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Rationale: Individuals exposed to second-hand smoking may be more susceptible to asthma
and chronic obstructive pulmonary disease (COPD). We investigated the risk of respiratory
symptoms, asthma, and COPD in adults exposed to second-hand smoking at different stages
of life in the general population.

Methods: We identified individuals who had been exposed to second-hand smoking in
childhood only, adulthood only, or lifelong in a cohort of 20,421 adults from the Danish
General Suburban Population Study and recorded respiratory symptoms, lung function,
asthma, and COPD as outcomes.

Results: Among 20,421 adults from the general population, 2,551 (12%) had been lifelong
exposed to second-hand smoking, 459 (2%) had been exposed in adulthood only, and 13,998
(69%) had been exposed in childhood only; the mean ages of the three groups were 54 years,
55 years, and 57 years, respectably, compared with 56 years in non-exposed individuals
(P<0.001). Equivalent values for the prevalence of current smoking were 25%, 20%, and
18% versus 12% (P<0.001). After adjustment for age, smoking, and sex, the odds ratios for
wheezing, severe dyspnoea, cough on exertion, and asthma increased as a function
of second-hand smoke exposure (Ps<0.004); individuals who had been exposed to second-
hand smoking lifelong, in adulthood only, or in childhood only versus non-exposed had
increased odds ratios for wheezing of 1.62 (95% CI=1.41-1.87), 1.50 (1.15-1.94), and 1.16
(1.04-1.30). Corresponding values were 2.08 (1.52-2.85), 2.05 (1.22-3-44), and 1.23 (0.95-
1.59) for severe dyspnoea, 1.56 (1.33-1.83), 1.53 (1.15-2.02), and 1.19 (1.05-1.35) for
cough on exertion, 1.36 (1.14-1.63), 1.49 (1.09-2.05), and 1.13 (0.99-1.30) for asthma, and
1.24 (1.03-1.48), 1.25 (0.90-1.74), and 1.09 (0.96—1.24) for COPD. The population attribu-
table fractions of asthma and COPD due to lifelong second-hand smoke exposure were 4.3%
and 2.9%.

Conclusion: Individuals exposed to lifelong second-hand smoking have increased risks of
respiratory symptoms, asthma, and COPD, and may account for 4.3% and 2.9% of people
with asthma and COPD in the general population.

Keywords: atopy, chronic obstructive pulmonary disease, passive smoking, pulmonary

function, wheezing

Introduction

Exposure to second-hand smoking leads to more than 880,000 deaths annually
according to the World Health Organization.' Exposure to second-hand smoke for
1 hour has been shown to reduce lung function for the following hour, and
prolonged second-hand smoke exposure has been shown to increase wheezing
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and other respiratory symptoms, and perhaps the suscept-
ibility to asthma and chronic obstructive pulmonary dis-
ease (COPD).*’

Passive smoking has been extensively studied in chil-
dren, and it has been found that maternal smoking during
pregnancy and childhood reduces lung function, and
increases the risks of asthma and wheezing in
offspring.>%*? It has been suggested that the lungs are
childhood,

that second-hand smoke exposure during these stages

vulnerable during pregestation and and
may be particularly damaging to the lungs.®*'® Studies
have also suggested that second-hand smoke exposure in
adult life leads to reduced lung function, and maybe
increased risk of asthma and COPD, as well as respiratory
symptoms such as breathlessness and coughing.''™"?
However, studies of risk of asthma and COPD in adults
according to second-hand smoke exposure in childhood
only, adulthood only, or lifelong are limited.

We hypothesized that individuals exposed to second-
hand smoking in childhood, adulthood, and/or lifelong
compared to non-exposed are at higher risk for respiratory
symptoms, asthma, and COPD in the general population.
To test this, we identified second-hand smoke exposure at
different stages of life in a cohort of 20,421 individuals
from the Danish General Suburban Population Study and
recorded respiratory symptoms, lung function, asthma, and
COPD as outcomes.

Materials and Methods
Study Design and Participants

The Danish General Suburban Population Study is a cross-
sectional study performed from 2010-2013 in the Danish
municipality of Naestved.'* All individuals in Denmark are
assigned a unique identification number at birth/immigra-
tion and recorded in the national Danish Civil Registration
System. By using this unique number, individuals aged 20
+ were randomly selected and invited from the National
Danish Civil Registration System to reflect the adult
Danish Population. A total of 21,205 individuals com-
pleted a comprehensive questionnaire and underwent
a physical health examination.'* The study was approved
by the institutional review board at Zealand University
Hospital (Dept of Production, Forskning og Innovation,
REG-077-2018) and the local ethical committee of
Region Zealand (SJ-113, SJ-114) and was conducted
according to the Declaration of Helsinki. All participants
provided written informed consent.

Study Outcomes and Spirometry

Dyspnoea was graded according to a slightly modified
version of the British Medical Research Council question-
naire’s breathlessness scale grade II and IV as previously
described:' Light dyspnoea was an affirmative response
to the question “Do you get shortness of breath when you
walk at an ordinary pace alongside someone your own
age?” and severe dyspnoea was an affirmative response
to the question “Do you get shortness of breath during
morning toilette or when you get dressed?”. Wheezing was
defined as whistling or wheezing while breathing. Cough
on exertion was defined by coughing during physical
activity. Smoking status was defined as never, former, or
current smoking. Physician-diagnosed asthma was defined
as an affirmative response to the question “Has a physician
ever told you that you have/have had asthma?”. Lung
function was measured by a hand-held Spirometer
(MicroLoop, Micro Medical Ltd, Kent, UK) as
described.'* Predicted values of FEV,% and FVC% were
calculated based on international derived reference
values.'® COPD was defined as prebronchodilator FEV,
/FVC<0.7 excluding asthmatics.

Definition of Study Population

Exposure to second-hand smoke in childhood was self-
reported maternal smoking during pregnancy and/or
parental smoking in the childhood home. Exposure
to second-hand smoking in adulthood was self-reported
>1 hour/day exposure to passive smoking (ie, tobacco
adults
Lifelong second-hand smoke exposure was defined as self-

smoke) in aged 20 years and above.
reported exposure to second-hand smoking during child-

hood and adulthood.

Statistical Analyses

We used STATA 12.1 for the statistical
(StataCorp, College TX). A
P-value<0.05 was considered significant. Categorical vari-

analyses
Station, two-tailed
ables were analysed using Pearson’s y-test, and continu-
ous variables were analysed using the Student’s f-test.
Logistic regression models were adjusted for age, sex,
and smoking status as appropriate. Population attributable
fractions were calculated to estimate the fraction of asthma
and COPD cases attributable to lifelong second-hand
smoking exposure in the study sample: PAF = f{OR—1))/
(1+/(OR-1), where f is the prevalence of second-hand
smoking in the study sample.
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Table | Characteristics of Individuals Exposed to Second-Hand Smoking in the General Population

No Exposure

Childhood Exposure Only

Adulthood Exposure Only

Lifelong Exposure

(n=3,413) (n=13,998) (n=459) (n=2,551)
Age 55.5£15.6 56.5+13.0% 55.2£14.9 54.1£12.7¢F
Male/female 1,492/1,921 6,217/7,781 233/2261 1,324/1,227+
Never smoker | 1,822 (54%) 5,801 (42%)* 246 (54%)* 1,052 (41%)*
Ex-smoker 1,173 (37%) 5,693 (41%)* 123 (27%)* 845 (33%)*
Current smoker | 402 (12%) 2,452 (18%)* 90 (20%)* 642 (25%)*

Notes: Values are means+SD or numbers (%). No exposure=no second-hand smoke exposure (control). TP<0.01, ¥P<0.001 versus individuals not exposed to second-hand

smoking by Student’s t-test or Pearson’s 2 -test.

Results
Socio-Demographics
Among the 20,421 adults in the Danish General Suburban
Population Study, 13,998 (69%) had been exposed
to second-hand smoking during childhood only, 459 (2%)
had been exposed to second-hand smoke during adulthood
and 2,551 (12%) had been
second-hand

exposed to
(Table 1).

Individuals exposed to lifelong second-hand smoking

only,

lifelong smoke exposure
were more likely younger (54.1 years), males (52%), and
current smokers (25%) compared to non-exposed indivi-
duals (Table 1). Individuals exposed to second-hand
smoke during adulthood only versus non-exposed were
more likely males (51%) and current smokers (20%),

while those individuals who were exposed to second-

hand smoke in childhood only were more likely older
(56.6 years) and current smokers (18%).

Respiratory Symptoms

The multiple adjusted odds ratios for light dyspnea, severe
dyspnea, wheezing, and cough on exertion increased as
a function of second-hand smoke exposure in the general
population (Ps<0.001; Figure 1). Individuals who had
been exposed to second-hand smoking lifelong, in adult-
hood only, or in childhood only had increased odds ratios
for light dyspnea of 1.76 (95% CI=1.47-2.11), 1.43 (1.02—
2.00), and 1.14 (0.99-1.31), respectively, compared with
non-exposed individuals. Corresponding values for severe
dyspnea were 2.08 (1.52-2.85), 2.05 (1.22-3-44), and 1.23
(0.95-1.59), for wheezing 1.62 (1.41-1.87), 1.50 (1.15-

Light dyspnoea Severe dyspnoea
No. events OR  95%Cl No. events
: ° Itot. events ! OR 95%CI
Itot. events H for trend: : p for trend:
No exposure  280/3,356 é 20_001 : 73/3,364 : <0.001
H H
' I—.—i' . B =1..
Childhood exposure  1,351/1,631 P 114 0.99-1.31 405/478 ; 1.23 0.95-1.59
| H
H 1
H — e Y
Adulthood exposure  53/333 ————— 1.43 1.02-2.00 21194 ' 205 1.22-3.44
H H
H H
' — X
Lifelong exposure 321/601 : A 1.76 1.47-2.11 110/183 ' 2.08 1.52-2.85
' . - . 1
' T T T 1
1 15 2 25 1 15 225
OR with 95% Cl OR with 95% Cl
Wheezing Cough on exertion
No. events OR  95%CI No. events OR 95%CI
Itot. events \ Itot. events ]
No exposure  468/3,342 . p for trend: 367/3,355 . p for trend:
' <0.001 ! <0.001
Childhood exposure 2,445/2,913 | —e—i 1.16 1.04-1.30 1,895/2,262 E —e—i 1.19 1.05-1.35
! ,
Adulthood exposure 98/566 i e 1.50 1.15-1.94 771444 : — 153 1.15-2.02
! :
Lifelong exposure 607/1,075 E —— 1.62 1.41-1.87 463/830 H ——— 1.56 1.33-1.83
! :
1 15 2 25 1 15 2 25

OR with 95% CI

OR with 95% CI

Figure | Risk of light dyspnoea, severe dyspnoea, wheezing, and cough on exertion in individuals exposed to second-hand smoking in the general population. Logistic

regression models adjusted for age, sex, and smoking status.
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1.94), and 1.16 (1.04-1.30), and for cough on exertion
1.56 (1.33-1.83), 1.53 (1.15-2.02), and 1.19 (1.05-1.35).

Lung Function
FEV % predicted and FVC% predicted were significantly
reduced as a function of second-hand smoke exposure in
the general population (Ps<0.001, Figure 2). Individuals
who had been exposed to second-hand smoking lifelong,
in adulthood only, or in childhood only had reduced FEV,
% predicted values of 93%, 95%, and 95%, respectively,
compared with 97% in non-exposed individuals.
Corresponding values for FVC% predicted were 97%,
97%, and 99% versus 100% in non-exposed individuals.
The reduction of 4% in FEV,% predicted in indivi-
duals who had been exposed to lifelong second-hand
smoking versus non-exposed corresponds to a 102 mL
reduction of FEV| in an average 55 year old female of
165 cm height, or a 118 mL reduction of FEV; in an
180

Corresponding values for the 3% reduction in FVC% pre-

average 55 year old male of cm height.

dicted related to lifelong second-hand smoking were
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Figure 2 FEV,% predicted and FVC% predicted in individuals exposed to second-
hand smoking in the general population. Values are mean and SD. TP<0.01, ¥P<0.001
versus individuals not exposed to second-hand smoking.

85 mL in a 55 year old female of 165 cm height and
101 mL in a 55 year old male of 180 cm height.

Risk of Asthma and COPD

The multiple adjusted odds ratios for physician-diagnosed
asthma increased as a function of second-hand smoke
exposure, but not for COPD (Figure 3). Individuals who
had been exposed to second-hand smoking lifelong, in
adulthood only, or in childhood only had increased odds
ratios for physician-diagnosed asthma of 1.36 (1.14-1.63),
1.49 (1.09-2.05), and 1.13 (0.99-1.30), respectively, com-
pared with non-exposed individuals (Figure 3).
Corresponding values for COPD were 1.24 (1.03-1.48),
1.25 (0.90-1.74), and 1.09 (0.96-1.24). When the defini-
tion of asthma included individuals receiving daily asthma
medication, similar results were seen (Supplementary
Figure 1). Individuals who had been exposed to second-
hand smoking lifelong, in adulthood only, or in childhood
only had odds ratios for atopy of 1.14 (0.99-1.32), 1.22
(0.93-1.59), and 1.22 (1.10-1.36), respectively, compared
with non-exposed individuals (Supplementary Figure 2).

In sensitivity analyses when stratifying according to
smoking status, similar results were seen, except for
COPD risk, which was elevated in ever smokers but not
in never smokers (Supplementary Figures 3-5). When

stratifying according to sex, similar results were seen,
except for asthma risk, which was elevated in females
but not in males (Supplementary Figures 6-8). When

stratifying according to the presence of airway obstruction,
similar results were seen, except for asthma risk, which
was increased in individuals without airway obstruction
but with
(Supplementary Figures 9-11). When analyzing only

not in individuals airway  obstruction

those individuals who were below 40 years with estimated
fewer years of memory recall, similar results were seen for
asthma risk, and similar but elevated results were seen for
two out of three of the analyses for COPD, although the
differences did not achieve statistical significance for all
the analyses (Supplementary Figure 12). Because of the

small size of the subgroups analyses, these results should
be interpreted with care.

Discussion

Our study of a cohort of 20,421 adults contributes results
from the hitherto largest study of second-hand smoke
exposure at different life stages in the general population.
The main finding of this study is of a dose-response
relation between exposure to second-hand smoking and
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Asthma COPD
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Figure 3 Risk of asthma and COPD in individuals exposed to second-hand smoking in the general population. Logistic regression models adjusted for age, sex, and smoking

status.

respiratory symptoms, pulmonary function, and risk of
asthma in the general population. We found that indivi-
duals who had been exposed lifelong to second-hand
smoking versus non-exposed had more light dyspnoea,
severe dyspnoea, wheezing, and cough on exertion, 3—
4% reductions in FEV% predicted and FVC% predicted,
a 1.36-fold increased risk of physician-diagnosed asthma,
and a 1.24-fold increased risk of COPD. The study also
revealed that second-hand smoke exposure in adulthood
was associated with reduced lung function, and with
increased risks for dyspnoea, wheezing, cough, and
asthma, while second-hand smoke exposure in childhood
was associated with reduced lung function, and with
increased risks of wheezing and cough in adults.

Consistent with our finding of an elevated odds ratio for
physician-diagnosed asthma of 1.36, previous reports have
also observed positive associations between second-hand
smoke exposure and asthma risk or asthma-related symp-
toms in adults.””'> An American study of 46,182 women
found an elevated hazard ratio for incident asthma of 1.21
in those individuals who had been exposed to second-hand
smoking for at least 1 hour per day for 12 consecutive
months or more,'” and a Korean study of 820,710 adults
found odds ratios for ever asthma of 1.13 (95% CI=1.02—
1.26) and 1.14 (0.94-1.39) in those who had been exposed
to second-hand smoking for at least 1 hour per day at work
or at home, respectively.'® Three other recent studies of
adults found no significant associations between passive
smoking and asthma risk in overall analyses, but found
significant associations for wheeze, asthma symptom
score, and/or lung function decline supporting that second-
hand smoking exposure may contribute to asthma-related
symptoms and asthma in adults.'®'

In the current study, we showed that individuals who
had been exposed to second-hand smoking lifelong or in
adulthood only had more dyspnoea, wheeze, cough, and

reduced lung function. These respiratory symptoms in
adults who had been exposed to second-hand smoking

19-21
K and

corroborate the results from previous studies,
accord with the observed higher prevalence of asthma in
our study. In support, the results also showed that indivi-
duals who had been exposed to second-hand smoking in
childhood only had more wheezing, cough, reduced lung
function, and a trend towards higher risk of asthma. If our
results show the true magnitude of the effect of second-
hand smoke exposure on asthma in the general population,
it can be estimated as a population attributable fraction
that lifelong second-hand smoking may account for 4.3%
of asthma in the study sample. This indicates that exposure
to second-hand smoking contributes to a significant num-
ber of asthma cases in the general population. Estimates of
population attributable fractions from previous studies
using other study populations and designs ranged from
8.8% to 44% for asthma,” suggesting that second-hand
smoke exposure may contribute to a considerable fraction
of asthma cases in populations in other parts of the World.

Previous studies examining second-hand smoke expo-
sure also reported susceptibility to COPD,"'""**-* support-
ing the observations in the current study. A Chinese study
of 6,497 adults found an increased odds ratio for spirome-
try-defined COPD of 1.48 in those individuals who had
been exposed to second-hand smoking at home and work
for 40 hours a week or more for more than 5 years,' and
two meta-analyses have found elevated risk estimates for
COPD of 1.20 and 1.66 among non-smokers who had been
exposed to second-hand smoking.”*** We found an ele-
vated odds ratio for COPD of 1.24 in individuals exposed
to lifelong second-hand smoking in the general population,
present irrespective of adjustments for age, sex, and smok-
ing status. In addition, previous studies have also reported
reduced lung function in individuals exposed to second-
hand smoking.'”?® The 4% lower value of FEV,%
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predicted in individuals who had been exposed to
lifelong second-hand smoking in the current study corre-
sponded to reductions of 102 mL and 118 mL in FEV; in
women and men, respectively. These reductions may not
be trivial as they are comparable in magnitude to the
minimally clinically important difference of 100 mL pro-
posed for through FEV, in clinical trials.*> If our results
show the true magnitude of the effect of second-hand
smoke exposure on COPD in the general population, it
can be estimated as a population attributable fraction that
lifelong second-hand smoking may account for up to 2.9%
of COPD in the study sample, which compares with values
ranging from 4% to 27% in studies using other study
populations and designs.?*

In our study second-hand smoke exposure was more
common in childhood and less common in adulthood,
which accords well with the high frequency of Danish people
who previously smoked?® and with the current smoking ban
instigated in 2007, leading to more smoke-free environments
and an increased awareness of the harmful effects of second-
hand smoke exposure at home and at work. Daily exposure
to second-hand smoking has decreased in the Danish popula-
tion from 73% in nonsmokers in 1987%’ to 24% in nonsmo-
kers in the present study. A recent Canadian study showed
that the most important contributor to elevated cotinine in
non-smokers who had reported second-hand smoke exposure
was “at home” exposure, and that cotinine levels were espe-
cially high for those individuals who were living in apart-
ments compared to those living in single-detached homes.?®
In the current study the reported second-hand smoke expo-
sures probably more likely reflect “at home” exposure than
exposure outside home since childhood exposure was
defined as parental smoking at home and/or maternal smok-
ing, and because current adulthood exposure outside the
home has been considerably reduced after the current smok-
ing ban was instigated in 2007. Information regarding peo-
ple’s homes in the current study are unfortunately not
available, but in Naestved municipality about 11,000 (28%)
out of the 39,398 established homes are apartments accord-
ing to Statistics Denmark.

The strengths of our study include a randomly chosen
sample of an ethnically homogenous population, and blind-
ing of investigators to risk factor status and clinical out-
comes investigated. A potential limitation of our study is
that the second-hand smoke exposures were by self-report.
However, because sensitivity analyses stratified for smoking
habits, sex, and airway obstruction showed almost similar
results, and since we observed an independent dose—

response relationship, we do not think that potential recall
bias substantially influenced the results. The definition of
childhood second-hand smoke exposure did not include
information on the number of smokers in the
household, years through age 20 living with smokers, and
amount of exposure to passive smoking. Thus, there might
be subgroups with high childhood exposure and even higher
increased risk of some of the outcomes examined. We used
prebronchodilator FEV1/FVC<0.7 instead of postbroncho-
dilator spirometry for defining COPD, but excluded asth-
matics, as in our previous study.”’ Because the previous
study found similar results for pre- and postbronchodilator
COPD and since using a more stringent COPD definition in
the current study showed similar results to those presented

(Supplementary Figure 1), we do not think that possible

misclassification of COPD considerably affected our results.
However, if misclassification of COPD exists this may have
pulled the results for COPD away from the null hypothesis,
increasing the risk of a false positive finding. Another
potential limitation is that some of the individuals suffering
from pulmonary symptoms and disease may not have
attended the physical examination and participated in the
study. This could theoretically tend to bias the results
toward the null hypothesis and lead us to underestimate
the associations observed in the cohort. Finally, we used
a sample of the Danish population, and generalizability of

our data to other populations may potentially be

constrained.
Conclusions
The results show a  dose-response  relation

between second-hand smoke exposure and reduced lung
function, and increased risks of dyspnoea, wheezing,
cough, and asthma in the general population. Individuals
who had been exposed lifelong to second-hand smoking
had 1.6-2.1-fold increased risk of respiratory symptoms,
3-4% reductions of FEV,% predicted and FVC% pre-
dicted, a 1.4-fold increased risk of asthma, and a 1.2-fold
increased risk of COPD in the general population.

Abbreviations

CI, confidence interval; COPD, chronic obstructive pul-
monary disease; FEV;, forced expiratory volume in
first second; FVC, forced vital capacity.
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data and scripts are available according to Danish law.
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