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Abstract.
BACKGROUND: Although several studies have found a link between parental or workplace smoking and asthma risk,
particularly in children and adolescents, only a few studies have found this link in adults.
OBJECTIVE: This study aimed to investigate the associations of sociodemographic factors, health behavior, and parental
or workplace smoking with adult asthma risk in the United States (US).
METHODS: A secondary data analysis on 874 participants aged 25–45 was performed using data from the 2011–2014
National Survey of Midlife Development in the United States Refresher. Participants were divided into smokers and non-
smokers. Participants were further divided into groups A (a father or mother with a smoking history) and B (others in the
house or colleagues in the workplace who had a smoking history).
RESULTS: Findings from the FREQ procedure revealed that sociodemographic (female, black, school or college education,
unmarried/divorced, and employed) and lifestyle (no alcohol intake, physically inactive, and obese) and clinical (diabetes
and joint disease) factors were significantly associated with one- or more-fold odds of asthma among adult smokers than
nonsmokers. Adult smokers in group A, particularly females, those with a high school or college education, physically
inactive, and overweight or obese, had a higher risk of asthma than those in group B.
CONCLUSION: Adult smokers’ risk of developing asthma is increased in the US by having smoked with their parents,
being a woman, being black, having a school or college education, being single or divorced, working, not drinking alcohol,
being physically inactive, being obese, having diabetes, and having a joint disease.
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1. Introduction

Asthma has been recognized as a significant public
health problem since the 1970 s [1]. The prevalence
of asthma worldwide has increased by 12.6% since
the 1990 s [2]. The global prevalence of self-reported,
doctor-diagnosed, and treated clinical asthma in
adults was estimated to be 4.3% and 4.5%, respec-
tively, with a 21-fold variation among 70 countries
(0.2% in China and 21.5% in Australia) [3]. The
five countries with the highest prevalence of clini-

cal asthma were Australia (21.5%), Sweden (20.2%),
the United Kingdom (UK) (18.2%), the Netherlands
(15.3%), and Brazil (13.0%) [3]. Approximately 9%
of the population of the United States (US) [4] and
6.5% of those in the UK have asthma [5]. From
2000–2010, the average cost per asthma-related hos-
pital stay in the US for adults increased from $5,200
to $6,600.

Smoking leads to acute bronchoconstriction and
lung damage [6], which reduces lung function
[7]. Additionally, smoking reduces responsiveness
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to glucocorticoids [8], which leads to an increase
of T-lymphocytes (mainly CD8 cells [9] and
macrophages) within the airway walls. Thus, in
smokers, the peripheral airways are infiltrated by
mononuclear cells and macrophages [10]. Previous
studies have shown that the rate of decline in lung
function is more accelerated in smokers with asthma
than in nonsmokers without asthma [11]. Moreover,
an accelerated decline in lung function over time has
been found in asthmatic individuals [12] due to their
lower forced expiratory volume in one second.

Numerous studies have explored the risk factors for
asthma among children [13, 14], especially those liv-
ing in the US [15, 16]. These studies identified older
age, obesity, low socioeconomic status, smoking, and
physical inactivity as asthma risk factors. One study
also found that a group of US children, tweens, and
adults had poor asthma outcomes because of ongo-
ing exposure to modifiable factors, such as tobacco
smoke, being overweight, modest physical activity,
and limited family incomes [16]. One risk factor, as
well as a common asthma trigger, is cigarette smok-
ing, mainly passive (secondhand) [17]. A widespread
and avoidable risk factor, passive smoking exposes
individuals to more than 7,000 chemicals, including
toxic hundreds, that may cause cancer [18]. Parental
smoking is a common source of passive smoking.

Several studies have shown that parental smok-
ing history is associated significantly with asthma
risk, especially among children and adolescents
[19, 20]. Limited studies have shown this associ-
ation in adults [21]. However, these studies differ
methodically (e.g., setting, population, self-reported
smoking, history). Thus, the current research inves-
tigates the associations of sociodemographic (sex,
race, education, marital status, and employment sta-
tus), lifestyle (alcohol intake, physical inactivity,
obesity, and central obesity), clinical (diabetes, joint,
and cardiovascular diseases) factors, and parental or
workplace smoking with adult asthma risk in the
US. This research hypothesized that those who grew
up living with smokers, especially with a father or
mother, could be at risk for triggering asthma.

2. Methods

For this secondary analysis, data was used from
the National Survey of Midlife Development in
the United States (MIDUS) refresher conducted
between 2011 and 2014, as previously explained
[22]. The 2011–2014 MIDUS refresher study data

was selected because the new national probabil-
ity sample was intended to expand and refresh the
MIDUS study overall by recruiting a new sample with
demographics similar to those of MIDUS 1 partici-
pants. The MIDUS refresher was an interdisciplinary
study investigating psychosocial factors and health
in adults by collecting demographic and biomarker
data through an initial structured telephone interview
and clinic visit. The combined response rate for the
telephone interview and clinic visit was weighted to
all eligible respondents across sample types to obtain
unbiased estimates by including them in the analyses.
The recruitment and assessment procedures utilized
for the MIDUS refresher are available elsewhere [23].

The collected data in the MIDUS refresher has
complied with the data protection and privacy regula-
tions of the National Archive of Computerized Data
on Aging (NACDA). The institutional review board
(IRB) of Harvard University, Georgetown Univer-
sity, the University of California at Los Angeles, and
the University of Wisconsin approved the MIDUS
refresher. All participants in the MIDUS refresher
provided written informed consent. The current study
does not require IRB approval due to a secondary
analysis performed using the original data from the
MIDUS refresher. This can be explained by the lack
of personal information in the data and the inabil-
ity to obtain the codes due to proper coding, both of
which prevent retrieval of the data. Since there were
no human participants in this study, no consent was
needed from the participants.

In this study, 874 adults aged between 25 and 45
years with smoking status data were included exclud-
ing those who answered “don’t know” or “refused”
(n = 588). Individuals older than 45 years (n = 2,115)
were also excluded. The inclusion was limited to
24–45 years of age due to an overlap in the diagnosis
of adult-onset asthma in the older age group, which
was particularly apparent in the survey-collected
data. All participants were categorized as smokers
or nonsmokers based on self-reporting to the fol-
lowing questions: “Have you ever smoked cigarettes
regularly—that is, at least a few cigarettes every
day?” If a person answered “no,” they were consid-
ered nonsmokers, whereas they were determined as
smokers if they responded to the question “yes.” This
question was broadly similar to a question asked in a
previous study [24].

Parental smoking was determined based on the
following self-reported question. “When you were
growing up–that is, during your first 16 years—did
you live with anyone in your household who
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smoked cigarettes or other tobacco products (other
than yourself)—FATHER or MOTHER?” Workplace
smoking was defined by asking, “While at your job
in the past, did anyone regularly smoke cigarettes
or other tobacco products in your immediate work
area (other than yourself)?” Group A included par-
ticipants who answered “yes” to the first question
and defined it as parental smoking, while Group B
included those who answered “yes” to the second
question.

The outcome of asthma was assessed based on
self-reporting: “In the past twelve months, have you
experienced or been treated for asthma?” If a per-
son answered “no,” they were considered to have
no asthma, whereas those who answered “yes” were
believed to have asthma. This question was similar to
a question in a previous study [3].

This research included a series of sociodemo-
graphic, lifestyle, and clinical factors such as sex,
race, education, marital status, employment status,
alcohol intake, physical inactivity, obesity, diabetes,
and joint and cardiovascular diseases. The follow-
ing variables were dichotomized: male (used as
a reference) and female, white (used as a refer-
ence) and Black/Asian, school/college and graduates
(used as a reference), married (used as a refer-
ence) and unmarried/divorced/widow, employed and
unemployed (used as a reference), and alcohol con-
sumption (yes and no). An alcohol intake was used
as a reference.

The physical inactivity was assessed based on the
self-reported question: “How often do you engage
in vigorous physical activity?” [25] Physical inac-
tivity was determined if the participants answered:
“once a month,” “less than once a month,” or “never”
[26]. Obesity was assessed using body mass index
(BMI), which is calculated by dividing individuals’
weight in kilograms (kg) by height in meters (m)
squared. The participants’ height (in inches) was
multiplied by 0.0254 to obtain the height in meters.
The weight (in pounds) was multiplied by 0.4536 to
acquire the mass in kilograms. The height was set at
84 inches to restrict extremes if it was greater than
84 inches.

The central obesity was determined using a self-
reported question: “What is your waist size—that is,
how many inches around is your waist?” Patients
were instructed to measure their waist circumfer-
ence (WC) at the level of their navel at the vastest
point using non-stretchable tape. Ensured partici-
pants did not measure over clothing (including thin
clothing) and recorded answers to the nearest quarter

(¼) inch. The status of other diseases (e.g., cardiovas-
cular diseases, diabetes, and joint/bone diseases) was
measured using the dichotomous indicators “yes” and
“no” (reference).

The Farrington-Manning test was used to estimate
the required sample size for each group to prove
accurate results by using the level of significance
(alpha = 0.05), power (0.8), and proportion between
groups (0.32, 0.21) [27]. Based on this test, the min-
imum sample for each group was 213. Further, the
Kolmogorov-Smirnov test was used to determine the
normality of the continuous variables [28]. The data
was presented as the mean (standard deviation) for
continuous variables and the number (percentage) for
categorical variables. The chi-square test was used
for the categorical variables and independent student
t-tests for the continuous variables to identify statis-
tically significant differences between smokers and
nonsmokers.

The FREQ procedure was used to assess the preva-
lence of smokers, nonsmokers, and groups (A and
B). The associations of demographic, behavioral, and
clinical risk factors with the risk of asthma among
adults with smokers compared to nonsmokers were
examined using the FREQ procedure [29]. A multi-
variable regression analysis was performed to test for
possible confounding interactions affecting asthma
occurrence with a high degree of collinearity. To
achieve this analysis, the following conditions were
applied: tolerance value and eigenvalues should not
be below 0.1 or close to 0, respectively. The FREQ
procedure was also used to assess the prevalence and
risk of asthma according to demographic, behavioral,
and clinical risk factors by group (A and B) among
smoking adults. A significance between asthma and
exposure to smoke during childhood was determined
using the Chi-square test. Furthermore, odds ratios
(ORs) with associated confidence intervals (95% CI)
were calculated.

The age of asthma onset in groups A and B was
assessed using unadjusted and adjusted multiple lin-
ear regression models. The adjusted model includes
age, sex, race, education, marital status, employment
status, alcohol intake status, obesity, central obesity,
joint/bone disease, diabetes, and cardiovascular dis-
ease. The Kaplan–Meier (log-rank) test was used
to assess the relationship between childhood smoke
exposure and the onset of asthma in groups A and
B. All statistical analyses were accomplished using
SAS version 9.4 (SAS Corporation Inc., Cary, NC,
USA), and statistical significance was determined as
a p-value <0.05.
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Fig. 1. The flow diagram of the study sample through the MIDUS
refresher.

3. Results

Of 3,577 participants, 874 were included in the
analysis after excluding missing data or who refused
to fill in the questionnaires (16.4% of 588). Those
older than 45 (59.1% of 2,115) were excluded. The
study included 490 (56.1%) smokers and 384 (43.9%)
nonsmokers (Fig. 1). The majority of adult smokers
significantly had attained high school/college educa-
tion (70.1%) (Table 1). The prevalence of asthma was
higher in smokers (11%) and group B (6.2%) than in
nonsmokers and group A (Fig. 2).

Female sex, Black race, school/college education,
unmarried/divorce status, employed status, no alco-
hol intake, physical inactivity, obesity, diabetes, and
joint diseases were significantly associated with 1-
or more-fold odds of asthma. Diabetes and joint/bone
diseases had two- or more-fold odds of asthma among
adults who smoked (Fig. 3). The prevalence of asthma
was greater (10% or more) in adult smokers who
grew up living with a father or mother who had
a smoking history, especially among males with
a school/college education, physical inactivity, and
overweight/obesity. Adult smokers -especially those
with physical inactivity and overweight/obesity-
were more likely to have asthma (10% or more) if they
grew up living with others in the house or workplace
who had a smoking history (Fig. 4).

Female sex, black race, school or college educa-
tion, being unmarried or divorced, being employed,
having no alcohol intake, being physically inac-
tive, being obese, having diabetes, and having joint
diseases were significantly associated with 1- or
more-fold odds of asthma among adults who smoked

and grew up living with a father or mother who had
a smoking history (Fig. 5). The mean age of asthma
onset varied significantly by smoking history (18.3
years in group A and 18.5 years in group B, p = 0.021)
after adjusting for covariables (Fig. 6).

The results comparing the age at which the indi-
vidual began to smoke regularly and the probability
of asthma onset for groups A and B are shown in
Fig. 7. The log-rank tests for homogeneity indicated
no significant difference in groups regarding the age
at which smoking began and asthma onset (p = 0.150).
The Kaplan-Meier curve estimating the probability
of asthma onset among smokers aged 30 years was
about 0.8 for group B and 0.4 for group A.

4. Discussion

The results showed that female sex, black race,
school or college education, unmarried or divorced
status, employed status, no alcohol intake, physi-
cal inactivity, and obesity were associated with an
increased risk of asthma. Moreover, adult smokers
who grew up living with smokers, especially a father
or mother, were at increased risk of asthma compared
to workplace smoking. The mean age of asthma onset
varied slightly among those living with smokers, such
as a father, mother, others in the house, or colleagues
at the workplace. About 60% of adult smokers who
grew up with a smoking father or mother triggered
asthma.

The findings of this study were broadly consistent
with a previous study that showed that both par-
ents’ smoking more than half a pack of cigarettes
a day was significantly associated with a 2.9-fold
risk of physician-reported asthma and a 3.3-fold risk
of current asthma among participants in grade 7
[30]. Another study found that cigarette smoking
was consistently associated with prevalent asthma in
a sample of 57,779 adults aged 20 years or older
from six geographical regions in China [21]. They
also showed that a 10-year increase in age was asso-
ciated with an increased risk of asthma in primary
school graduates or those without formal education.
A possible trigger of asthma among smokers might
be the increase in T-lymphocytes, mostly CD8 cells
and macrophages within the airway wall, and the
infiltration of mononuclear cells and macrophages
into the peripheral airways [8, 31]. A recent study
revealed that children for whom both parents smoked
had the highest urine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol and cotinine concentrations [32,
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Table 1
Descriptive characteristics among adults with smoking status

Characteristics Smoker Nonsmoker P-value
N = 490 (56.1%) N = 384 (43.9%)

Age in years, mean (SD) 35.3 (5.7) 35.9 (5.7) .083
Sex, n (%) .814

Male 240 (49) 185 (48.2)
Female 250 (51) 199 (51.8)

Race, n (%) .511
White 97 (19.9) 69 (18.1)
Black/Asian 69 (80.1) 312 (81.9)

Education, n (%) <.0001
High school/college 343 (70.1) 135 (35.2)
Graduates 146 (29.9) 249 (64.8)

Employment status, n (%) .039
Employed 349 (71.4) 297 (77.5)
Unemployed 140 (26.6) 86 (22.5)

Marital status, n (%) <.0001
Married 275 (56.1) 272 (71)
Unmarried/divorced 215 (43.9) 111 (29)

Alcohol intake, n (%) .458
Yes 228 (84.8) 234 (87)
No 41 (15.2) 35 (13)

Physical activity, n (%) .008
Active 109 (40.8) 80 (29.8)
Inactive 158 (59.2) 188 (70.2)

Body mass index, n (%) .645
Normal weight 301 (61.4) 230 (59.9)
Overweight/obese 189 (38.6) 154 (40.1)

Central obesity, n (%) .961
Normal 409 (83.5) 321 (83.6)
Obese 81 (16.5) 63 (16.4)

Joint disease, n (%) .257
Yes 22 (8.4) 15 (5.8)
No 241 (91.6) 243 (94.2)

Diabetes, n (%) .409
Yes 13 (4.9) 9 (3.5)
No 250 (95.1) 249 (96.5)

Asthma, n (%) .263
Yes 29 (11) 21 (8.1)
No 234 (89) 237 (91.9)

Cardiovascular disease, n (%) .083
Yes 9 (1.8) 2 (0.5)
No 481 (98.2) 382 (99.5)

33]. A review suggested an increased risk for respira-
tory illness-related absences from school in children
with asthma who were exposed to multiple household
smokers.

Similar to the present study’s findings, previous
research showed that female sex, black race, an
annual family income <$50,000, physical inactiv-
ity, and obesity were individually associated with
increased risk of asthma development, especially in
US children, adolescents, and adults [34]. One possi-
ble reason for this finding may be the failure to reach
the recommended level of 15 or more minutes of mod-
erate activity five or more days per week, as per the
Centers for Disease Control [34]. However, our edu-
cational finding was somewhat contradictory to an

earlier US study, which showed that higher academic
degrees had been achieved by individuals with asthma
than those without asthma [35].

Alcohol contains histamines and sulfites, which
are known to exacerbate asthma symptoms in cer-
tain people [36]. It’s crucial to keep in mind that
not everyone who consumes alcohol experiences the
development or exacerbation of their asthma [37].
According to a previous study, consuming wine is
related to a lower risk of developing asthma, which
suggests that it may even help prevent asthma [38].
The finding of this study that there was no association
between alcohol consumption and the risk of devel-
oping asthma could be explained by potential residual
confounding, such as socioeconomic or lifestyle fac-
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Fig. 2. Prevalence of asthma.

tors. Therefore, this finding from the present study
can raise doubt on the idea that drinking alcohol
increases asthma risk.

Although the relationship between diabetes and
asthma in adults has not been thoroughly investigated,
one study found that type 1 diabetes was associated
with a significantly higher incidence of asthma in
patients aged < 8 years than in the general popula-
tion [39]. That study provided a possible explanation
for the association between diabetes and asthma onset
at the pathophysiological level. Another study found
that asthma onset was higher among adults with either
type 1 or 2 diabetes than those without diabetes [40].
This risk of asthma onset in those with type 2 dia-
betes might be due to obesity, insulin resistance, or
metabolic syndrome [41, 42]. Some studies found
that arthritis was associated with a higher risk of
asthma [43].

It’s interesting to note that a recent study [44]
contradicts the current study’s finding that adult
smokers who are single or divorced are much more
likely to develop asthma. Asthma sufferers were
shown to have higher rates of alcohol usage as
they aged, according to another conclusion from the
prior study [45]. The results of this investigation
contradict this finding. Geographical variation and

Fig. 3. Associations of demographic, behavioral, and clinical risk
factors with the risk of asthma among adults who smoked. A dark
dot circle represents odds ratios, and bars show a 95% confidence
interval.

Fig. 4. Prevalence of asthma among adults who smoked according
to grew up living with A) a father or mother who smoked; B) a
workplace who smoked. A dark dot circle represents prevalence,
and bars show a 95% confidence interval.

various populations may be a factor in this finding’s
explanation.

The primary strength of this study was the larger
sample size, with more than 80% power, which
showed a statistically significant relationship. How-
ever, this study also had some limitations. The
first limitation was self-reported questionnaires. The
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Fig. 5. Associations of demographic, behavioral, and clinical risk
factors with the risk of asthma among adults who smoked accord-
ing to grew up living with A) a father or mother who smoked;
B) other people who smoked in the workplace. A dark dot circle
represents odds ratios, and bars show a 95% confidence interval.

Fig. 6. The mean age of asthma onset among adults who smoked
according to grew up living with A) a father or mother who smoked;
B) other people who smoked in the workplace. The multiple linear
regression model is adjusted for age, sex, race, educational level,
employment status, marital status, alcohol intake status, physical
activity status, obesity status, central obesity status, joint disease,
diabetes, and cardiovascular diseases. Empty bars represent unad-
justed estimates of the mean age of asthma onset; light gray bars
show adjusted estimates of the mean age of asthma onset.

Fig. 7. Kepler-Meire curve for age began to smoke regularly and
probability of asthma onset among groups.

results may have been biased by self-reported asthma,
leading to recall bias and misclassification. Second,
the cross-sectional design of this study somewhat
limited the associations between sociodemographic,
behavioral, and clinical factors with asthma risk in
adult smokers [46]. Third, the history of the smok-
ing measure was valid to use with parents, others in
the house, and colleagues at the workplace. Fourth,
the method used for participants’ smoking status cat-
egorization could be misleading, as it neglects any
effect of the degree of smoke exposure in ex-smokers
and current smokers. Finally, data on the quantity of
smoking, medication for asthma, type and quantity of
alcohol intake, severity, and family history of asthma
were not available, which would have been useful in
our study.

While asthma is not yet curable, symptoms can typ-
ically be improved by identifying triggers. Adjustable
triggers, such as cigarette smoking and exposure to
parental smoking, are significant for asthma pre-
vention [47, 48]. Additionally, the effectiveness of
medications may be reduced by cigarette smoking or
passive smoking [49]. Therefore, the harmful effects
of passive smoking show the need for maintain-
ing a smoke-free environment [50]. Comprehensive
national anti-smoking policies are needed to achieve
this favored environment; laws that limit smok-
ing decrease the number of people hospitalized for
asthma [51]. In addition, a prior study showed that
a long-term, multi-component program for work-
place health promotion could alter smoking behavior,
attitudes about smoking, and preparedness to stop
smoking [52].

Our findings could help provide patient education,
one of the four essential components of asthma man-
agement, including monitoring symptoms and lung
function, controlling triggering factors and comorbid



1122 K.S. Alwadeai / Parental, workplace smoking, and asthma risk

conditions, and providing pharmacologic therapy
[53]. Since asthma severity varies among people
depending on socioeconomic, behavioral, and clin-
ical characteristics, patient education and physical
exercise are essential for decreasing asthma exac-
erbations and improving the control [54, 55]. Thus,
expert panel reports three and Global Initiative for
Asthma has described a stepwise treatment approach
and strategy to prevent future risks of asthma onset
[56]. Since most workplaces have anti-smoking regu-
lations, they might be applicable to the likelihood that
secondhand smoke exposure occurs within prohibited
smoking areas. However, despite the implementation
of the smoking prohibition policy at work, evidence
from a recent evaluation suggests that a number of
employees are still suffering from the effects of sec-
ondhand smoke [57]. This shows that there is still
a knowledge, attitude, and practice gap among non-
smokers when it comes to enhancing the smoke-free
workplace policy.

5. Conclusions

Being female, black, having a school/college edu-
cation, unmarried or divorced, employed, having no
alcohol intake, physically inactive, obese, having dia-
betes, and having a joint disease was associated with
asthma risk among adults who smoked. Moreover,
smoking adults who grew up living with smokers,
especially a father or mother, were at increased risk
of asthma compared to workplace smoking. These
results suggest that parental smoking history is one
of several critical modifiable triggers for populations
at risk for asthma. However, more empirical evidence
is needed to use familial smoking history as a tool for
the early diagnosis and management of asthma. Fur-
ther evidence is also required to determine whether
the use of parental smoking history for identifying
patients at high risk for asthma will lead to an over-
all reduction in the rates of asthma-related morbidity
and mortality.
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