4
Not exposed Exposed

16
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Figure S1l. Impact of combined pre and postnatal ETS (combustion smoke) on the risk of

new-onset asthma (overall and by adjustmented by confounders)

Study

Adjusted by confounding

Cunningham 1996

Harju 2016 (only mother smokes)

Harju 2016 (only father smokes)

Harju 2016 (both parents smoke)

Lannero 2006

Magnusson 2005

Neuman 2012

Svanes 2016 (late asthma onset; only mother smokes)
Svanes 2016 (late asthma onset; only father smokes)
Svanes 2016 (early asthma onset; only father smokes)
Svanes 2016 (early asthma onset; only mother smokes)
Wang 2008

Subtotal (l-squared = 94 8%, p = 0.000)

NOT adjusted by confounding

Neuspiel 1989

Subtotal (-squared = %,p=)

Overall (lsquared =94 7%, p = 0.000)

NOTE: Weights are from random effects analysis

Odds

ratio (95% CI)

0.96 (0.63,1.47)
159 (1.07,2.37)
301 (261,3.47)
394(3.18,4.88)
1.40 (0.94, 2.08)
1.10(0.93,1.31)
1.30 (1.00, 1.68)
1.13(0.91,1.41)
097 (0.72, 1.30)
117 (0.99,1.38)
1.48(1.28,1.70)
1.10 (0.80, 1.51)

1.45(1.10,1.91)

096 (0.76,122)
096 (0.76,1.22)

1.40(1.07,1.83)

%

Weight

6.88
704
8.17
793
705
8.08
775
7N
758
8.1
8.19
749
9217

783
783

100.00

Notexposed

Exposed

17
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Figure S1J. Impact of combined pre and postnatal ETS (combustion smoke) on the risk
of new-onset asthma (stratified by person smoking — mother/father/both/relative/other)

Study

Father

Harju 2016 (only father smokes)

Svanes 2016 (late asthma onset; only father smokes)
Svanes 2016 (early asthma onset; only father smokes)

Odds %
ratio (95% CI)  Weight

3.01(2.61,3.47) 8.17
0.97(0.72,1.30) 7.58
1.17(0.99,1.38) 8.11

Subtoetal (l-squared = 97.8%, p = 0.000) —:@ 1.52(0.73,3.16) 23.85
7] ]

Mother :

Harju 2016 (only mother smokes) —:0— 1.59(1.07,2.37) 7.04
Lannero 2006 -—?— 1.40(0.94, 2.08) 7.05
Magnusson 2005 - i 1.10(0.93, 1.31) 8.08
Neuman 2012 —0—:— 1.30(1.00,1.68) 7.75
Neuspiel 1989 —_— 0.96(0.76,1.22) 7.83
Svanes 2016 (late asthma onset; only mother smokes) ——0—: 1.13(0.91,1.41) 791
Svanes 2016 (early asthma onset; only mother smokes) —:0— 1.48(1.29,1.70) 8.19
Wang 2008 ——0—: 1.10(0.80, 1.51) 7.49

Subtotal (I-squared =55.9%, p = 0.026)

Unclear/not reported
Cunningham 1996
Subtotal (I-squared=.%.p=.)

Both

Harju 2016 (both parents smoke)
Subtotal (l-squared=.%,p =.)
Overall (l-squared = 94.7%, p = 0.000)

NOTE: Weights are from random effects analysis

1.23(1.08,1.39) 61.34

0.96 (0.63, 1.47) 6.88
0.96 (0.63, 1.47) 6.88

3.94(3.18,4.88) 7.93
3.94(3.18,4.88) 7.93

1.40(1.07, 1.83) 100.00
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Figure S1K. Impact of combined pre and postnatal ETS (combustion smoke) on the risk

of recurrent wheezing (overall)

Study

Cunningham 1996
Haberg 2007

Keil 2009
Lannero 2006
Magnusson 2005
Neuman 2012
Stein 1999
Vardavas 2016
Wang 2008

Overall (I-squared = 61.4%, p= 0.008)

NOTE: Weights are from random effects analysis

¢

Odds

ratio (95% Cl)

0.95(0.51,1.77)

1.22(1.11,1.34)

1.20(0.60, 2.40)

1.60(1.17,2.19)

1.50(1.29, 1.74)

1.25(1.09, 1.43)

2.30(1.40, 3.79)

1.74(1.38,2.19)

1.70(1.20, 2.40)

1.44(1.27,1.63)

%

Weight

9.65

17.77

18.55

Not exposed

Exposed

19
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Figure S1L. Impact of combined pre and postnatal ETS (combustion smoke) on the risk
of recurrent wheezing (stratified by person smoking — mother/father/both/relative/other)

Odds %

Study ratio (95% CI) Weight
Unclear/not reported ;
Cunningham 1996 % ] 0.95(0.51,1.77) 3.51
Subtotal (I-squared = %, p =) <>:“— 0.95(0.51,1.77) 3.51

I
) 1
Both :
Haberg 2007 — : 122 (1.11,1.34) 2079
Subtotal (I-squared = .%, p=.) < ! 122 (1.11,1.34) 20.79
A 1
Father :
Stein 1999 : ® 2.30(1.40,3.79) 5.07
Subtotal (I-squared = %, p = .) ——_  ——— 230(1.40,3.79) 5.07
; ;
Mother !
Keil 2009 + : 1.20(0.60,2.40) 2.93
Lannero 2006 — 1.60(1.17,2.19) 9.65
Magnusson 2005 —0— 1.50(1.29,1.74) 17.77
Neuman 2012 —0—: 1.25(1.09,1.43) 1855
Wang 2008 —_—— 1.70(1.20,2.40) 8.54
Subtotal (l-squared = 28.4%, p = 0.232) <> 142 (1.26,1.60) 57.45
& 1
Others (specify) :
Vardavas 2016 —B— 1.74 (1.38,2.19) 13.18
Subtotal (l-squared = %, p = .) el 1.74(1.38,2.19) 13.18

1
2 I
Overall (l-squared = 61.4%, p = 0.008) <> 1.44 (1.27,1.63) 100.00

1
NOTE: Weights are from random effects analysis 'l

T I
1 2 4
Not exposed Exposed
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Figure S3A. Impact of active smoking on the risk of severe asthma exacerbations -

overall and adjusted for confounders

Study

Adjusted estimations

Murphy 2010 (severe exacerbation)
To 2012 (ED visits)

Colak 2015 (severe exacerbation)

Subtotal (l-squared =0.0%, p = 0.734)

UNadjusted estimations
Newman 2010 (severe exacerbation)
Subtotal (l-squared =%, p=.)

Overall (-squared = 80.5%, p = 0.055)

NOTE: Weights are from random effects analysis

Risk

ratio (95% CI)

213 (0.66, 6.88)

1.22 (0.57,261)

1.44 (0.95,2.17)

1.44 (1.02,2.03)

0.79 (059, 1.05)

0.79 (059, 1.05)

1.15 (0.75,1.77)

‘Weight

10.40

1875

3248

61.63

3837

3837

100.00
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Figure S3B. Impact of active smoking on asthma control *

%

Study Odds ratio (95% CI) Weight
v
1

Adjusted estimations :
1

Polosa 2011 (>10 packs) : —— 13.38(4.57, 39.18) 12.62
'

Polosa 2011 (1-10 packs) _:—'0—' 5.51(1.73, 17.54) 11.76
1

Tiotiu 2021 —_—— 333 (111, 999) 1236
'

To 2012 —— : 143 (1.17,1.75) 2236
'
1

Westerhof 2014 —— ' 1.40(1.02, 1.92) 21.50
1

Subtotal (I-squared = 82 6%, p = 0.000) 267 (1.51,4.70) 80.60
unclear

Grarup 2014 4.50 (2.70, 7.50) 19.40

1
1
1
1
'
'
1
:
1
Sublotal (I-squared = %, p =) O 4.50 (2.70, 7.50) 19.40
1
1
1
'
'
1
1
1
L

Owerall (I-squared = 86 8%, p = 0.000) 3.07 (1.74, 5.41) 100.00

NOTE: Weights are from randem effects analysis

T T T T
5 1 2 4 8

Non-smokers Smokers

* Number of events by group not reported in the studies included, and therefore not included in
the Forest Plot.
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Figure S3C. Impact of active smoking on asthma-related quality of life

Study

Jang 2010 —_—

Tonnesen 2004

NOTE: Weights are from random effects analysis

Allergy

SMD in effect

size (95% Cl)

-4.46 (-5.81, -3.10)

0.72 (-1.20, 0.24)

2,53 (-6.19, 1.13)

N, mean

(SD); Treatment

22,145 (2.5)

50,.2(8)

157

N, mean

(SD); Control

10,24.7 (1.7)

27, 8(9)

338

Weight

48.51

51.49

100.00
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Figure S3D. Impact of active smoking on asthma-related quality of life in adults with
asthma - overall and adjusted for confounding variables

SMD in effect N, mean N, mean %
Study size (95% CI) (SD); Treatment (SD); Control Weight
T
1
1
!
UNadjusted estimations \
1
1
1
1
Jang 2010 —_— 1 -4.46 (-5.81,-3.10) 22,14.5(2.5) 10,247 (1.7) 4851
!
1
1
1
Tonnesen 2004 1 — -0.72(-1.20,-0.24) 50,.2(8) 27, 8(9) 5149
!
1
1
Subtotal (I-squared = 96.2%, p = 0.000) 1 — -2.53(+6.19,1.13) 72 37 10000
1
i
1
1
1
1
1
Overall (I-squared = 96.2%, p = 0.000) 1 — 253 (6,19, 1.13) 72 a7 100.00
1
1
1
1
1
!
NOTE: Weights are from random effects analysis |
1
I
T T

Figure S3E. Impact of active smoking on lung function (FEV1 % predicted) in patients
with asthma - overall and by stratified by age group

Study mean difference N, mean N, mean %

D (FEV1%) (95% CI)  (SD); Treatment(SD); Control Weight

Age 218 years

Jang 2010 —_— -27.00 (-31.03, -22.97)2, -7.9 (2.4) 10, 19.1 (6.3) 14.67
Shimoda 2016 7.00(-15.18,1.18) 52,12(17)  81,19(31) 11.35
Vignoud L 2011 (adults moderate/severe asthma) 270 (-4.88,-0.52) 19,-2(4.55) 54,.7(28) 1571
Vignoud L 2011 (adults mild asthma) 170 (-3.05,-0.35) 30,-3(35)  83,-1.3(2.31)16.00
Westergaard 2013 -1.80(-11.18,7.58) 20,0(158) 26, 1.8 (16.4) 10.38
Subtotal (I-squared = 97.1%, p = 0.000) -8.20 (-16.46,0.05) 143 254 68.12
Age <18 years

Vignoud L 2011 (children mild asthma) 2.30(1.41,3.19)  51,-22(2.33) 63,-45(252)16.11
Vignoud L 2011 (children moderate/severe asthma) 6.10 (-8.14,-4.06) 20,-3.2(3.18) 24,2.9 (3.74) 15.77
Subtotal (I-squared = 98.2%, p = 0.000) -1.85(-10.08, 6.38) 71 87 31.88

Overall (I-squared = 97.5%, p = 0.000) -6.23 (-11.28,-1.19) 214 341 100.00

NOTE: Weights are from random effects analysis
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Figure S3F. Impact of active smoking on lung function (FEV1% predicted) in patients with
asthma - overall and adjusted by confounding factors

Study N, mean N, mean %

D FEV (95% CI) (SD); Treatment(SD); Control Weight

Adjusted estimations

T
1
i

Vignoud L 2011 (children mild asthma) E - 2.30(1.41,3.19) 51,-2.2(2.33) 63,-4.5(2.52)16.11

Vignoud L 2011 (adults moderate/severe asthma) : —_— -2.70 (-4.88,-0.52) 19, -2 (4.55) 54,.7(28) 1571
'

Vignoud L 2011 (adults mild asthma) : - -1.70 (-3.05,-0.35) 30,-3(3.5) 83,-1.3 (2.31)16.00
1

Vignoud L 2011 (children moderate/severe asthma) —"— -6.10 (-8.14,-4.06) 20,-3.2(3.18) 24,2.9(3.74) 15.77

<:> 197 (-5.60, 1.66) 120 224 63.59

Subtotal (I-squared = 95.8%, p = 0.000)

UNadjusted estimations
Jang 2010 —_— -27.00 (-31.03, 22,9732, -7.9 (24) 10, 19.1 (6.3) 14.67
Shimoda 2016 —_— 7.00 (15.18,1.18) 52,12(17)  81,19(31) 11.35

Westergaard 2013

'
I
RN PR S
|
Subtotal (I-squared = 94.4%, p = 0.000) '<:> 12,31 (-29.47, 4.86) 94 17 36.41
|
'
N 1

-6.23 (-11.28,-1.19) 214 341 100.00

-1.80 (-11.18,7.58) 20,0(15.8)  26,1.8 (16.4) 10.38

Overall (I-squared = 97.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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Table S1. Search strategy in Medline (PubMed, 29/07/2022)

"Asthma"[Mesh] 138,399

asthma*[tiab] 174,688

wheez*[tiab] 15,156

cough™[ti] 12,206

#1 OR #2 OR #3 OR #4210,602

"Smoking"[Mesh] 158,173

"Tobacco Smoke Pollution"[Mesh] 14,271

"Tobacco Smoking"[Mesh] 5,548

"Smoking Devices"[Mesh] 15,668

10 cigarette*[ti] 28,085

11 e-cigarette[ti] 2,18

12 tobaccolti] 44,834

13 smokinglti] 65,714

14 (environment*[ti] OR secondhand]ti] OR "second hand"[ti]) AND (smok*[ti]) 4,084
15 (maternallti] OR pregnan*[ti] OR prenatal[ti] OR postnatal[ti] OR bedshare*[ti] OR
parent*[ti] OR early[ti] OR "Maternal Behavior"[Mesh]) AND (smok*[ti]) 6,881

O©COoONOOOPA,WN =

16 "in utero smoke"[ti] OR "in utero smoking"[ti] 7

17 "intrauterine smoke"[ti] OR "intrauterine smoking"[ti] 7

18 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR
#17 215,692

19 #5 AND #18 6,721

20 (randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR
placeboltiab] OR drug therapy[sh] OR randomly[tiab] OR trial[tiab] OR groupsJtiab]) NOT
(animals [mh] NOT humans [mh]) 4,789,828

21 #19 AND #20 1,714

22 #19 NOT #21 5,007

23 "Cohort Studies"[Mesh:NoExp] 316,217

24 "Follow-Up Studies"[Mesh] 686,391

25 "Prospective Studies"[Mesh] 633,873

26 "Comparative Study"[pt]1,911,324

27 "Case-Control Studies"[Mesh] 1,339,313

28 "Observational Study"[pt] 130,162

29 "Cross-Sectional Studies"[Mesh] 433,883

30 cohort[tiab] 705,107

31 compare*[tiab] 4,532,523

32 prospective*[tiab] 817,202

33 propensity[tiab] 80,626

34 "case control"[tiab] 146,378

35 case[tiab] AND control[ti] AND match*[ti] 2,011

36 "cross sectional"[ti] 76,536

37 #23 OR #24 OR #25 OR #26 OR #28 OR #30 OR #31 OR #32 OR #33 7,116,531
38 #22 AND #37 2,051

39 #19 NOT (#21 OR #38) 2,956

40 #27 OR #34 OR #35 1,385,552

41 #39 AND #40 190

42 #19 NOT (#21 OR #38 OR #41)2,766

43 #29 OR#36 454,944

44 #42 AND #43 332

45 #21 OR #38 OR #41 OR #44 4,287
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Table S2. Search strategy in EMBASE (embase.com, 29/07/2022)

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12

‘asthma'/exp AND [embase]/lim 258820

asthma™:ti AND [embase]/lim 117951

#1 OR #2 261143

'smoking and smoking related phenomena'/exp AND [embase]/lim 433997
'smoking'/exp AND [embase]/lim 390182

'tobacco smoke'/exp AND [embase]/lim 13506

'smoking device'/exp AND [embase]/lim 11022

cigarette*:ti AND [embase]/lim 26056

'e-cigarette™':ti AND [embase]/lim 2959

tobacco:ti AND [embase]/lim 29807

smoking:ti AND [embase]/lim 59403

(environment*:ti OR secondhand:ti OR 'second hand':ti)) AND smok*:ti AND

[embase]/lim 3784

#13

(maternal:ti OR pregnan*:ti OR prenatal:ti OR postnatal:ti OR bedshare*:ti OR parent*:ti

OR early:ti) AND smok*:ti AND [embase]/lim 6367

#14
#15
#16
#15
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
#37
#38
#39

'maternal behavior'/exp AND smok*:ti AND [embase]/lim 377

('in utero smoke"ti OR 'in utero smoking"ti) AND [embase]/lim 20

#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
448723

#3 AND #16 20073

(compare:ti,tt OR compared:ti,tt OR comparison:ti,tt) AND [embase]/lim 478785
((controlled NEAR/8 (study OR design OR trial)):ti,ab,it) AND [embase]/lim 365277
‘cohort analysis'/exp AND [embase]/lim 812933

'‘prospective study'/exp AND [embase]/lim 674175

‘comparative study'/mj AND [embase]/lim 15401

cohort*:ti,ab AND [embase]/lim 1180726

propensity:ti,ab AND [embase]/lim 97725

prospective*:ti,ab AND [embase]/lim 1137620

‘controlled study'/mj AND [embase]/lim 7038

#18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 3023103
#17 AND #27 4693

#17 NOT #28 15380

'case control study'/exp AND [embase]/lim 152475

‘case control*ti,ab,tt AND [embase]/lim 174195

#30 OR#31 212623

#29 AND #32 475

#17 NOT (#28 OR #33) 14905

‘cross-sectional study'/exp AND [embase]/lim 355931

‘cross sectional':ti,ab AND [embase]/lim 481037

#35 OR#36 553646

#34 AND #37 1745

#28 OR #33 OR #38 6913
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Table S3. Characteristics of individual studies included in the SR on the effect of ETS (combustion or e-cigarette) on the risk of new-onset asthma

Study

A. Pre-natal environmental exposure to smoking

Study design

Accordini 2018 Cohort study

Alati 2006

Bentouhami
2022

(prospective)

Cohort study
(prospective)

Cohort study
(prospective)

Country/
Continent

Australia;
Belgium;

Denmark;

Estonia;
France;

Germany;
Iceland; Italy;

Norway;
Spain;
Sweden;
United
Kingdom

Australia

Belgium

Study Mean follow
period up time
1991-2013 Not reported
1981-1984 14 years
1997-not 7 years
reported-

Study aim

To examine the
pattern of
associations
between tobacco
smoking and asthma
across three
generations
(grandparents,
parents, offspring),
during different
developmental
stages within those
generations

To evaluate the link
between maternal
smoking during
pregnancy and
parental smoking
soon after birth and
the development of
asthma symptoms in
adolescence

To assess whether
the relationship
between current
asthma occurrence in
children and recent
ETS exposure is
modified by perinatal
exposure to ETS

Selection criteria

Subjects who had 8858
participated in

ECRHS | and IlI,

and who had

reported at least

one offspring at

the ECRHS 1lI

clinical interview

Birth cohort study 3915
of mothers and

children enrolled

at the first

antenatal visit at a

single hospital.

Children of a 156
cohort study in

the province of

Antwerp

(Belgium)

Number of
participants

Age %
(mean, wome
SD n

Offspring 50
in

maternal

line: 26

years;
Offspring

in

paternal

line: 24

years

14 48

48 25.6
months

(30

months)

28
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Bjerg 2011 Cohort study Sweden 1996 -2001 4 years To study the School childrenin 3389 NR 49
(prospective) independent and first and second
joint effects of grade (aged 7-8
prenatal smoking years) in 3
and low birth weight municipal areas
on childhood asthma. (Kiruna, Lule3,
and Pited) in
northern Sweden.
Braback 2018 Cohort study Swedish 1982-2005 6 years To investigate Women who gave 10329 NR 48,5
(prospective) whether the sex of birth to a child
the exposed parent between 1982
and/or grandchild and 1986 and
modifies the their children
association between  were identified
grand maternal from the Medical
smoking and Birth Register,
grandchild asthma and for whom
there was full
information on
smoking habits in
early pregnancy
for mothers,
maternal and
paternal
grandmothers
Carlsten 2012 Cohort study Canada NR 7 years To compare Having, according 545 NR NR
(prospective) questionnaire-based  to parental report,

ETS estimates with
bio-markers of ETS
on associated risk for
recurrent wheeze,
physician-diagnosed
asthma, and
measures of
bronchial
hyperresponsiveness

at least one first-
degree relative
with asthma or
two first-degree
relatives with
other IgE-
mediated allergic
disease (atopic
dermatitis,
seasonal or
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
perennial allergic
rhinitis, or food
allergy).
Cunningham Cross-sectional USA and 1988-1990 N/A To examine the School-aged 11534 NR 51
1996 Canada relationship between  children aged 8-
current and past 11 years
exposure to
maternal, paternal,
and nonparental ETS
in the home and
several measures of
asthma and wheeze
in school-aged
children from 24
communities across
the United States
and Canada
Den Dekker Cohort study The 2002-2012 6 years To examine the Pregnant women 6007 6 years 49.3
2015 (prospective) Netherlands associations of and their children.
maternal and Eligible mothers
paternal smoking in were those who
different periods of were resident in
pregnancy and the study area at
childhood with airway their delivery date
resistance, airway and had a
inflammation, delivery date from
wheezing patterns, April 2002 until
and physician- January 2006.
diagnosed asthma in
school-aged children
Dezateux 1999  Cohort study England NR 1 year To examine the Healthy 101 7.7 52
(prospective) association between  Caucasian term weeks

premorbid airway
function and
subsequent
wheezing in the first
year of life and to

(> 35 weeks)
infants without
major congenital
abnormalities or
neonatal
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
explore the influence  respiratory iliness.
on this association of  Families were
a family history of excluded if social
asthma and maternal  or medical
smoking during reasons
pregnancy. precluded
contact, or if
planning to leave
the area during
the next year
Duijts 2012 Cohort study The 2002-2006 4 years To examine the Mothers at their 4574 NR 51
(prospective) Netherlands associations of first routine ultra-
parental smoking sound
during pregnancy measurement in
with wheezing in pregnancy.
preschool children
and whether these
associations are
explained by
postnatal smoke
exposure or small for
gestational age at
birth
Fuentes- Cohort study Spain 2003-2008 1 year To assess the effects Women with at 2039 NR 49
Leonarte 2015  (prospective) of prenatal and least 16 years of

postnatal exposure
on the risk of
respiratory outcomes
during the first year
of life of infants from
a Spanish
multicentre cohort
study

age, singleton
pregnancy, and
enrolment at 10—
13 weeks of
gestation, no
assisted
conception, and
delivery
scheduled at the
reference
hospital, and no
communication

31



Allergy

Page 72 0f 118

Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
handicap.
Exclusion of
women who had a
spontaneous
abortion or foetal
loss.
Gilliland 2003 Cohort study USA 1993-not 8 years To investigate effects  Volunteer 5933 NR 51.6
(prospective) reported of early onset asthma  schoolchildren
and in utero except those in
exposure to maternal  special classes
smoking on for gifted or
childhood lung learning-disabled
function students.
Gilliland 2006 Cohort study USA 1993-1996 8 years To determine Children with no 2609 NR 50
(prospective) whether regular lifetime history of
smoking is asthma or
associated with the wheezing who
new onset of asthma  were recruited
during adolescence.  from fourth- and
seventh-grade
classrooms and
followedannually
in schools in 12
southern
California
communities
Grazuleviciene Cohort study Lithuania 2007-2013 4-6 years To investigate the Children who had 22390 NR 48.7
2014 (prospective) (age of association between  reached 18
children) maternal smoking months of age

during pregnancy,
second-hand
tobacco smoke
exposure, education
level, and preschool
children’s wheezing
and overweight.

and for whom
there was
information on all
(prenatal and
postnatal) applied
questionnaires.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Haberg 2007 Cohort study Norway 2000-2004 18 months To assess the effects  Clinical birth 39306 NR NR
(prospective) of prenatal and cohort of a
postnatal smoking on  University
early childhood Hospital, with
respiratory health. exclusion of
stillbirths
Henderson Cohort study UK 1991-1999 7.5 years To examine whether  Documented 103 NR NR
2010 (prospective) functional history of
polymorphisms of maternal asthma,
GST and Nrf2 genes  and an
modified the effects expectation of the
of prenatal tobacco mother remaining
smoke exposure on in the same home
lung function and for at least 1 year
asthma in childhood. in urban Syracuse
or an adjacent
urban location.
Each baby also
had to have a
gestational age of
37 weeks or
more, a birth
weight 0f22500 g,
the absence of
any major
congenital
abnormality, and
singleton birth.
Jaakkola 2001  Cohort study Norway 1992-1993 4 years To investigate Population-based 58841 7 years 48.8
(prospective) whether the joint cohort study,
effect of genetic where all

propensity to asthma
and exposure to ETS
on the risk of
childhood asthma is
greater than
expected on the

singleton births
were followed
using nationwide
registries
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
basis of their
independent effects.
Jaakkola 2004  Cohort study Finland 1987-1994 7 years To examine the Children born in 56629 NR 48.5
(prospective) relationships among Finland in 1987
maternal smoking in  and followed
pregnancy, foetal using national
development, and administrative
the risk of asthma in health registries
childhood.
Jaakkola 2007  Cohort study Finland 1987-NR 7 years To explore potential Finnish singleton 58841 6.8 41.6
(prospective) differences in the babies born (median)
susceptibility of boys  in1987 through 5
and girls to the nationwide
effects of maternal registries for 7
smoking on asthma,  years and
using data from a identified allcases
cohort of Finnish of doctor-
children born in 1987  diagnosed
asthma (ICD-9
code 493)
Karmaus 2008  Cohort study UK 1989-1990 10 years To characterize the Children born on 1336 N/A 49
(prospective) joint effects of arisk-  the Isle of Wight
triad consisting of between January
maternal smoking 1, 1989 and
during pregnancy, February 28,
breastfeeding for less  1990.
than 3 months, and
recurrent lower
respiratory tract
infections on
physician-diagnosed
childhood asthma.
Lannero 2006 Cohort study Sweden February 22 months To assess the Newborn infants 3790 NR 494
(prospective) 1994- possible effects of born in Stockholm
November exposure to cigarette  at their first visit to
1996 smoking in utero on the Child Health

lower respiratory

Centre. Infants

34
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
disease in children were excluded if
up to two years of they had a
age. serious disease or
if the families
planned to move
within a year, had
insufficient
knowledge of
Swedish or had
an already
enrolled older
sibling.
Lundholm Cohort study Sweden 2005-2015 6 years To estimate the All children born 788508 NR
2019 (prospective) association between  in Sweden
tobacco use in between 2005
pregnancy (both and 2012.
smoking and Exclusion criteria:
Swedish oral moist children who were
snuff) and stillborn, children
asthma/wheeze in missing
the offspring, how it information on
varies by the child's mother's identity
age and explore the or migrated
influence of to/from Sweden
measured and during pregnancy,
unmeasured familial  and children
confounding themselves not
registered as
residents in
Sweden.
Magnus 2015 Cohort study Norway 1999-2008 7 years To examine the Pregnant women 53169 NR NR
(prospective) association between  at approximately

grandmother’s
smoking during
pregnancy and
asthma development
in the grandchild.

18 weeks
gestation.
Exclusion criteria:
Children not
linked to the
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
national birth
registry and
children and from
multiple births
Magnusson Cohort study Denmark 1984-1987 8 years To investigate the All pregnant 7844 Follow-up 48.4
2005 (prospective) effects of maternal women in the two up to the
smoking in Danish cities, ages of
pregnancy on Odense and 14-18
asthma, hay fever, Aalborg. Id
atopic eczema, and HEEIS
wheezing in the
offspring up to the
age of 14-18.
Menezes 2007  Cohort study Brazil 1993-2005 4 years To evaluate risk All mothers giving 5249 NR NR
(prospective) factors for wheezing birth in hospitals
in early adolescence, of Pelotas, Brazil
with emphasis on sex (1993).
differences.
Moradzadeh Cohort study USA 2011-2012 NR To examine the Noninstitutionalize 3074 Patients 49
2018 (retrospective) effect of self-reported  d civilian resident with
maternal smoking population of the asthma:
during pregnancy on  United States who 8.5 (4.1);
childhood asthma were 1-15 years P.atien-ts’
of age and for )
whom both without
outcome and asthma:
exposure data 7.1(4.2)

had been
reported.
Participants with
missing data on
the hay fever,
maternal age at
birth, weight at
birth, household
smoking variables
were excluded.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Neuman 2012 Cohort study Germany; 1990-1999 4-6 years To assess the effect ~ Participants 21600 NR NR
(retrospective) Spain; (age of of exposure to recruited during
Netherlands; children) maternal smoking pregnancy or in
Sweden; during pregnancy on the first months
Denmark; UK wheeze and asthma after birth with at
among preschool- least one follow-
age children up assessment of
the outcomes of
wheeze or
asthma at4to 6
years of age, and
with information
on maternal
smoking during
pregnancy and
from the first year
after birth.
Rivas-Juesas Cohort study Spain 2018-2019 12 months To compare the Babies born at 648 NR 46
2021 (prospective) incidence of asthma  term and alive in
diagnosed in infants a single hospital
during the first year of Valencia, Spain
of life according to (2017-2018)
the smoking status of
their mothers during
pregnancy
Robison 2012 Cohort study USA 1998-2010 6 years To evaluate the Women admitted 1448 mean, 50
(prospective) interaction between to delivery at a SD: 3.1
maternal smoking medical centre (2.4)
and prematurity upon  who delivered a :
. . years in
the development of singleton live the non-
early childhood infant. .
wheezing. wheezing
group,
4.7 (2.3)
years in
the
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
wheezing
group
Scherman Cohort study USA 2012-2015 12 months To examine the English-speaking 132 NR 48
2021 (prospective) relationship between  pregnant women
maternal chronic at least 15 years
stress (indexed by of age, with a
prenatal hair singleton
cortisolconcentration)  gestation, and
, and maternally who reported

reported wheezing in ~ smoking
children through 12 cigarettes.
months of age

among a sample of

132 US pregnant

women exposed to

prenatal cigarette

smoke
Spanier 2011 Cohort study USA NR 2 years To identify the English-speaking 367 NR 55.3
(prospective) optimal measure of women at 16 (+-2

active and passive
prenatal tobacco

exposure to predict
wheeze in early life

weeks) gestation,
living in a home
built before 1979,
residing within 5
Ohio counties
surrounding
Cincinnati,
receiving prenatal
care from a
participating
obstetrical clinic,
and giving birth at
a participating
hospital. Women
were ineligible
when they were
human
immunodeficiency
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Study

Study design

Country/
Continent

Study
period

Mean follow
up time

Study aim

Selection criteria

Number of
participants

Age %
(mean,
SD) n

wome

Stein 1999

Sunde 2022

Cohort study
(prospective)

Cohort study
(prospective)

USA

Denmark

1980-1984

NR

11 years

7 years

To examine the
effects of passive
smoking on
respiratory symptoms
in a cohort of over
1,000 children born
during 1980-1984.

To examine the
effect of prenatal
tobacco exposure
and its relation to
17912-21 genotype
on a wide array of
asthma and allergy-
related outcomes in
early childhood

virus positive,
were taking anti-
epileptic
medication, were
receiving
chemotherapy,
had diabetes
mellitus (not
gestational), had
bipolar disorder,
or had
schizophrenia.
Newborns (born
between 1980-
1984) whose
parents used one
of the largest
health
maintenance
organizations in
Tucson, Arizona.
Premature infants
were not excluded
if they were
healthy

Infants of mothers
with history of
asthma, excluding
those with a
severe congenital
anomaly, a
gestational age
younger than 36
weeks, a need for
mechanical
ventilation, or a

1104

411

1-10 NR
years

(dependi

ng on the
follow-up

year).

NR 51.6
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age
Continent period up time participants  (mean, wome
SD)
lower respiratory
tract infection
Svanes 2016 Cohort study Norway, 1991-2012 NR To examine whether  Random 26945 22
(prospective) Sweden, parental exposure to  population (range: 2-
Iceland, smoking and samples of men 51)
Denmark, welding, including and women born
Estonia exposure prior to in 1945-73.
conception,
influenced asthma
risk in offspring, with
a particular focus on
exposures in fathers.
Tabuchi 2015 Cohort study Japan 2001-2009 8 years To assess whether All infants bornin 42768 NR
(prospective) and how parental Japan during the
smoking behaviours,  periods January
combined with indoor  10-17, 2001, and
smoking status at July 10-17, 2001.
home, were The analysis was
associated with the limited to cases
development and where both
severity of childhood  parents lived
asthma from very together with the
young ages up to 8 subjects at the
years of age, using time of the first
data from a large survey.
nationally
representative birth
cohort study.
Tanaka 2008 Cohort study Japan 2001-2003 24 months To evaluate the Pregnant women 763 NR
(prospective) association between  were who lived in

maternal smoking
during pregnancy
and postnatal
exposure to ETS and
the development of
wheeze, asthma, and

Neyagawa City
(Osaka
Prefecture)
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
atopic eczema in
Japanese infants
Tanaka 2017 Cohort study Japan 2007-2008 2 years To examine the Women who 1354 NR 52.3
(prospective) association between  became pregnant
prenatal and in one of seven
postnatal tobacco prefectures on
smoke exposure Kyushu Island or
during the first year Okinawa
of life and the risk of  Prefecture
wheeze in Japanese  between April
children aged 23 to 2007 and March
29 months. 2008.
Tanaka 2020 Cohort study Japan 2007-2008 3 years To investigate the Women who 1304 NR 52.7
(prospective) association between  became pregnant
prenatal and in one of seven
postnatal tobacco prefectures on
smoke exposure and  Kyushu Island or
the risk of asthma in Okinawa
Japanese children Prefecture
between April
2007 and March
2008
Tariq 2007 Cohort study UK 1989-1990 4 years To examine the Consecutive 1218 NR NR
(prospective) influence of ETS on births (January
the development of 1989 - February
asthma symptoms 1990) over the
and allergen whole of the Isle
sensitisation during of Wight.
early childhood. Exclusion of
perinatal deaths,
adoptions and
moves
Thacher 2014 Cohort study Sweden 1994-1996 16 years To examine the role Parents of 3798 NR 49
(prospective) of prenatal and newborn children

postnatal second-
hand tobacco smoke
exposure on asthma,

(1994-1996),
living in
Stockholm.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
rhinitis, and eczema Exclusion criteria:
development up to the family planned
16 years of age. to move within 1
year of the study
start; insufficient
knowledge of the
Swedish
language; the
family had a
seriously ill child;
or an older sister
or brother was
already included
in the study.
Thacher 2018 Cohort study Netherlands; 1990-1999 14 to 16 To examine the Participants of 10603 NR 50
(prospective) Germany; years association of cohorts with (i)
Sweden; exposure to parental  relevant
smoking during foetal information on
life, infancy, maternal smoking
childhood and during pregnancy
adolescence with the  or secondhand
onset, progression, smoking exposure
and persistence of during the first
asthma and year of life, (ii)
rhinoconjuntivitis follow-up between
during childhood and 14 and 16 years
adolescence. of age; and (iii)
suitable outcome
assessments from
three predefined
age intervals (4—
6, 8-10, and 14—
16 years) were
included.
Vanker 2017 Cohort study South Africa 2012-2015 1 year To investigate Pregnant women 1065 0-1 year 49
(prospective) antenatal and were enrolled at

postnatal exposure

20-28 weeks’
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
to indoor air pollution  gestation at two
or environmental public primary
tobacco smoke, and health clinics
its association with serving different
lower respiratory populations.
tract illness or Participants who
wheezing illness ina  were younger
South African birth than 18 years,
cohort study. who did not
attend study
clinics for
postnatal care, or
who were
intending to move
out of the district
within 2 years
after the infant’s
birth were
excluded
Vardavas 2016 Cohort study 19 European 1990-2008 NR To examine the Newborns 27993 NR 48 .4
(prospective) countries association between  (recruited during
(European maternal passive pregnancy or
birth cohorts) smoking during shortly after birth)
pregnancy and for which there
wheeze in children was information of
up to the age of 2 maternal and
years. infant exposure to
active and
passive smoking,
and on the
development of
wheeze before
the age of 2
years.
Wada 2021 Cohort study Japan 2011-2014 13 years To investigate the Pregnant women 90210 NR 49
(prospective) effect of maternal residing in one of

exposure to tobacco

the study areas at
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(prospective)

association between
parental smoking
during pregnancy
and wheezing during
childhood/adolescen
ce (11 and 15 years
of age) in individuals
from a prospective

births in the city -
New-borns whose
mothers lived in
the urban area
were included.

Study design Country/ Mean follow  Study aim Selection criteria Number of  Age %
Continent participants  (mean, wome
SD) n
smoke on wheeze/ the time of
asthma development  recruitment, with
at 1 year of age in expected delivery
her offspring using date after
data from the Augustt, 2011,
nationwide birth and capable of
cohort study in Japan comprehending
the Japanese
language and
completing the
self-administered
questionnaires.
Weitzman 1990 Cross-sectional USA To study the Civilian 4331 NR NR
relationship between  noninstitutionalize
maternal smoking d population of
and (1) the the United States,
prevalence of with assessment
childhood asthma, of one randomly
(2) the likelihood of chosen child in
taking asthma each eligible
medication, (3) the household.
age of onset of
children’s asthma,
and (4) the number
of hospitalizations
among children with
and without asthma.
Werhmeister Cohort study Brazil To evaluate the All hospital live 5249 NR 50.3

44



Page 85 of 118

Allergy

Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
birth cohort in
southern Brazil.
Wu 2014 Cohort study Taiwan 1999-2001 6 years To investigate the Parents of 756 NR NR
(prospective) interactions among children were
GSTM1 genotype, prenatally
gender, and prenatal  recruited in the
ETS regarding Kaohsiung Chang
childhood asthma Gung Memorial
development. Hospital by a
study nurse to
enroll the birth
cohort.
Wu 2019 Cohort study Taiwan NR 6 years To investigate Newborns at a 1629 NR 46.9
(prospective) whether parental single centre
tobacco smoke hospital
exposure was
associated with the
offspring’s asthma
and correlated to
epigenetic
methylation of
potential tobacco-
related immune
genes
Young 2000 Cohort study Australia 1987-1991 12 months To assess the Full-term 237 NR 43
(prospective) influence of infant gestation (>36
gender, parental weeks), an
history of asthma, absence of

B. Post-natal environmental exposure to combustion smoking

and parental
antenatal smoking on
respiratory function
during the first year
of life using
prospective
longitudinal lung
function data.

perinatal health
problems, and no
major congenital
anomalies.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Alati 2006 Cohort study Australia 1981-1984 14 years To evaluate the link Birth cohort study 3915 14 48
(prospective) between maternal of mothers and
smoking during children enrolled
pregnancy and at the first
parental smoking antenatal visit at a
soon after birth and single hospital.
the development of
asthma symptoms in
adolescence
Carlsten 2012 Cohort study Canada NR 7 years To compare Having, according 545 NR NR
(prospective) questionnaire-based  to parental report,
ETS estimates with at least one first-
bio-markers of ETS, degree relative
on associated risk for  with asthma or
recurrent wheeze, two first-degree
physician-diagnosed  relatives with
asthma, and other IgE-
measures of mediated allergic
bronchial disease (atopic
hyperresponsiveness  dermatitis,
. seasonal or
perennial allergic
rhinitis, or food
allergy).
Ciaccio 2014 Cohort study USA October NA To determine the Families with a 382 83(4.1) 45
(retrospective) 2008- association of child that has asthma

November second-hand ETS in  been diagnosed group,

2011 the home with asthma, 7.1 (4.6)
environment with chronic n.o ’
childhood asthma, respiratory
wheeze, and oral symptoms, asthma
corticosteroids use. chronic allergy group;

symptoms, or 7.9 (4.3)
other chronic wheeze
symptoms group,
affected by a 7.7 (4.3)
home no
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Study

Study design

Country/
Continent

Study
period

Mean follow
up time

Study aim

Number of
participants

Selection criteria Age
(mean,

SD)

%

wome

n

Cunningham
1996

Cross-sectional

USA and
Canada

1988-1990

N/A

To examine the
relationship between
current and past
exposure to
maternal, paternal,
and nonparental ETS
in home and several
measures of asthma
and wheeze in
school-aged children
from 24 communities
across the United
States and Canada

wheeze
group

environment;
were living in the
Kansas City area;
were staying at
the same home at
least 4
nights/week; had
lived in the same
home for the past
6 months;
planned to live in
the same home
for the next 12
months; and were
from families with
a total family
income < 80% of
the Kansas City
median family
income.

Fourth and fifth
grade students
from eighteen
communities in
the United States
and six
communities in
Canada (selected
on the basis of
their ambient air
pollution and
demographic
characteristics)
were identified
and invited to
participate.

11534 NR

51
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Dai 2016 Cohort study Australia 1990-1994 18 years To investigate the Having one or 620 NR 48.9
(prospective) association between  both parents or

perinatal ETS with any sibling(s)

lung function, lung having either

function growth and atopic dermatitis,

asthma in children up asthma, hay

to the age of 18 fever, or severe

years. adverse reactions

to food.

Den Dekker Cohort study The 2002-2012 6 years To examine the Pregnant women 6007 6 years 49.3
2015 (prospective) Netherlands associations of and their children.

maternal and Eligible mothers

paternal smoking in were those who

different periods of were resident in

pregnancy and the study area at

childhood with airway their delivery date

resistance, airway and had a

inflammation, delivery date from

wheezing patterns, April 2002 until

and physician- January 2006.

diagnosed asthma in

school-aged children
Fergusson Cohort study New Zealand 1977-1983 6 years To examine the Birth cohort of 1115 NR NR
1985 (prospective) association between  children born in

parental smoking the Christchurch

and the onset of (New Zealand)

asthma and the urban region in

frequency of mid-1977

asthmatic attacks

during early

childhood.
Fernandez- Cohort study Mexico 1996-2002 6 years To determine Students at the 1819 8.7 (0.8) 51
Plata 2016 (prospective) whether ETS at selected schools

home in who were eight

schoolchildren aged years of age at

8-17 years is the beginning of

associated with a

the study and
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
reduction in the residing at 2,240
growth of pulmonary ~ m above sea
function or with an level.
increase in
respiratory symptoms
and infections, and
whether there is a
gender-related
differential effect and
an additive effect
with air pollution.
Fuentes- Cohort study Spain 2003-2008 1 year To assess the effects Women with at 2039 NR 49
Leonarte 2015  (prospective) of prenatal and least 16 years of
postnatal exposure age, singleton
on the risk of pregnancy, and
respiratory outcomes  enrolment at 10—
during the first year 13 weeks of
of life of infants from gestation, no
a Spanish assisted
multicentre cohort conception,
study delivery
scheduled at the
reference
hospital, and no
communication
handicap.
Exclusion of
women who had a
spontaneous
abortion or foetal
loss.
Gilliland 2003 Cohort study USA 1993-not 8 years To investigate effects  Volunteer 5933 NR 51.6
(prospective) reported of early onset asthma schoolchildren

and in utero except those in
exposure to maternal  special classes
smoking on for gifted or
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Mean follow Selection criteria

up time

Study Study design Country/ Study aim

Continent

Study
period

Number of  Age %
participants (mean, wome

SD)

Haberg 2007

Hunt 2011

Magnusson
2005

Cohort study
(prospective)

Cohort study
(prospective)

Cohort study
(prospective)

Norway

us

Denmark

2000-2004

April 2001
and August
2002
(enrolment)

1984-1987

18 months

1 year

8 years

childhood lung
function

To assess the effects
of prenatal and
postnatal smoking on
early childhood
respiratory health.

To quantify asthma
agent levels in the
inner-city homes of a
birth cohort whose
mothers had a
diagnosis of asthma.

To investigate the
effects of maternal
smoking in

learning-disabled
students.

Clinical birth
cohort of a
University
Hospital, with
exclusion of
stillbirths
Eligibility
requirements
included a
documented
history of
maternal asthma,
and an
expectation of the
mother remaining
in the same home
for at least 1 year
in urban Syracuse
or an adjacent
urban location.
Each baby
alsohad to have a
gestational age of
37 weeks or
more, a birth
weight of=22500 g,
the absence of
any major
congenital
abnormality,
andsingleton
birth.

All pregnant
women in the two
Danish cities,

39306 NR

103 mother
and infant
pairs
completed
all phases of
the study.

7844 Follow-up
up to the
ages 14—

NR

NR

48.4
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
pregnancy on Odense and 18 years
asthma, hay fever, Aalborg. old
atopic eczema, and
wheezing in the
offspring up to the
age of 14-18.
McConnochie Cohort study USA 1971-1980 Not reported To explore the Patients of a five- 223 8.4 31
1986 (retrospective) effects of passive paediatrician
smoking and non- group practice in
breast feeding on a suburb of
wheezing in children  Rochester (New
aged 6 to 10 years York) born
between
November 1971
and August 1975.
Subjects with a
history of
bronchiolitis or
with a medical
condition that
might predispose
them to
respiratory illness
were excluded.
Neuman 2012 Cohort study Germany; 1990-1999 4-6 years To assess the effect Participants 21600 4-6 years NR
(retrospective) Spain; (age of of exposure to recruited during
Netherlands; children) maternal smoking pregnancy or in
Sweden; during pregnancy on the first months
Denmark; UK wheeze and asthma after birth with at

among preschool-
age children

least one follow-
up assessment of
the outcomes of
wheeze or
asthmaat4to 6
years of age, and
with information
on maternal
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
smoking during
pregnancy and
from the first year
after birth.
Ramadas 2007 Cohort study UK 1989-1990 10 years To examine the Children born on 921 NR
(prospective) impact of ETS on the the Isle of Wight
asthma risk- (UK) between
conferring abilities of  January 1989 and
the IL1RN February 1990
polymorphism
Robison 2012 Cohort study USA 1998-2010 6 years To evaluate the Women admitted 1448 mean, 50
(prospective) interaction between to delivery at a SD: 3.1
maternal smoking medical centre (2.4)
and prematurity upon  who delivered a ;
; . years in
the development of singleton live the non-
early childhood infant. .
wheezing. wheezing
group,
4.7 (2.3)
years in
the
wheezing
group
Sherrill 1992 Cohort study New Zeeland Between 15 years To examine the Children of a birth 634 NR 51
(prospective) 1975 and longitudinal effects of cohort in New
1990 ETS on lung function  Zealand whose
in a cohort of New mothers were
Zealand children residents of
Dunedin and that
born in the city
maternity hospital
between April1,
1972 and March
31, 1973.
Snodgrass Cohort study Singapore 2009-2010 2 years To quantify Pregnant women 1236 NR NR
2015 (prospective) respiratory morbidity =~ aged =18 years

in young children

attending their
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Study

Study design

Country/
Continent

Study
period

Mean follow
up time

Study aim

Selection criteria

Number of
participants

Age
(mean,
SD)

%

wome

n

Stein 1999

Cohort study
(prospective)

USA

1980-1984

11 years

exposed to second-
hand smoke and to
identify potentially
modifiable factors.

To examine the
effects of passive
smoking on
respiratory symptoms
in a cohort of over
1,000 children born
during 1980-1984.

first trimester
antenatal dating
ultrasounds clinic
at any of the
Singapore’s two
major public
maternity units,
between June
2009 and
September 2010.
The participants
approached were
Singapore
citizens or
permanent
residents of
Chinese, Malay or
Indian ethnicity
with
homogeneous
parental ethnic
background, and
who had the
intention of
delivering in
Singapore
maternity units
and residing in
Singapore for the
next 5 years.
Newborns (born 1104
between 1980-
1984) whose
parents used one
of the largest
health
maintenance

1-10
years
(dependi
ng on the
follow-up
year)

NR
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
organizations in
Tucson, Arizona,.
Premature infants
were not excluded
if they were
healthy
Svanes 2016 Cohort study Norway, 1991-2012 NR To examine whether  Random 26945 22 NR
(prospective) Sweden, parental exposure to  population (range: 2-
Iceland, smoking and samples of men 51)
Denmark, welding, including and women born
Estonia exposure prior to in 1945-73.
conception,
influenced asthma
risk in offspring, with
a particular focus on
exposures in fathers.
Tabuchi 2015 Cohort study Japan 2001-2009 8 years To assess whether All infants bornin 42768 NR 48
(prospective) and how parental Japan during the
smoking behaviours,  periods January
combined with indoor 10-17, 2001, and
smoking status at July 10-17, 2001.
home, were The analysis was
associated with the limited to cases
development and where both
severity of childhood  parents lived
asthma from very together with the
young ages up to 8 subjects at the
years of age, using time of the first
data from a large survey.
nationally
representative birth
cohort study.
Tanaka 2008 Cohort study Japan 2001-2003 24 months To evaluate the Pregnant women 763 NR 47.0
(prospective) association between  who lived in
maternal smoking Neyagawa City
during pregnancy (Osaka
and postnatal Prefecture)
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
exposure to ETS and
the development of
wheeze, asthma, and
atopic eczema in
Japanese infants
Tanaka 2017 Cohort study Japan 2007-2008 2 years To examine the Women who 1354 NR 52.3
(prospective) association between became pregnant
prenatal and in one of seven
postnatal tobacco prefectures on
smoke exposure Kyushu Island or
during the first year Okinawa
of life and the risk of  Prefecture
wheeze in Japanese  between April
children aged 23 to 2007 and March
29 months. 2008.
Tanaka 2020 Cohort study Japan 2007-2008 3 years To investigate the Women who 1304 NR 52.7
(prospective) association between  became pregnant
prenatal and in one of seven
postnatal tobacco prefectures on
smoke exposure and  Kyushu Island or
the risk of asthma in Okinawa
Japanese children Prefecture
between April
2007 and March
2008
Tashking 1984  Cohort study USA 1973-1977 NR To evaluate the Households in 971 NR 49
(prospective) effect of passive which one or both

smoking on the lung
function of children,
by means of a
respiratory
questionnaire and
lung function tests
performed in the Los
Angeles area.

parents were
regular smokers
or life-time non-
smokers.
Households in
which one or both
parents were
former smokers
were excluded.
Children were
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Study

Study design

Country/
Continent

Study
period

Mean follow
up time

Study aim

Selection criteria Number of  Age
participants (mean,

SD)

%
wome

Thacher 2014

Vanker 2017

Cohort study
(prospective)

Cohort study
(prospective)

Sweden

South Africa

1994-1996

2012-2015

To examine the role
of prenatal and
postnatal second-
hand ETS on
asthma, rhinitis, and
eczema development
up to 16 years of
age.

16 years

1 year To investigate

antenatal and

excluded if thet

were non-white or

had a Spanish

surname.

Children who

were known ever-

smokers or had

physician-

diagnosed

asthma,

bronchitis, or

other reported

lung disease,

were excluded

from the main

analysis.

Parents of 3798 NR
newborn children
(1994-1996),
living in
Stockholm.
Exclusion criteria:
the family planned
to move within 1
year of the study
start; insufficient
knowledge of the
Swedish
language; the
family had a
seriously ill child;
or an older sister
or brother was
already included
in the study.
Pregnant women 1065
were at 20-28

0-1 year

49

49
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
postnatal exposure weeks’ gestation
to indoor air pollution  at two public
or environmental primary health
tobacco smoke, and clinics serving
its association with different
lower respiratory populations.
tract illness or Participants who
wheezing illness ina  were younger
South African birth than 18 years,
cohort study. who did not
attend study
clinics for
postnatal care, or
who were
intending to move
out of the district
within 2 years
after the infant’s
birth were
excluded
Vardavas 2016 Cohort study 19 European 1990-2008 NR To examine the Newborns 27993 NR 48 .4
(prospective) countries association between  (recruited during
(European maternal passive pregnancy or
birth cohorts) smoking during shortly after birth)
pregnancy and for which there
wheeze in children was information of
up to the age of 2 maternal and
years. infant exposure to
active and
passive smoking,
and on the
development of
wheeze before
the age of 2
years.
Wu 2013 Cohort study UK 1995-1997 3 years To investigate Parents screened 807 NR 449
(prospective) interactions between  at antenatal visits

57



Allergy

Page 98 of 118

Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
GST variants and (during the first 8—
maternal smoking in 10 weeks of
relation to the pregnancy) by
development of using skin-prick
wheezing during testing and a
childhood and structured
whether any such questionnaire.
interaction changes
with time.
Wu 2014 Cohort study Taiwan 1999-2001 6 years To investigate the Parents of 756 NR NR
(prospective) interactions among children were
GSTM1 genotype, prenatally
gender, and prenatal  recruited in the
ETS regarding Kaohsiung Chang
childhood asthma Gung Memorial
development. Hospital by a
study nurse to
enroll the birth
cohort.
Wu 2019 Cohort study Taiwan NR 6 years To investigate Newborns at a 1629 NR 46.9
(prospective) whether parental single centre
tobacco smoke hospital
exposure was
associated with the
offspring’s asthma
and correlated to
epigenetic
methylation of
potential tobacco-
related immune
genes
Zhang 2018 Cohort study USA 2003-2014 NR To evaluate the Data from six 8064 NR 48
(prospective) difference in the consecutive
trends of passive cycles of the
tobacco smoke 2003-2014
exposure levels over  NHANES on

time among US
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n

children ages 3—11 children aged 3—

ears using NHANES 11 years.
C. Combined pre-natal and post-natal exposure to combustion smoking

Accordini 2018 Cohort study Australia; 1991-2013 NR To examine the Subjects who had 8858 Offspring 50
(prospective) Belgium; pattern of participated in in
Denm.ark; associations ECRHS | and I, maternal
Estonia; between tobacco and who had line: 26
France; smoking and asthma  reported at least o
Germany; across three one offspring at years,_
Iceland; Italy; generations the ECRHS Il foSp”ng
Norway; (grandparents, clinical interview n
Spain; parents, offspring) paternal
Sweden; during different line: 24
United developmental years
Kingdom stages within those
generations
Alati 2006 Cohort study Australia 1981-1984 14y To evaluate the link Birth cohort study 3915 14 48
(prospective) between maternal of mothers and
smoking during children enrolled
pregnancy and at the first
parental smoking antenatal visit at a
soon after birth and single hospital
the development of
asthma symptoms in
adolescence
Cunningham Cross-sectional USA and 1988-1990 N/A To examine the School-aged 11534 NR 51
1996 Canada relationship between  children aged 8-
current and past 11 years

exposure to
maternal, paternal,
and nonparental ETS
in the home and
several measures of
asthma and wheeze
in school-aged
children from 24
communities across
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
the United States
and Canada
Gilliland 2003 Cohort study USA 1993-not 8 years To investigate effects  Volunteer 5933 NR 51.6
(prospective) reported of early onset asthma  schoolchildren
and in utero except those in
exposure to maternal  special classes
smoking on for gifted or
childhood lung learning-disabled
function students.
Gilliland 2006 Cohort study USA 1993-1996 8 years To determine Children with no 1489 NR 50
(prospective) whether regular lifetime history of
smoking was asthma or
associated with the wheezing who
new onset of asthma  were recruited
during adolescence. from fourth- and
seventh-grade
classrooms and
followedannually
in schools in 12
southern
California
communities
Haberg 2007 Cohort study Norway 2000-2004 18 months To assess the effects  Clinical birth 39306 NR NR
(prospective) of prenatal and cohort of a
postnatal smoking on  University
early childhood Hospital, with
respiratory health. exclusion of
stillbirths
Harju 2016 Cohort study Finland 1989-2008 4.2 years To evaluate the Population-based 8002 NR NR
(retrospective) association between  birth cohort that

maternal and
paternal smoking
during pregnancy,
and asthma among
offspring.

recruited pregnant
women resident in
Avon, UK with
expected dates of
delivery from April
1991 to
December 1992.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Keil 2009 Cohort study Germany 1990-not 10 years To examine the Children with: (i) 958 NR NR
(prospective) reported interaction of passive  available umbilical
smoking and an cord blood
allergic immunoglobulin
predisposition (IgE) values; (ii)
regarding allergic 37 weeks of
sensitization, allergic  pregnancy; and
airway symptoms (iii) 3rd percentile
and respiratory of birth weight.
infections during the ~ Those with:
first 10 years of life severe
complications
during birth;
treatment on
intensive care
unit; or families
with insufficient
knowledge of the
German language
were excluded
Lannero 2006 Cohort study Sweden February 22 months To assess the Newborn infants 3790 NR 494
(prospective) 1994- possible effects of born in Stockholm
November exposure to cigarette  at their first visit to
1996 smoking in utero on the Child Health

lower respiratory
disease in children
up to two years of
age.

Centre. Infants
were excluded if
they had a
serious disease or
if the families
planned to move
within a year, had
insufficient
knowledge of
Swedish or had
an already
enrolled older
sibling.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Magnusson Cohort study Denmark 1984-1987 8 years To investigate the All pregnant 7844 follow-up 48.4
2005 (prospective) effects of maternal women in the two at age
smoking in Danish cities, 14—18
pregnancy on Odense and
asthma, hay fever, Aalborg.
atopic eczema, and
wheezing in the
offspring up to the
age of 14-18.
Neuman 2012 Cohort study Germany; 1990-1999 4-6 years To assess the effect Participants 21600 4-6 years NR
(retrospective) Spain; of exposure to recruited during old
Netherlands; maternal smoking pregnancy or in
Sweden; during pregnancy on the first months
Denmark; UK wheeze and asthma after birth with at
among preschool- least one follow-
age children up assessment of
the outcomes of
wheeze or
asthma at4 to 6
years of age, and
with information
on maternal
smoking during
pregnancy and
from the first year
after birth.
Neuspiel 1989  Cohort study UK 1970 10 years To examine the All births in Great 11776 NR 48.6
(prospective) relationship of Britain during the

cigarette smoking by
either one or both
parents with
reporting of post-
infancy wheezing in
a large,
representative British
national cohort.

week of April 5-
11, 1970.
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Study Study design Country/ Study Mean follow  Study aim Selection criteria Number of  Age %
Continent period up time participants  (mean, wome
SD) n
Stein 1999 Cohort study USA 1980-1984 11 years To examine the Newborns whose 1104 1-10 NR
(prospective) effects of passive parents used one years
smoking on of the largest (dependi
respiratory symptoms  health ng on the
in a cohort of over maintenance follow-u
1,000 children born organizations in P
during 1980-1984. Tucson, Arizona. year).
Premature infants
were not excluded
if they were
healthy
Svanes 2016 Cohort study Norway, 1991-2012 NR To examine whether  Random 26945 22 (2-51) NR
(prospective) Sweden, parental exposure to  population mean
Iceland, smoking and samples of men (range)
Denmark, welding, including and women born
Estonia exposure prior to in 1945-73.
conception,
influenced asthma
risk in offspring, with
a particular focus on
exposures in fathers.
Tanaka 2017 Cohort study Japan 2007-2008 2 years To examine the Women who 1354 NR 52.3
(prospective) association between  became pregnant
prenatal and in one of seven
postnatal tobacco prefectures of
smoke exposure Kyushu Island or
during the first year Okinawa
of life and the risk of  Prefecture
wheeze in Japanese  between April
children aged 23 to 2007 and March
29 months. 2008.
Vardavas 2016 Cohort study 19 European 1990-2008 NR To examine the Newborns 27993 NR 48 4
(prospective) countries association between  (recruited during
(European maternal passive pregnancy or

birth cohorts)

smoking during
pregnancy and
wheeze in children

shortly after birth)
for which there
was information of
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Study design

Country/
Continent

Study
period

Mean follow
up time

Study aim

Selection criteria

Number of
participants

Age

(mean,
SD)

%
wome

Wang 2008

Cohort study
(prospective)

USA

1993-1996

Not reported

up to the age of 2
years.

To investigate the
joint effects of in
utero and childhood
second-hand
tobacco smoke
exposure and two
well-characterized
functional single-
nucleotide
polymorphisms
(Arg16Gly and
Glu27GlIn) of B2-
adrenergic receptor
gene on asthma and
wheezing

maternal and
infant exposure to
active and
passive smoking,
and on the
development of
wheeze before
the age of 2
years.

Volunteer 3128
schoolchildren
except those in
special classes
for gifted or
learning-disabled
students.

11.3 (2.3)

53.4

ECRHS: European Community Respiratory Health Survey; ETS: Environmental tobacco smoking; NA: Not applicable; NHANES: National Health and Nutrition
Examination Survey; NR: Not reported; SD: Standard-deviation
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Table S4. Description of individual studies included in the SR on the impact of ETS (combustion or e-cigarette) on asthma-related outcomes

Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine period  follow participan (mean, women asthma
nt up ts SD) severity
time
Akinbami Time USA 2003- 12 To assess the current impact Children with asthma from the 925 Children 61to 19 46.6 Mild to severe
LJ 2013 series 2010 months of ETS exposure on children NHANES and
with asthma teenagers
Boskabady Cohort Iran 1998- 3 years To examine the effect of 3- Children with asthma seenina 90 Children Non- 411 Mild to moderate
MH. 2022 study 2000 year parental smoking on hospital clinic (<12 years) smokers:
(prospect respiratory symptoms, drug 8.19
ive) use and functional tests in (3.28);
their children with asthma Smokers:
8.45 (3.52)
Butz 2011 Randomi USA 2006- 2 To examine the association Children aged 6—-12 years, 126 Children 9.1 45 Mild to severe
zed 2008 weeks  between measures of second classified with intermittent or (<12 years)
clinical hand smoking and asthma persistent asthma, using daily
trial morbidity outcomes among controller medication over the
low-income, minority children past 6 months, sleeping in a
with asthma residing with a home 5 or more days per
smoker week and with a smoker in the
home.
Butz 2019 Randomi USA 2013- 12 To examine if an association Physician-diagnosed 222 Children 6.3 (2.7) 35 Not restricted to
zed 2016 months  exists between second hand persistent and uncontrolled (<12 years) a specific
clinical smoking exposure, based on asthma having two or more ED severity level
trial salivary cotinine levels, and asthma visits or 2 1
frequency of day and night hospitalization over the past
time symptoms in low-income, 12 months, and residing in the
minority children with poorly Baltimore metropolitan area.
controlled asthma. Children were excluded if they
had other non-asthma
respiratory conditions including
cystic fibrosis,
bronchopulmonary dysplasia
or lung cancer
Chilmonczy Cohort USA 1992 12 To examine the association Children with asthma (age: 8 204 Children 7.5 (2.8) 30 Not restricted to
k 1993 study months  between exposure to months to 13 years) and the (<12 years) a specific
(retrospe environmental tobacco smoke  parents who accompanied severity level
ctive) and exacerbations of asthma them to routine visits at a large

in children
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine  period follow participan (mean, women asthma
nt up ts SD) severity
time
allergy-asthma practice in
Portland, Maine.
Eisner 2001 Cohort USA July NR To measure ETS exposure in Subjects with no current 50 Adults (218 44.4 (7.9) 72 Not restricted to
study 1998 a cohort of adults with asthma  personal tobacco smoking and years) a specific
(prospect and living in Northern California a positive answer to any severity level.
ive) Decem screening question indicating Severity of
ber potential ETS exposure asthma score=
1999 10.7 (6.8)
Eisner 2002 Cohort USA July 5years To examine the prevalence Adults with asthma recruited 111 Adults (218 44 (7.7) 71 Not restricted to
study 1998 and short-term health impact from physician practices in years) a specific
(prospect and of ETS exposure during travel ~ Northern California severity level
ive) Decem among adults with asthma.
ber
1999
Eisner Cohort USA 1998- 18 To assess the impact of Adults with asthma from a 349 Adults (218 44.2 (7.7) 72 Not restricted to
2002a study 1999 months  exposure to ETS, gas stoves, random sample of board- years) a specific
(prospect and woodsmoke on health certified pulmonary specialists, severity level
ive) outcomes allergy/immunology
specialists, and family
practitioners in Northern
California
Eisner 2005 Cohort USA Beginni N/A To study the impact of second  Adult members admitted to 778 Adults (=18 61 (16) 70 Severe asthma
study ng hand smoking exposure on Northern California hospitals years)
(prospect 2000- asthma health outcomes with a main discharge
ive) 2004 diagnosis code for asthma or

with a secondary discharge
diagnosis code for asthma and
a principal code for acute
asthma related respiratory
conditions. Persons with a
primary or secondary
discharge diagnosis code for
chronic bronchitis,
emphysema, or chronic airway
obstruction were excluded
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine  period follow participan (mean, women asthma
nt up ts SD) severity
time
Gaisberger Randomi Austria 2008- 180 To examine whether acute, Non-smoking adults with mild 23 Adults (=18 Exposed 65 Mild to moderate
2021 zed 2010 min experimental ETS exposure to moderate well-controlled years) (ETS): 34
clinical influences asthma symptoms, allergic asthma years;
trial lung function, and Unexposed
inflammatory parameters. (ambient
air): 30
years
Gerald et al Cohort USA 2005- 12 To examine the relationship Physician-diagnosed 256 Children 11.0 (2.1) 42 Mild to severe
2009 study 2006 months  between changes in ETS persistent asthma requiring (<12 years)
(prospect exposure and childhood daily controller medication and
ive) asthma morbidity in a clinical ability to use a dry-powder
trial of supervised asthma inhaler and a peak flowmeter
therapy in an urban
elementary school
Grarup 2014 Cohort Denmark NR 3 To investigate the effects of Pregnant women with 1) 500 Adults (=18 30.8 100 Not restricted to
study months  current and former active Asthma, defined according to years) a specific
(prospect after smoking as well as passive GINA guidelines,2) At least severity level
ive) delivery  smoking on asthma control step 1 asthma therapy, i.e.,
during pregnancy. rescue bronchodilator,3) Visit
1 at the outpatient clinic within
the first 18 weeks of
pregnancy
Jassal 2020 Cohort 2017- 6 To examine how much and Children with persistentasthma 45 Children 7 Persistent
study 2018 months  when does smoking reduction  (as per National Heart, Lung, (<12 years) asthma
(prospect result in and Blood Institute criteria) in
ive) improvedenvironmental and pediatric pulmonary
clinical outcomes. specialtyclinics and inpatient
units at Johns Hopkins
Children’s Center
Keogan Quasi- Czechia/l  2018- NR To assess the acute Confirmed doctor-diagnosed 30 Adults (=18 46.9 (18.7) 64 Not restricted to
2020 experime reland/Sp 2019 respiratory effects in lung asthma and age of 18 years years) a specific
ntal study ain function that result from short-  and older, severity level

term second hand smoking
exposure among patients with
asthma and chronic
obstructive pulmonary disease
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine  period follow participan (mean, women asthma
nt up ts SD) severity
time
Knight 1985 Quasi- NR NR 2days To investigate the acute Non-smoking adults with mild 6 Adults (218 NR 33.3 Mild to moderate
experime respiratory response in to moderate asthma years)
ntal study patients with asthma to
passive cigarette smoking and
to assess whether passive
smoke inhalation alters
bronchial sensitivity to inhaled
histamine
Lang 2013 Cohort USA 2007 - 24 To describe how ETS affects Participants aged 6 to 17 265 Children Home 37 Poor asthma
study 2010 weeks  gastroesophageal reflux, years with poor asthma control and indoor control defined
(prospect respiratory infections, and despite daily treatment with an adolescent  smoking based on
ive) leukotriene production among inhaled corticosteroid. s (6-17 group: 12.8 medication use,
children with poor asthma Exclusion criteria: self-reported years) (2.7); No symptoms,
control. symptoms of home healthcate use
gastroesophageal reflux indoor of a score 21.25
requiring treatment; treatment smoking: on the Asthma
with a proton pump inhibitor or 11.3 (3.0). Control
other reflux medications; Questionnaire.
history of antireflux surgery or
a previous trachea-
oesophageal fistula repair; an
FEV1 of less than 60%
predicted; history of neonatal
respiratory distress or
premature birth at less than 33
weeks' gestational age; other
major chronic illnesses;
nonadherence; inability to take
study medications, perform
baseline measurements, or be
contacted; or pregnancy.
Li 2000 Cohort USA 1993- NR To assess the relationships Fourth graders (aged 9-10 5263 Children NR 51 Not restricted to
study not between lung function, yr.), seventh graders (12-13 and a specific
(retrospe reporte asthma, in utero exposure to yr.) and tenth graders (15-16 teenagers severity level
ctive) d maternal smoking, and ETS yr.). (boys: 7-

exposures in boys and girls.
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine  period follow participan (mean, women asthma
nt up ts SD) severity
time
19; girls: 7-
18)
Magnussen Quasiexp Germany NR 6 days To investigate the acute Children with bronchial 13 Children 10 (2) 38.5 Mild asthma
1993 erimental effects of ETS in children with asthma, ranging in age from 8 and
study mild asthma during rest and to 13 years. teenagers
exercise. (8-13
years)
Murray 1992 Cohort Canada 1983 - N/A To investigate the effect of Children (1-17 years of age) 807 Children Children Not Not restricted to
study 1990 less exposure to cigarette with asthma referred to an and and reporte  a specific
(prospect smoke in the severity of allergy clinic (1983-1990). adolescent adolescent d severity level
ive) asthma in children of parents Children who were themselves s (1-17 s (1-17
who smoke. smokers, had cystic fibrosis, or years) years)
gastroesophageal reflux were
excluded.
Newman Cohort USA Decem NR To estimate the effect of active  Pregnant women with mild and 1419 Adults (218 Smokers: 100 Mild to severe
2010 study ber and passive household moderate-severe asthma years) 23.7 (5.6);
(prospect 1994 cigarette smoke exposure on Non-
ive) and asthma severity and obstetric smokers/N
Februar and neonatal outcomes in o
y 2000 pregnant women with asthma. Household
ETS
Exposure:
24.4 (5.9)
Nowak 1997 Quasi- Germany NR 2 To investigate the effect of Non-smoking patients with 10 Adults (218 25 (2) 40 Mild asthma
experime weeks ETS exposure in the evening mild bronchial asthma years)
ntal study on inflammatory changes in
bronchoalveolar and nasal
lavage fluids.
Shephard Quasi- Canada NR 2 hours To make an assessment of Volunteers with asthma 14 Adults (=18 Men: 44 35.7 Not restricted to
1979 experime symptoms and objective attending the Asthma Clinic of years) (14) a specific
ntal study airway responses in a group of The Gage Research Institute. Women: severity level
adults with asthma passively 33 (8)

exposed to controlled
concentrations of cigarette
smoke.
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age group Age % Background
design Contine  period follow participan (mean, women asthma
nt up ts SD) severity
time
Soussan Cohort France 1995- 3 years To study the role of treatment Documented asthma 167 Children 9.5 (2.0) 35.9 Mild to moderate
2002 study 1998 compliance and parents’ diagnosed during the inclusion (<12 years)
(prospect smoking on asthma control in visit or no more than 12
ive) children with recently months previously, and
diagnosed mild or moderate FEV1>60% of the predicted
persistent asthma who were value at the inclusion visit.
prescribed inhaled anti- Exclusion criteria: (1) having a
inflammatory treatment. chronic respiratory disease
other than asthma; (2)
treatment with high doses of
inhaled corticosteroids; and (3)
having unstable asthma.
Sunde 2022 Cohort Denmark NR 7 years To examine the effect of Infants of mothers with history 72 Children NR 51.6 Not restricted to
study prenatal tobacco exposure and of asthma. Infants with a (<12 years) a specific
(prospect relation to 17q12-21 genotype  severe congenital anomaly, a severity level
ive) on a wide array of asthma and  gestational age younger than
allergy-related outcomes in 36 weeks, a need for
early childhood mechanical ventilation, or a
lower respiratory tract infection
were excluded
Sutaryono Cohort Indonesi 2016- 12 To assess the risk impact Asthma patients aged 12-18 114 Teenagers 15 (2.5) 61.5 Not restricted to
2019 study a 2017 weeks  associated with exposing years old at three hospitals (12 to 18) a specific
(prospect children living with asthma to (2016-2017) severity level
ive) ETS in the family.
Vargas 2007 Cross- USA and 1997- NA To determine the prevalence Physician diagnosis of acute 954 Children 6.4 (2.8) 38.16 Mild to severe
sectional Canada 1998 of ETS exposure among asthma and age 2 — 11 years. (<12 years)

children presenting to the ED
for acute asthma care and
whether ETS exposure affects
acute asthma severity or
response to therapy.

ED: Emergency Department; ETS: Environmental tobacco smoking; FEV1: Forced expiratory volume at 1 second; NA: Not applicable; NHANES: National

Health and Nutrition Examination Survey; NR: Not reported; SD: Standard-deviation
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Table S5. Individual studies included in the SR on the impact of active smoking (combustion or e-cigarette) on asthma-related outcomes in
adolescents or adults with asthma

Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine  period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
Arshad Cohort study England NR 26 To determine the association All children born at one 1,030 Children  NR 54.4 NR
2019 (prospective) years of current asthma and smoking hospital on the Isle of Wight and
with lung function from between January 1, 1989 and adults
childhood to early adult life. February 28, 1990
Boulay Quasi- Canada NR 1 hour To investigate the impact of a Asthmatic volunteers (no 10 Adults Range:21  NR NR
2017 experimental 1 hour acute vaping session of  additional details available) (=18 to 40
study nicotine-free and flavour-free years) years
e-liquid on the pulmonary
function and respiratory
mechanics of healthy and
asthmatic individuals.
Cerveri | Cohort study  Europe 1991— 9years To evaluate changes in Subjects without asthma and 17,480 Adults Range: 52 NR
2012 (retrospectiv 1993 smoking habits and their with asthma at baseline who (=18 20-44
e) and effects on lung function decline participated in both the years) years
1999- in subjects with asthma in ECHRS | (20—44 years old in
2002 comparison with the rest of the  1991-1993) and ECHRS |l
population, focusing on the (1999-2002).
healthy smoker effect.
Chalmers Randomized UK NR 10 To examine the effects of Patients with asthma 47 Adults Non- 44 Mild asthma
2002 clinical trial weeks active cigarette smoking on (reversibility to salbutamol of (=18 smokers:
the efficacy of inhaled >10% if the FEV1 at baseline years) 35.4 (9.7);
corticosteroid treatment in was <70% of predicted) with Smokers:
subjects with mild asthma. no history of productive cough. 34.6 (9 5')
Patients were excluded if ) )
having a history of upper
respiratory tract infection or
treatment with inhaled or oral
corticosteroids in the 2 months
prior to attendance
Chauduri Cohort study UK NR 1 year To prospectively study Smokers with asthma, aged 20 Adults Patients 60 NR
2006 (prospective) smokers with asthma who 18-60 years, with baseline (=18 who
successfully quit smoking and FEV < 85% predicted, < 15% years) continued
compare outcome measures reversibility of FEV after smoking:

nebulized albuterol, a smoking
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine  period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
with smokers with asthma who history of = 10 pack-years, and 45.7 (6.8);
continued to smoke. currently smoking = 10 patients
cigarettes/day (patients who who quit
continued smoking group). smoking
for 6
weeks:
49.5 (9.3).
Eisner Cohort study USA NR 4 years To examine the impact of Adult patients (aged 18 years 865 Adults 60.4 70 NR
2007 (prospective) cigarette smoking on asthma or older) who were (=18 (16.3)
severity, health status, and hospitalized at Northern years)
longitudinal health care California hospitals with an
utilization for asthma. asthma diagnosis during a 4-
year period.
Gallefoss Randomized  Norway 1994- 1 year To investigate the possible Patients with asthma (18-70 78 Adults Smoker 70 NR
2002 clinical trial 1995 influence of smoking on lung years of age) not suffering (=18 control:
function, quality of life and use  from any serious disease with years) 42 (9);
of services in patients with a pre-bronchodilator FEV1 smoker
asthma. equal to or higher than 80% of e
predicted value and either a )
positive reversibility test (at on: 41
least a 20% increase of PEF (17); non-
or FEV1 after inhalation of 400 smoker
pg of salbutamol), a control:
documented 20% 46 (14);
spontaneous variability (PEF non-
or FEV1) or a positive smoker
methacholine test. interventi
on: 41
(11)
Grarup Cohort study Denmark NR 3 To investigate the effects of Pregnant women with 1) 500 Adults 30.8 100 NR
2014 (prospective) months  current and former active asthma, defined according to (=18
after smoking as well as passive GINA guidelines, 2) At least years)
delivery  smoking on asthma control step 1 asthma therapy, i.e.,

during pregnancy.

rescue bronchodilator, 3) Visit
1 at the outpatient clinic within
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine  period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
the first 18 weeks of
pregnancy
Hancox Cohort study New NR 38 To investigate the effects of Population-based cohort of 1,037 Adults NR 48 NR
2016 (prospective) Zealand years smoking and asthma on the 1,037 individuals born in (=18
development of airflow 1972/73 primarily of New years)
obstruction in a population- Zealand/ European ethnicity.
based birth-cohort followed up ~ Pregnant women were
to age of 38 years. excluded.
James Cohort study  Australia  1966- 18 To examine the level and rate  Whole-population health 1,301 Children Females 54.8 NR
2005 (prospective) 1987 years of decline in lung function in surveys in Busselton, Western and with
and relation to asthma and Australia, undertaken at adults asthma
1994- cigarette smoking in adults. intervals of 3 years in adults 385
1995 (18 years of age) from 1966 to (14 9)
1981 and in children from 4
1968 to 1983. Follow-up study Males
in 1994 of all traceable with
subjects who had participated asthma
(as a child or as an adult) in 37.7
any previous survey (15.9)
Jang 2009 Cohort study Korea NR 1 year To evaluate the relationship Subjects with asthma from the 843 Adults Never 42 NR
(prospective) between smoking status and Asthma Genome Research (=18 smokers:
clinical and therapeutic Center of Soonchunhyang years) 47.8 (0.7);
parameters in patients with (Korea). Exclusion criteria: current
asthma. FEV1/ FVC less than 70% and Ph—
diffusing capacity less than SMo ersl.
80%. 46 (1.1);
ex-
smokers:
50.8 (1.2)
Jang 2010 Cohort study Korea NR 3 To evaluate the effect of Subjects from the Asthma 32 Adults Smoking 15 NR
(prospective) months  smoking cessation on lung Genome Research Center (=18 quitters:
function and quality of life in (Korea). years) 53.3 (4.3);
patients with asthma during Current
corticosteroid treatment. .
smokers:
45.6 (2.5)
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine  period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
Murphy Cohort study UK 2004- 14.8 To study the clinical Pregnant women with 80 Adults 18-43 100 NR
VE 2010 (prospective) 2006 (3.0) implications of smoking on physician diagnosed asthma (=18
asthma exacerbations in years)
pregnancy
Newman Cohort study USA Decem NR To estimate the effect of active  Pregnant women with mild or 1,419 Adults Smokers: 100 Mild/moderate
2010 (prospective) ber and passive household moderate-severe asthma. (=18 23.7 (5.6);
1994 cigarette smoke exposure on Exclusion criteria: foetal years) Non-
and asthma severity and obstetric demise, multiple gestation, smokers/
Februar and neonatal outcomes in gestational hypertension, No
y 2000 pregnant women with asthma.  congenital anomalies,
pulmonary disease other than Househol
asthma, gestational age >26 dETS
weeks, or planned delivery Exposure:
elsewhere. 24.4 (5.9)
Polosa Cohort study Italy 1990- 10 To investigate whether Clinic-referred non-asthmatic 135 Adults Never 57 NR
2011 (prospective) 2000 years cigarette smoking could be a adults with allergic rhinitis for (=18 smokers:
determinant of disease whom all explanatory years) 28.5 (6.4);
severity and poor asthma variables, asthma status at Current
control in clinic-referred follow-up, and smoking history Sl ers
allergic subjects who were available. Exclusion
developed new onset asthma.  criteria: past or present history 30.7 (5.4).
of asthma, previous asthma
symptoms or asthma
medication intake, and/or
abnormal spirometry values at
the time of their first visit.
Shimoda Cohort study  Japan NR 6 To evaluate the influence of Patients with (1) disease 133 Adults never 70.8 NR
2016 (prospective) months  cigarette smoking on airway reversibility with at least 12% (=18 smoker:
inflammation in patients with and 200-mL improvements in years) 41 years
asthma; to compare the effect FEV1 after bronchodilator old
of inhaled corticosteroids therapy, (2) provocative (sd=12);
between smoking and non- concentrations of acetylcholine ’
smoking in patients with that produced a 20% fall in current
asthma. FEV1 8000 g/mL in a test of smoker:
bronchial 42 years

hyperresponsiveness to
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine  period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
inhaled acetylcholine, and (3) old
history of wheezing and/or (sd=13)
dyspnoea.
Telenga Cohort study Netherla  NR 12 To investigate whether ex-, Baseline FEV1 between 50— 114 Adults Never- 65.7 NR
2013 (prospective) nds months  current- and never-smokers 85% predicted and reversibility (=18 smokers:
with asthma have different of FEV1 after nebulized years) 25;
inflammatory profiles and if albuterol (2.5 mg) of 15% or Current
current number of cigarettes or more. Exclusion criteria: e
packyears smoked affect such  asthma exacerbation, use of .
profiles. oral corticosteroids, or a 27 years;
respiratory tract infection Ex-
within 4 weeks before smokers:
inclusion, a recent peptic ulcer, 38 years
glaucoma, pregnancy, and
lactation.
Tiotiu Cohort study  France; 2012- NR To assess the influence of Asthma symptoms and either 176 Adults Never- 59.1 NR
2021 (prospective)  Spain 2018 active tobacco smoking on an airflow reversibility (=18 smokers:
(France asthma control, exacerbation (increase in FEV1 >12% years) 43 (13);
) 2013- rate, and lung-function reported to baseline and 200 Ex-
2019 parameters among patients mL following inhalation of 400 smokers:
(Spain) with asthma with different Mg salbutamol) or airway =
smoking histories (never- hyperresponsiveness (proved 46 (11);
smokers, ex-smokers, and by a positive methacholine Current
current-smokers). challenge test). smokers:
46 (17)
To 2012 Cohort study Canada 2003- 12 To measure the effect of Patients aged 18 to 55 519 Adults Smokers: 78.4 Mild to
(retrospectiv 2006 months  changing smoking status on identified with physician- (=18 39.1 (9.3); moderate
e) asthma symptom control and diagnosed mild to moderate years) Ex-
health services use in adults asthma. Exclusion criteria: smokers:
with asthma. patients with unclear diagnosis 42.7 (8 1')_
of asthma, physician- : D
diagnosed COPD, foreign Non-
body airway obstruction, smokers:
congenital heart disease, 40.8 (9.8)
bronchopulmonary dysplasia, New-

Alzheimer’s disease,

75



Allergy

Page 116 0f 118

Study

Study
design

Country/
Contine
nt

Study
period

Mean
follow
up
time

Study aim

Selection criteria

Number of Age Age %
participan  group (mean, wome
ts SD) n

Background
asthma
severity

Tommola
2016

Tennesen
2004

Cohort study
(prospective)

Randomized
clinical trial

Finland 1999-

2013

Denmark NR

12.2
years

months

To evaluate the effect of
smoking on lung function

decline in adult-onset asthma.

To examine the effect of
smoking reduction and
cessation on asthma
regulation and biomarkers of
exposure to cigarette smoke.

dementia, alcoholism or
significant neurological deficit.

Inclusion criteria: Age 215
years and diagnosis of new-
onset asthma by a respiratory
specialist, confirmed by at
least one of the following
objective lung function
measurements: FEV1
reversibility in spirometry of at
least 15% and 200 mL, diurnal
variability (220%) or repeated
reversibility (215%/60 L/min) in
PEF follow-up, a significant
decrease in FEV1 (15%) or
PEF (20%) in response to
exercise or allergen, a
significant reversibility in FEV1
(at least 15% and 200 mL) or
significant mean PEF change
in response to a trial with oral
or inhaled glucocorticoids;
symptoms of asthma.

Adult smokers (aged 18-60
years) with diagnosed asthma
(allergic or nonallergic) in a
stable phase. Eligible subjects
had to have smoked at least
10 cigarettes per day for at
least 3 years and present with
an expired CO level of at least
10 ppm. Subjects had to be
willing to reduce or quit
smoking. At entry, subjects
had to demonstrate a variation
in peak flow of greater than

smokers:
35.3 (6.9)
46.0
(13.7)

203 Adults
(=18

years)

58.1 NR

110 Adults 35 (8) 55 NR
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Background
design Contine  period follow participan group asthma
nt up ts severity
time
15% or an increase in FEV1 of
at least 15% after
administration of a f2-agonist.
Vignoud L  Cohort study France 1991- 12 To assess whether active Asthma patients, first-degree 416 Children NR
2011 (prospective) 2007 years smoking among subjects with relatives, and controls and
asthma influences the followed-up over 12 years. The adults
persistence of the disease or subjects participated twice: in
the 12-year evolution in lung the first survey and in the
function in children and adults  follow-up.
Westergaa Cohortstudy Denmark NR N/A To assess alterations in airway Inclusion criteria: (i) 18—40 46 Adults Moderate
rd 2013 (prospective) inflammation, airway years of age, (ii) current (=18 asthma
hyperresponsiveness to smoking with a daily years)
methacholine and other consumption of at least 10
disease parameters during 6 cigarettes per day within the
and 12 weeks of smoking last year, and a total
cessation in young asthma consumption of at least 10
patients not treated with pack-years, (iii) current asthma
steroids at baseline. symptoms within the last year,
confirmed through interview
with study physician and (iv) at
least one positive objective
diagnostic test suggestive of
asthma. Exclusion criteria: (i)
treatment with inhaled
corticosteroids, (ii) lower
respiratory tract infections
within the last three months,
(iii) chronic lung diseases, (iv)
pregnancy
Westerhof Cohort study Netherla  NR 2 years To identify predictors for the Recent (<1 year) diagnosis of 200 Adults NR
2014 (prospective) nds development of severe asthma  asthma. Patients were (=18
in adults. excluded if they had a self- years)

reported history of childhood
asthma or other chronic
respiratory diseases in
childhood, frequent episodes

7
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Study Study Country/  Study Mean Study aim Selection criteria Number of Age Age % Background
design Contine period follow participan group (mean, wome asthma
nt up ts SD) n severity
time
of dyspnoea as a child, or use
of a bronchodilator or other
asthma medication in
childhood.
Colak Cohort study Denmark 2003 - 4.4 To test the hypothesis that in Individuals aged 20 to 100 5,691 Adults Asthmatic 60.2 NR
2015 (prospective) unclear years individuals with asthma, never-  years randomly selected from (=18 never
smokers have different the national Danish Civil years) smokers:
characteristics and better Registration System, reflecting 53
prognosis than smokers the adult white Danish As;[hm citls
population of Danish descent. ex
smokers:
60;
Asthmatic
current
smokers:
56

COPD: Chronic obstructive pulmonary disease; ECRHS: European Community Respiratory Health Survey; ETS: Environmental tobacco smoking; FEV1:

Forced expiratory volume at 1 second; FVC: Forced vital capacity; NR: Not reported; SD: Standard-deviation
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