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Background: The sustained high prevalence of smoking in China has contributed substantially to the
burden of chronic diseases, including respiratory diseases. This study compared the prevalence of smoking
and respiratory diseases in Chinese adults between two time periods spanning over 25 years.

Methods: Cross-sectional surveys were performed in four Chinese cities of Chongqing, Lanzhou, Wuhan,
and Guangzhou in 1993-1996 (Period 1) and in 2017-2018 (Period 2). Participants completed questionnaires
asking smoking status, the presence of asthma and chronic bronchitis, education attainment and household
characteristics. Logistic regression models were used to estimate the odds ratios of disease prevalence with
regard to active smoking status for men and passive smoking status for women.

Results: Prevalence of asthma, prevalence of chronic bronchitis, and smoking rate, all decreased from
Period 1 to Period 2. We observed strong evidence that active smoking increased prevalence for both asthma
and chronic bronchitis in men during Period 1, with spatial heterogeneity and modifying effect by college-
level education. Home exposure to passive smoking was associated with increased odds of having chronic
bronchitis among female participants in Chongqing during Period 2, although the association was not
statistically significant.

Conclusions: The prevalence for asthma and chronic bronchitis were lower in 2017-2018 compared
to 25 years ago in the same four Chinese cities. Decreased smoking rate may have contribution to the
improvement of these respiratory diseases. Male smokers, especially those without college-level education,

showed higher prevalence of chronic bronchitis compared to nonsmokers during Period 1.
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Introduction

Epidemiological studies have shown that both active
smoking and passive smoking exposure (also referred to as
environmental tobacco smoke) can be related to the onset
and development of respiratory diseases and symptoms
(1-5), with some evidence indicating that the association
between cigarette smoking and asthma may be biologically
plausible (5,6). For example, cigarette smoking can pose
a greater threat to asthmatic smokers than nonsmokers
through accelerating decline in lung function, elevating
induced sputum neutrophil counts, and impairing the
effects of corticosteroids (5,7). Passive smoking exposure is
also adversely related to a variety of respiratory outcomes,
including the frequent respiratory symptoms, lower
respiratory infections, and lung cancer (8,9), especially
among susceptible populations such as women (1) and
children (10).

Tobacco smoking exposure can also interact with
other risk factors, such as individuals’ demographic and
socioeconomic characteristics, as well as other types
of environmental exposure (e.g., household biomass
combustion, ambient air pollution), in affecting respiratory
health (1,11-15). For example, studies examining the
link between smoking exposure and adults’ respiratory
symptoms found that the effect estimates varied between
males and females (1,11). A China-based study reported
additive effects of passive smoking and coal heating on
respiratory symptoms (15). A large-scale study in India
found that smoking and use of unclear cooking fuels were
associated with increased odds of asthma and chronic
bronchitis among adults (14).

There are consistent evidence regarding substantial
public health burden attributable to smoking in China
(16,17). Despite the implementation of smoking policy, the
prevalence of smoking in China has remained high in the
past decades (18-20). According to a national survey in 1996,
about 63% of men were current smokers (19). The recent
China Pulmonary Health study also reported a fairly high
prevalence—51.2% (10,978/21,446) of male participants
aged 20 years or older in 2015 were current smokers (20).
Although the prevalence of asthma in China is generally
lower than those in developed countries (21,22), the large
population of China results in a great number of patients
suffering this illness, placing a considerable burden on
families and the entire society. Furthermore, the prevalence
of diagnosed asthma appears to be on rise in Chinese cities
in recent years (23,24). Taken together, the sustained high
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prevalence of smoking and the high frequency of respiratory
disease make it important to examine the health effect of
Chinese adults from exposure to smoking.

In the period of 1993-1996, an epidemiologic study
was conducted to investigate the effects of outdoor air
pollution and residential characteristics on respiratory
health conditions among elementary school children
(aged between 6 to 13) (25,26). The study also collected
information from parents of those children, including the
information on their respiratory disease, smoking status,
and education attainment. Because the study focused
on children’s respiratory health, no reports on adults’
respiratory health outcomes have been published. Over
the past two decades, most Chinese cities have experienced
rapid urbanization and industrialization. The growth has
been inevitably accompanied by the expansion of urban
population, as well as substantial changes in people’s living
environment and lifestyle. To evaluate potential changes in
respiratory disease prevalence, which may be associated with
these rapid environmental and socioeconomical changes, we
conducted another cross-sectional study in the same four
cities from 2017 to 2018, collecting similar information on
school children and parents using similar survey instrument.
We term the 1993-1996 study as Period 1 study and the
more recent study as Period 2 study. In this paper, we
analyzed the data from both periods to examine associations
of adults’ respiratory diseases with active smoking, passive
smoking, socioeconomic characteristics, and household
characteristics.

Methods
Questionnaire survey and participants

The studies in both periods were conducted in four
cities located in different regions of China, including
Chongqing, Wuhan, Lanzhou, and Guangzhou.
Chongging, one of the major metropolitan cities in China,
is located in the southwest region and has subtropical
humid monsoon climate. It had a resident population
of more than 31 million across the whole Chongqing
municipality, among which about 64% were living in
urban areas in 2017 (27). Wuhan, a major city in Central
China, has subtropical monsoon climate, with annual
average temperature of 17.3 °C in 2017 (28). There were
about 11 million residents living on the 8,569.15 km’ land
area in 2017 in Wuhan (28). Lanzhou is located in the
northwest region of China and has temperate continental
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climate. The population of Lanzhou was over 3 million
in 2017, with approximately 70% urban residents (29).
Guangzhou, located in the southern coastline of China,
has subtropical monsoon climate and an annual average
temperature of 22 °C. Guangzhou is also one of the most
densely-populated cities in China. It had a total area of
7,434.4 km’ and about 14 million residents in 2017 (30).
In Period 1, one elementary school in an urban area and
one school in a suburb were selected within each city. In
Period 2, attempts were made to select the same schools or
schools as close to the original schools as feasible. Because
the school originally selected in the suburb of Guangzhou
was closed, we selected a different school in a suburb of
Shenzhen city, located about 140 km from Guangzhou.
One school was selected from the urban area of each city
in Period 2 except Wuhan where five schools in the urban
area were included. The cross-sectional study in Period 2
was approved by the Institutional Review Board of Duke
Kunshan University.

In both periods, the questionnaires were administered,
face-to-face, by trained investigators. Within each
household, one adult (father or mother) filled out a
questionnaire, with help from investigators when necessary.
Questionnaires were generally the same between the
two periods, with modifications made to reflect certain
conditions in Period 1 that were no long existent in
Period 2. In Period 2, we asked general questions for each
household characteristics about home heating, cooking with
coal as the fuel and ventilation when cooking. In contrast,
in Period 1, we asked these questions corresponding to
three age ranges of children. To make the results from two
surveys comparable, for each household in Period 1, we
only considered the answer for a certain age range which
contains the current age of child in that household. We
approached in the same way for questions about cooking
fuel and ventilation condition. Socioeconomic status was
represented by education attainment. Multiple choice
questions concerning education attainment were asked with
different options in the two periods. To obtain consistent
answers, we generated a dichotomized variable for
education—whether college-level degree was achieved—by
aggregating the multiple options. Data were not available
for the exact age of participants, however, we assumed the
two populations from both periods were comparable in
terms of age distribution, because participants from Period
1 and 2 were both parents of children aged 6-13 and the
age distributions among children from two periods were
generally comparable (Figure ST).
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We asked questions about smoking status and physician-
diagnosed asthma and chronic bronchitis for both male and
female participants, separately. They were all “Yes” or “No”
questions. We classified male participants (i.e., fathers of
study children) as exposed to active smoking if answering
“Yes” to the smoking-related questions. Since smoking
among female participants (i.e., mothers of study children)
were rare with an average prevalence of 1.2% across eight
study districts (1azble S1), we instead analyzed the effects
of passive smoking at home on women’s respiratory health
to avoid potential model convergence problems. Female
participants were defined as exposed to passive smoking at
home if their husbands were classified as current smokers.
Since we did not have detailed information of active
smoking of husbands, we could not determine the exposure
time or the frequency of passive smoke exposure for females
in the study.

Statistical analysis

We primarily examined the overall associations between
smoking exposure and respiratory diseases prevalence across
the four Chinese cities during Periods 1 and 2, respectively.
Univariate and multivariable logistic regression models
were used; in the latter a set of models were fitted to
examine potential confounding effects from both ambient
environment and household characteristics. An indicator
variable for city was included in the model. Within each
city, we conducted surveys at schools in both urban and
suburban districts, so an indicator variable denoting
urban/suburban was included as well. Interaction terms
were selected when they were statistically significant at
a =0.15. Based on that, the modifying effect of college-
level education on the associations between smoking and
respiratory diseases was examined. Odds ratios (ORs) for
asthma and bronchitis associated with active smoking
for males and passive smoking for females and the
corresponding confidence intervals (Cls) were calculated
based on the estimated coefficients from the regression
models.

To investigate the city-specific variations in respiratory
effects of smoking, we estimated the crude ORs and the
adjusted ORs for each city, based on the fitted logistic
regression models. Adjusted ORs were calculated from
multivariable regression models with indicator variables for
residential location (i.e., urban/suburban), home heating,
cooking with coal, ventilation when cooking, and college-
level attainment. In addition, home heating was not
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Table 1 Household and individual characteristics of study population in Period 1 (1993-1996) and Period 2 (2017-2018)

Characteristics Period 1 Period 2

Chongging, n (%)

N 1,452 2,126
Urban 1,011 (69.6) 1,599 (75.2)
Heating 441 (30.4) 619 (29.1)
Cooking with coal 53 (3.7) 20(0.9)
Ventilation 963 (66.3) 2,111 (99.3)
College (males) 309 (21.3) 496 (23.3)
College (females) 171 (11.8) 484 (22.8)

Wuhan, n (%)

N 2,517 3,152
Urban 1,924 (76.4) 1,985 (63.0)
Heating 842 (33.5) 861 (27.3)
Cooking with coal 890 (35.4) 142 (4.5)
Ventilation 1,033 (41.0) 2,733 (86.7)
College (males) 368 (14.6) 718 (22.8)
College (females) 156 (6.2) 628 (19.9)

Lanzhou, n (%)

N 1,483 2,066
Urban 716 (48.3) 848 (41.0)
Heating 1,483 (100.0) 1,966 (95.2)
Cooking with coal 809 (54.6) 39 (1.9)
Ventilation 1,246 (84) 1,858 (89.9)
College (males) 99 (6.7) 744 (36.0)
College (females) 42 (2.8) 687(33.3)

Guangzhou, n (%)

N 2,302 2,306

Urban 920 (40.0) 1,311 (56.9)

Cooking with coal 157 (6.8) 28 (1.2)

Ventilation 2,250 (97.7) 2,266 (98.3)

College (males) 921 (40.0) 1,118 (48.5)

College (females) 603 (26.2) 1,097 (47.6)
adjusted for Guangzhou and Lanzhou since home heating Finally, we conducted a sensitivity analysis to examine the
was generally not necessary in Guangzhou due to its warm associations between household passive smoking exposure
climate. In contrast, over 95% of the study households and female respiratory diseases excluding women who
in Lanzhou used home heating in both periods (7able I). were also active smokers. All analyses were conducted in R
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Table 2 Prevalence of asthma and chronic bronchitis among males and females in Period 1 (1993-1996) and Period 2 (2017-2018)
Chongging Wuhan Lanzhou Guangzhou
Diseases Period 1 Period 2 Period 1 Period 2 Period 1 Period 2 Period 1 Period 2
(N=1,452) (N=2,126) (N=2,517) (N=3,152) (N=1,483) (N=2,066) (N=2,302) (N=2,306)

Asthma, n (%)

Males 38 (2.6) 22 (1.0) 38 (1.5) 23(0.7) 34 (2.3) 21(1.0) 37 (1.6) 20 (0.9)

Females 36 (2.5) 25 (1.2) 34 (1.4) 15 (0.5) 20 (1.3) 17 (0.8) 32 (1.4) 15(0.7)
Chronic bronchitis, n (%)

Males 139 (9.6) 95 (4.5) 373 (14.8) 179 (5.7) 402 (27.1) 68 (3.9) 302 (13.1) 141 (6.1)

Females 103 (7.1) 80 (3.8) 220 (8.7) 137 (4.3) 140 (9.4) 62 (3.0) 221 (9.6) 87 (3.9)

(version 3.4.2) (R Core Team 2017).

Results
Study participants

In Period 1, a total of 7,621 questionnaires were distributed
among the selected schools in four cities; and 7,557 subjects
returned the questionnaires, achieving an overall response
rate of 99.2%. During Period 2, we distributed a total of
11,449 questionnaires; and lost 9,974 non-respondents
(87.1% overall response rate).

Household and individual characteristics for all the
participants in the four cities are shown in Table 1. An
average of over 2,000 participants were included for a single
study period of a given city. The proportions of participants
from urban areas were fairly consistent between the two
periods in the four cities. Ventilation during cooking had
been generally improved from Period 1 to Period 2, for
example, 41.0% households had cooking ventilation in
Wauhan in Period 1 versus 86.7% in Period 2. In Lanzhou
and Wuhan, more families used coal as cooking fuel in
Period 1 than in Period 2 (e.g., 54.6% versus 1.9% in
Lanzhou). The proportion of college-level education
among participants generally increased from Period 1 to
Period 2 in all the four cities. We observed little change in
the prevalence of winter heating in the study households.

Smoking exposure and respiratory disease prevalence

Across the four study cities, the prevalence of asthma
and chronic bronchitis in both males and females have
generally halved from Period 1 to Period 2, with the largest
change observed for male chronic bronchitis prevalence in
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Lanzhou—27.1% versus 3.3% (1able 2). The prevalence
of asthma for males and females were very close by city
and study period. In contrast, chronic bronchitis was more
common in male participants than those in females. For
example, in Period 1, the prevalence were 14.8% and 8.7%
for males and females in Wuhan, respectively.

Table 3 demonstrated the prevalence of respiratory
diseases associated with active smoking in males and
passive smoking in females. Across the four cities, the
smoking rates had decreased from Period 1 to Period 2.
In Chongqing, while 76.7% (1,113 out of 1,452) of the
households reported smoking exposure at home in Period
1, 44.0% (936 out of 2,126) reported smoking in Period 2.
This decline was accompanied by a substantial reduction in
the crude prevalence of both asthma and chronic bronchitis
among male participants (Table 3), especially in Lanzhou
(bronchitis prevalence in males: 32.0% in Period 1 versus
3.0% in Period 2). Furthermore, chronic bronchitis showed
a higher prevalence than asthma among the study subjects.
For example, in Guangzhou during Period 1, 13.5% male
smokers reported having chronic bronchitis and 1.5% had
asthma (7able 3).

Effects of smoking on respiratory disease prevalence across
four cities

Across the four cities, active smoking was negatively
associated with asthma among male participants in Period
1, though the association was not statistically significant
(Table 4, M1-M4). Active smoking was associated with the
prevalence of bronchitis in both periods, with the effect
size attenuated in Period 2: crude OR of 1.79 (95% ClI,
1.52-2.10) in Period 1 versus 1.17 (95% CI, 0.97-1.41) in
Period 2. Further, we observed an appreciable modifying
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131 (9.1) 90 (10.7) 33 (3.6) 48 (4.4)

108 (9.2) 29 (9.9) 28 (3.0) 34 (3.0)

81 (4.6)

56 (4.1)

25(7.6) 43 (4.6) 29(3.0) 184 (8.8) 34 (8.2)

77 (6.9)

Bronchitis
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effect of educational level on active smoking-respiratory
disease associations, especially for chronic bronchitis
(Table 4, M5, M6). The male participants with lower-than-
college education showed much greater ORs of active
smoking for chronic bronchitis compared with those with a
college degree or above in Period 1, however, the difference
was no longer clear in Period 2. In females, in contrast,
associations between household passive smoking and the
prevalence of asthma were only observed among those
without college-level degree in both periods (Table 4).

Effects of smoking on respiratory disease prevalence for
each city

Significant effects of active smoking on the prevalence
of asthma and chronic bronchitis were observed among
male participants in Chongqing, Wuhan, and Lanzhou in
Period 1 but not in Period 2 (Figure I). The largest ORs
in the males during Period 1 were observed in Lanzhou:
crude ORs of 2.64 (95% CI, 0.80-8.68) and 4.46 (95% CI,
2.96-6.71) for asthma and chronic bronchitis, respectively.
Adjustment of potential covariates considered had little
influence on the effect estimates. For example, the
multivariable logistic regression analysis confirmed an OR
of 1.67 (95% CI, 1.04-2.67) for males’ chronic bronchitis
in Chongging in Period 1, which was fairly consistent with
the crude OR of 1.45 (95% ClI, 0.92-2.29). In Guangzhou,
the odds of having asthma or chronic bronchitis in male
smokers were more evident in Period 2 than in Period 1.
After adjusting for the potential confounding variables, we
estimated the active smoking associated ORs of 1.68 (95%
CI, 0.64-4.40) for asthma and 1.72 (95% CI, 1.18-2.50) for
chronic bronchitis among male respondents in Guangzhou
during Period 2 (Figure I).

The odds of having asthma in females exposed to passive
smoking at home decreased from Period 1 to Period 2
in Chongqing, Wuhan, and Lanzhou, while increased in
Guangzhou. We estimated the adjusted ORs to be 0.60 (95%
CI: 0.30-1.21) in Period 1 and 1.50 (95% CI: 0.50-4.60)
in Period 2 in Guangzhou. Negative associations between
passive smoking and chronic bronchitis were most apparent
in females of Chongqing during Period 2 (adjusted OR
=1.55, 95% CI: 0.96-2.50). Again, no significant impact of
covariates on the effect estimates was observed in females.
Although the statistical significance was not met in the
estimates for females, the noticeable magnitude of the
ORs in some estimates could suggest adverse effects of the
passive smoking on females’ respiratory disease prevalence.
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Table 4 Odds ratios (95% confidence intervals) for asthma and bronchitis associated with active smoking for males and passive smoking for

females across four cities in Period 1 and Period 2

Period 1 Period 2

Variables included in models

Males

Females

Males

Females

Asthma
M1: smoke
M2: smoke + city
M3: smoke + city + urban

M4: smoke + city + urban + cooking with coal +
ventilation

M5: smoke*college + city + urban

M6: smoke*college + city + urban + cooking with
coal + ventilation
Chronic bronchitis
M1: smoke
M2: smoke + city
M3: smoke + city + urban

M4: smoke + city + urban + cooking with coal +

1.44 (0.95, 2.20)
1.43 (0.93, 2.19)
1.42 (0.93, 2.18)
1.44 (0.95, 2.20)

1.42 (0.83, 2.43)*
1.70 (0.84, 3.45)°
1.38 (0.94, 3.57)°
1.64 (0.81, 3.36)"

1.79 (1.52, 2.10)
1.73 (1.47, 2.04)
1.73 (1.46, 2.04)
1.77 (1.49, 2.09)

0.97 (0.64, 1.47)
0.96 (0.63, 1.47)
0.96 (0.63, 1.46)
0.93 (0.61, 1.42)

1.14 (0.69, 1.87)°
0.55 (0.21, 1.41)°
1.11 (0.68, 1.84)°
0.49 (0.18, 1.29)°

0.90 (0.75, 1.08)
0.92 (0.76, 1.10)
0.91(0.76, 1.09)
0.95 (0.79, 1.14)

0.96 (0.62, 1.48)
0.95 (0.61, 1.46)
0.95 (0.61, 1.46)
0.94 (0.61, 1.46)

0.97 (0.57, 1.66)°
0.93 (0.44, 1.98)°
0.97 (0.57, 1.66)°
0.92 (0.43, 1.97)°

1.17 (0.97, 1.41)
1.18 (0.98, 1.42)
1.18 (0.98, 1.43)
1.19(0.98, 1.43)

0.97 (0.61, 1.57)
0.95 (0.59, 1.52)
0.95 (0.59, 1.52)
0.95 (0.59, 1.52)

1.32 (0.73, 2.40)°
0.51 (0.21, 1.23)°
1.32 (0.73, 2.40)°
0.51 (0.21, 1.22)°

0.99 (0.80, 1.23)
1.00 (0.81, 1.24)
1.00 (0.81, 1.24)
1.01(0.81, 1.25)

ventilation

M5: smoke*college + city + urban

1.46 (1.12, 1.89)°°

M®6: smoke*college + city + urban + cooking with
coal + ventilation

2.30 (1.83, 2.88)*°

2.35 (1.87, 2.95)*°
1.45 (1.12, 1.89)>°

0.97 (0.78, 1.21)*  1.15(0.91, 146  1.03 (0.79, 1.35)°

0.99 (0.69, 1.42)° 1.33(0.97, 1.82)°  0.99 (0.68, 1.43)°

1.01(0.81,1.25°  1.15(0.91,1.45°  1.04 (0.80, 1.36)°

1.02(0.71,1.46°  1.34(0.97,1.83°  0.99 (0.69, 1.43)°

2 odds ratio for males/females with no college-level education; °, odds ratio for males/females with college-level education or above; °,

interaction terms in these models are statistically significant (P<0.01).

Sensitivity analysis for the female non-smokers indicated the
robustness of our primary results for Chongqing, Wuhan,
and Lanzhou (Figures 2,52). However, after excluding
female smokers in Guangzhou, ORs for the passive smoking
and respiratory diseases in Period 2 were greater than those
in the primary analysis, though the ORs in Period 1 were
consistent with our primary results (Figure S3).

Discussion

In the current analysis, we examined the effects of tobacco
smoking on the respiratory diseases among adults in
four Chinese cities during two cross-sectional surveys
(1993-1996 versus 2017-2018). Household and individual
characteristics were changed across the two study periods,

© Journal of Thoracic Disease. All rights reserved.

as evidenced by appreciable changes in the proportions
of using coal as the cooking fuel, cooking ventilation
condition, and the college-degree attainment. Smoking
rate and prevalence of asthma and chronic bronchitis all
decreased from the 1993-1996 period (Period 1) to the
2017-1018 period (Period 2). We observed strong evidence
of adverse effects of active smoking on the prevalence of
males’ asthma and chronic bronchitis during Period 1, with
spatial heterogeneity and modifying effect of college-level
education. Passive smoking at home was associated with the
increased odds of having chronic bronchitis among females
in Chongging during Period 2, though the association was
not statistically significant.

Our finding of adverse effects of active smoking on
the respiratory diseases among males in four Chinese
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Figure 1 Crude and adjusted odds ratio (OR) and 95% confidence intervals for asthma and bronchitis among males associated with self-
reported active smoking in Period 1 and Period 2. Adjusted ORs were estimated from regression models controlling location, college-level

education, home heating (only adjusted for Chongqing and Wuhan), cooking with coal as fuel, and cooking ventilation.
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Figure 2 Crude and adjusted odds ratio and 95% confidence intervals for asthma and bronchitis among females associated with passive
smoking exposure at home in Period 1 and Period 2. Adjusted ORs were estimated from regression models controlling location, college-

level education, home heating (only adjusted for Chongqing and Wuhan), cooking with coal as fuel, and cooking ventilation.

cities was in line with those from earlier studies (3,8,31),
including some conducted among Chinese populations
(32,33). A meta-analysis study reported a risk ratio of 1.61
(95% CI, 1.07-2.42) for asthma for smokers than for never
smokers (8). Another worldwide meta-analysis estimated

a relative risk of 3.41 (95% CI, 3.13-3.72) for chronic

© Journal of Thoracic Disease. All rights reserved.

bronchitis for current smokers of any tobacco products
in reference to non-smokers (31). Furthermore, while
we estimated heightened effects of active smoking on
respiratory diseases of males in Period 1, those associations
were no longer clear during Period 2 in the same study

areas. Several factors might help to explain the difference in
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the estimated effects from two periods. First, the prevalence
of both smoking exposure and diseases were higher in
Period 1 than Period 2. Second, unmeasured confounding
factors might be possible in our analysis, especially for
Period 1 when pronounced effects were observed. For
example, ambient air pollution levels were significantly
associated with several respiratory health outcomes (e.g.,
asthma and bronchitis) in Chinese cities (34). Ambient
pollution could have been an important confounder. Given
that the ambient air pollution has been improved over the
past decade, our estimates for Period 1 may be more likely
to be confounded by the ambient air pollution than those
for Period 2. Finally, in Period 2, more participants have
used more clean fuel and improved ventilation for cooking.
The association between smoking and the prevalence of
respiratory diseases may still be somewhat confounded by
the greatly improved indoor air pollution from cooking,
despite that adjusting these variables in the analysis resulted
in little difference of smoking effects observed in the crude
model.

When analyzing the interaction of smoking status
and education level, we observed substantially increased
effects in the prevalence of bronchitis among males who
did not obtain the college-level education in the Period
1. Participants without a college-level education appeared
more likely to be blue-collar workers, thus they were
possibly exposed to allergen of respiratory disease from their
occupational environment. For example, a cross-sectional
survey conducted in rural Beijing, China, provided evidence
that occupational exposure to insecticides and fertilizers
was significantly associated with increased reporting of
respiratory symptoms (32).

We did not observe significant associations between
increased prevalence of asthma and chronic bronchitis
and passive smoking at home in female participants. Some
previous studies reported increased risk of asthma among
passive smokers (1,35). For example, a meta-analysis of
longitudinal studies reported passive smoking exposure was
associated with the increased risk of lung cancer in adult
nonsmokers (8). In this study, with a categorical exposure
variable, it might be difficult to capture the overall health
effect of the passive smoking exposure. One prospective
study measured the passive smoking exposure in previous
week using personal nicotine badge, and found that the
intensity of exposure was associated with the exacerbated
consequences of asthma (36). Also, some studies found
that the passive smoking at workplace could be more
strongly associated with respiratory symptoms than at home

© Journal of Thoracic Disease. All rights reserved.
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(1,35,37,38). However, we could not assess subjects’ passive
smoking exposure outside homes due to the lack of data.

We found inconsistency in the estimated associations
between passive smoking and the respiratory diseases of
females in Guangzhou during the Period 2, regardless
including the data of female smokers or not (Figure S3).
This might be caused by the inclusion of a substitutional
school from Shenzhen. Among the participants of the
study, the smoking rate in females were much lower in
Guangzhou [0.7% (10/1,382) in suburban area in Period 1]
than that in Shenzhen [7% (70/995)] (Table ST). There were
70 female smokers in Shenzhen (7able S1, the right bottom
cell), among which 20 were classified as unexposed to
passive smoking at home because their husbands were non-
smokers (data not shown). However, those 20 females were
essentially exposed to smoke because they themselves were
smokers. Thus, the misclassification of the passive smoking
exposure could potentially bias our primary results toward
the null (Figure S3).

In most cases, the adjusted ORs were similar to the
crude ORs, indicating little confounding effect from the
covariates considered in this study. Current findings of the
interplay between smoking and some potential confounders
(e.g., demographical and socioeconomic factors) in affecting
adults’ respiratory health is still conflicting. The Swiss
Study on Air Pollution and Lung Diseases in Adults found
that the effect of passive smoking exposure on asthma
was not influenced by gender, education, and passive
smoking exposure history in childhood (35). Another study
conducted in Finland, Estonia, and Sweden reported that
the odds of chronic bronchitis associated with exposure
to the passive smoking in females were more pronounced
than those in males (1). Although the inconsistency might
stem from the different methods of addressing confounding
effects, further studies are needed to explore how potential
confounders may affect the associations between the
smoking exposure and respiratory health outcomes.

In examining the respiratory effects of passive smoking at
home, females were deemed to be exposed if their husbands
reported as current smokers. This definition of the passive
smoking exposure, which has also been used in earlier
studies (39), could reduce the likelihood of information
bias. With self-reporting passive smoking status, subjects
with respiratory diseases tended to attribute their disease
to smoking and reported more exposure than they actually
received, as compared with non-diseased subjects.

Our study has several limitations. Because the primary
goal of the studies in both periods was to assess potential
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risk factors of respiratory diseases for children rather than
for adults, the data collected on adults were rather limited,
including information on other potential confounding
variables (e.g., age, childhood smoking exposure, non-
household passive smoking exposure, and whether subject
was a former smoker or not) as suggested by previous
studies (4,35,40). With an assumption that the age
distribution among adults in Period 1 and 2 could be very
similar to each other, as both were parents of children aged
6 to 13, we could compare the disease prevalence across two
study periods. However, without exact age of study subjects,
it will be hard to compare the disease prevalence presented
in this study to others. In addition, we could assess
neither the amount nor the duration of smoking exposure
due to questionnaire limitations on smoking exposure
assessment, though previous studies have showed dose-
response associations using quantitative smoking exposure
measurements (1,36). Thus, cautions should be taken when
comparing our results with those estimated for another
population whose smoking amount or duration is different
from our study population. Given the above limitations,
the residual confounding effect may occur in our results
due to either inadequate adjustments of confounders or
measurement errors.

In conclusion, the prevalence for two major respiratory
diseases (asthma and chronic bronchitis) was reduced in
parents of elementary students in four Chinese cities from
the period of 1993-1996 to the period of 2017-2018. Male
smokers, especially those without a college-level education,
reported much higher chronic bronchitis prevalence
compared with male non-smokers during the Period 1. The
smoking rate was low in female participants whose passive
smoking exposure in homes was associated with increased
prevalence of chronic bronchitis in Chongqing during
Period 2 but not across the four cities.
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Figure S1 Age distributions for surveyed children across the four cities in Period 1 and Period 2. Surveyed children’s father and mother are
the participants in this study.

Table S1 Smoking prevalence in females in Period 1 (1993-1996) and Period 2 (2017-2018)

Chongging Wuhan Lanzhou Guangzhou
Period
N Smoking N Smoking N Smoking N Smoking
Period 1
Urban 1,011 24 (2.4) 593 8(1.9) 716 6 (0.8) 920 13 (1.4)
Suburban 441 5(1.1) 1,924 30 (1.6) 767 3(0.4) 1,382 10(0.7)
Period 2
Urban 1,599 16 (1.0 1,985 15(0.9) 848 2(0.2 1,311 1(0.1)

Suburban 527 6(1.1) 1,167 8(0.7) 1,218 5(0.4) 995 70 (7.0)
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Figure S2 Crude and adjusted odds ratio and 95% confidence intervals for asthma and bronchitis among females in Chongqing, Wuhan,

and Lanzhou associated with household passive smoking in Period 1 and Period 2. Results were estimated based on models fit using data

omitting female smokers.
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Figure S3 Crude and adjusted odds ratio and 95% confidence intervals for physician-diagnosed asthma and bronchitis among females in
Guangzhou associated with household passive smoking in Period 1 and Period 2. Results for “Primary analysis” were the same as shown in

Figure 2. Results for “Sensitivity analysis” were estimated based on models fit using data omitting female smokers.



