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Abstract

Objective

The study aims to explore the patterns and changes of active and passive smoking in the

elderly population.

Methods

Two cross-sectional surveys with representative samples of urban populations, aged be-

tween 60 and 95 years old, were conducted in 2001 and 2010 in Beijing. A current smoker

was defined as a person who smoked a tobacco product at the time of the survey, and a

passive smoker was defined as a person who had been exposed to smoke exhaled by a

smoker for more than 15 minutes per day more than once per week.

Results

A total of 2,277 participants in 2001 and 2,102 participants in 2010 completed the survey.

The current smoking prevalence changed slightly in males (24.7 vs. 21.2%, P = 0.081),

while the prevalence in females decreased significantly from 8.8% (95% CI: 7.3–10.3%) in

2001 to 4.1% (95% CI: 3.0–5.2%) in 2010 (P<0.001). The prevalence of passive smoking

was 30.5% (95% CI: 28.6–32.4%) in 2001 and 30.0% (95% CI: 28.1–32.0%) in 2010. The

main source of secondhand smoke switched from a spouse in 2001 to offspring in 2010.

This trend was observed in both sexes. Passive smoking in males from a smoking spouse

decreased from 5.7% to 2.4% (P<0.001), while that from smoking offspring increased from

7.3 to 14.5% (P<0.001). Passive smoking in females from a spouse decreased from 30.6 to

17.6%, while that from offspring increased from 5.3 to 15.4% (P<0.001).

PLOS ONE | DOI:10.1371/journal.pone.0118500 March 18, 2015 1 / 16

OPEN ACCESS

Citation: Yang S, He Y, Liu M, Wang Y, Wu L, Wang
J, et al. (2015) Changes in and Patterns of Smoking
Exposure in an Elderly Urban Population in Beijing:
2001–2010. PLoS ONE 10(3): e0118500.
doi:10.1371/journal.pone.0118500

Academic Editor: Dirce Maria Trevisan Zanetta,
School of Public Health of University of São Paulo,
BRAZIL

Received: August 29, 2014

Accepted: January 19, 2015

Published: March 18, 2015

Copyright: © 2015 Yang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This study was supported by the National
Natural Science Foundation of China (81373080,
http://www.nsfc.gov.cn/), received by YH), Beijing
Municipal Science and Technology Commission
(Z121107001012070, D121100004912003, http://
www.bjkw.gov.cn/n8785584/index.html, received by
YH) and Chinese PLA General Hospital Doctor
Innovation Foundation (13BCZ07, http://www.
301hospital.com.cn/index.php, received by SSY). The
funders had roles in study design, data collection and

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0118500&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://www.nsfc.gov.cn/
http://www.bjkw.gov.cn/n8785584/index.html
http://www.bjkw.gov.cn/n8785584/index.html
http://www.301hospital.com.cn/index.php
http://www.301hospital.com.cn/index.php


Conclusion

Offspring became the main source of secondhand smoke for the elderly. Our findings dem-

onstrated the importance of implementing smoking prevention programs, to educate older

adults who live with a smoking spouse and/or offspring.

Introduction
Smoke exposure is one of the most serious health problems worldwide [1]. Smoking creates a
heavy disease burden and is associated with a 50% higher all-cause mortality rate among men
who are smokers [2]. Active smoking is currently the most preventable cause of death, disabili-
ty and a variety of chronic diseases [3–9]. Furthermore, people who have never smoked can be
exposed to the hazards of tobacco via passive smoking or secondhand smoking [10–15]. Pas-
sive smoking exposure costs billions of dollars in excess medical care every year [16].

There has been a trend toward a decrease in smoking prevalence in the United Kingdom
[17] and the United States[18] due to the efforts of long-term tobacco control strategies; how-
ever, in France, although there was a long-term decrease in smoking prevalence prior to 2005,
an increase was observed between 2005 and 2010 [17]. Further, in Nigeria, the smoking preva-
lence increased among adolescents [19]. Even in the United Kingdom, after a long-term de-
cline, the overall smoking prevalence was still 24.9% [20].

China is the largest tobacco grower and consumer in the world [21], and the disease burden
caused by tobacco smoking is serious [22, 23]. A study conducted in East Asia showed that the
current smoking rate of Chinese adult men (20–69 years old) was 52.9% between 2008 and
2011[24]. Smoking does not only cause adverse health effects in adults, and its influence on
health and quality of life might be greater in the elderly population[25,26]. Further, a previous
study reported that, even in adults older than 60 years old, smoking cessation was still benefi-
cial to health and improved life expectancy in elderly populations [27]. To find groups that
have a higher risk of smoke exposure and to identify the best approach to support smoking ces-
sation in the elderly, it is important to understand smoking exposure and patterns in elderly
populations. However, there have been few data about smoking exposure status in elderly pop-
ulation; even in studies with large samples, the data on the elderly population have rarely been
divided from those of other adults [20,24]. In China, data on the elderly have been rare as well.
Wanshoulu district is a typical district of urban Beijing, and a study of the elderly population of
this district could constitute a miniature of the Chinese elderly urban population and could
provide primary relevant data.

Thus, this study compared the results of two surveys from the Beijing Wanshoulu district (a
typical urban district of Beijing) in 2001 and 2010 to (1) describe the trends in the prevalence
of smoking (active and passive) among the Wanshoulu district elderly population, as well as
among social and demographic subgroups; (2) describe the characteristics of active and passive
smokers; and (3) estimate the changes and patterns of active and passive smoke exposure in
Beijing Wanshoulu elderly populations over a 10-year period.

Design and Methods

Study sample
We conducted two population-based, cross-sectional surveys in 2001 and 2010, including an
elderly population (�60 years old) who lived in the Wanshoulu district as our participants. In
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2001, as described in our previous study [28], there were 94 communities with 20,411 elderly
urban residents (�60 years old) in Wanshoulu district; we used the randomized cluster sam-
pling method and randomly selected 9 of the 94 communities first, all of the households with
elderly residents (n = 2,680) in the 9 communities were selected second, and from each house-
hold, we selected one elderly resident randomly as our participant. A total of 2,334 participants
(943 males and 1,391 females) completed the survey (the response rate was 87.1%); after ex-
cluding 57 people with missing smoking exposure data, a total of 2,277 participants (943 males
and 1,334 females) were included in our study as participants in 2001. For the 2010 survey, we
used the same sampling structure and surveyed the same district. There were 2,510 participants
selected in 2010, and 2,162 participants completed the survey (the response rate was 86.1%).
After excluding 60 people with missing smoking exposure data, a total of 2,102 participants
(848 males and 1,254 females) were included in our study as participants in 2010. We involved
approximately 10% of the total number of elderly residents in the Wanshoulu district in our
study in both surveys, and a total of 835 participants (39%) were included in both surveys
(Fig. 1). Trained interviewers interviewed the participants face-to-face and completed a stan-
dardized questionnaire including a range of demographic factors, medical history, and health-
related behaviors (especially smoking exposure status) according to the standardized protocol.

Measurement of smoking and covariates
The categories of educational attainment included 0–6 years (primary school or less), 6–12
years (middle school to high school or the equivalent), and�13 years (completed a university
or other tertiary education). The occupation types were classified into the following three cate-
gories: white collar (professional, government), light physical labor (skilled worker, service,
merchant), and hard physical labor (famer and worker in factories, manufacturing and trans-
portation). Marital status was classified into the following two categories: married (living as a
couple) and single/divorced/widowed (not living with a spouse). The categories of smoking sta-
tus consisted of never smoker, former smoker, and current smoker. A current smoker was de-
fined as a person who, at the time of the survey, smoked a tobacco product. A former smoker
was defined as a person who had smoked daily for at least 6 months during their lives but at
the time of the survey did not use a tobacco product [29]. A passive smoker was defined as a
person who was exposed to smoke exhaled by a smoker for more than 15 minutes per day
more than once per week [29].

The information regarding cigarettes per day (CPD), age of smoking initiation (SI), years of
smoking, and places and sources of passive smoking was self-reported.

Statistical analysis
SPSS version 19.0 (No. of Serial: 5076595) was used for the data analysis. The significance level
for all tests was set at a two-tailed α value of 0.05. The differences in means and proportions
were tested using the t-test and chi-square test, respectively. Logistic regression models were
used to identify the risk factors for passive smoking from offspring sources.

Ethical considerations
The committee for medical ethics of the Chinese PLA General Hospital examined and ap-
proved our study and before completing the questionnaire, each involved participant signed an
informed consent.
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Fig 1. Flow diagram of the study population.

doi:10.1371/journal.pone.0118500.g001
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Results
A total of 2,277 participants (943 males and 1,334 females) in 2001 were involved in our study
and 2,102 participants (848 males and 1,254 females) in 2010 completed the survey and were
involved in our study. The general characteristics of the participants in the two surveys (unad-
justed and adjusted) are shown in Table 1. Figures capturing the differences between the first
and second measurements of average age (in 2001, it was 67.9 years old, and in 2010, it was
71.2 years old, P<0.001). There were no significant differences between 2001 and 2010 in the
distributions of sex or marital status (P = 0.471 and 0.759, respectively), while a difference be-
tween 2001 and 2010 measurement in education was apparent (Table 1).

Prevalence of active smoking
The prevalence of current active smoking among males and females by selected characteristics
in 2001 and 2010 is shown in Table 2. The prevalence of current smoking was 15.4% (95% CI:
13.9–16.9%) in 2001 and decreased to 11.0% (95% CI: 9.7–12.3%) in 2010 (P< 0.001). The
current smoking prevalence decreased by 3.5% (24.7 vs. 21.2%, P = 0.081) in males, while in fe-
males, the prevalence decreased by nearly half (from 8.8% to 4.1%) (P<0.001). The prevalence
of current smoking declined as age increased; this trend was more evident in 2010 than in
2001. In particular, 60–70 year old males had the highest prevalence (27.2% in 2001 and 30.7%
in 2010) of current smoking in both surveys. The prevalence of current smoking declined dra-
matically in the light physical labor group in both males and females; the prevalence changed
from 35.0% (95% CI: 28.9–41.0%) in 2001 to 15.7% (95% CI: 12.0–19.4%) in 2010 among

Table 1. General characteristics of the participants in two Surveys from 2001 and 2010.

Characteristics 2001 (n = 2,277) 2010 (n = 2,102) P

Age, mean (SD) 67.9 (5.8) 71.2 (6.6) <0.001

% (95% CI) % (95% CI)

60- 63.8 (61.8–65.7) 39.1 (37.0–41.2) <0.001

70- 31.8 (29.9–33.8) 51.7 (49.6–53.9)

80- 4.4 (3.6–5.2) 9.2 (8.0–10.5)

Sex

Male 41.4 (39.4–43.4) 40.3 (38.2–42.4) 0.471

Female 58.6 (56.6–60.6) 59.7 (57.6–61.8)

Marital status 0.759

Married 84.1 (82.6–85.6) 84.4 (82.8–86.0)

Single or divorced or widowed 15.9 (14.4–17.5) 15.6 (14.1–17.2)

Occupation <0.001

White collar 48.8 (46.7–50.9) 33.7 (31.7–35.8)

Light physical labor 44.7 (42.7–46.8) 36.2 (34.2–38.3)

Hard physical labor 6.5 (5.5–7.5) 30.1 (28.1–32.0)

Education level (years) <0.001

0–6 42.3 (40.3–44.3) 27.6 (25.9–29.5)

7–12 34.8 (32.9–36.8) 40.4 (38.3–42.5)

13* 22.9 (21.2–24.6) 32.0 (30.0–34.0)

P is for 2001 vs. 2010;
Data are mean (SD) for continuous values or n (%) for category values.

doi:10.1371/journal.pone.0118500.t001
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males, and it decreased by 8.3% among females (P<0.001). In both surveys, the prevalence of
current smoking was significantly lower among those with higher educational attainment.

The percentage of former smokers was 16.4% (95% CI: 14.9–18.0%) in 2001 and 16.2%
(95% CI: 14.6–17.8%) in 2010. There was no significant change in either gender in the surveys;
in males, the rate of former smoking changed by 0.8% (P = 0.731), while in females, the rate
changed by 0.6% (P = 0.471).

The proportion that never smoked was 68.2% (95% CI: 66.3–70.1%) in 2001 and 72.8%
(95% CI: 70.9–74.7%) in 2010 (P<0.05). The proportion increased significantly in females
(86.6 vs. 90.8%, P = 0.001), but the change was not significant in males (42.1 vs. 46.3%, P =
0.071).

Prevalence of passive smoking
The prevalence of passive smoking among males and females by selected characteristics in
2001 and 2010 is shown in Table 3. The overall prevalence of passive smoking was 30.5% (95%
CI: 28.6–32.4%) in 2001, which decreased slightly to 30.0% (95% CI: 28.1–32.0%) in 2010 (P =
0.717). The prevalence of passive smoking changed slightly in both sexes (P = 0.399 and 0.233,
respectively). The prevalence of passive smoking declined with increasing age among males in
2001 and females in 2010. Females 60- to 70 years old had the highest prevalence (40.5% in
2001 and 41.6% in 2010) of passive smoking in both surveys. Interestingly, the prevalence of
passive smoking increased by 10.5% among 70- to 80-year-old males (P<0.001). The preva-
lence of passive smoking had the greatest increase (increased by 15.2%, P = 0.004) in the heavy
physical labor group among males and the greatest decrease (decreased by 7.3%, P = 0.018) in
the light labor group among females. The prevalence of passive smoking was significantly
lower among those with a higher education level in both sexes in 2010 and in females in 2001
(Table 3).

Patterns of tobacco exposure in elderly populations
Table 4 shows the pattern of tobacco exposure among participants in the 2001 and 2010 sur-
veys. CPD changed slightly in both surveys. The most significant occurrence of passive smok-
ing was with family, and the most serious passive smoking exposure occurred among women
at home, which was approximately 20% higher than that among men at home (P<0.001 in
both measurements), and the prevalence changed slightly (2.4%, P = 0.215) between the two
surveys. However, the main source of passive smoking in females changed between surveys.
Differences between the first and second measurements indicate that passive smoking resulting
from exposure to a smoking spouse decreased by nearly half (13.0%, P<0.001) and that passive
smoking exposure resulting from smoking offspring increased 2-fold (P<0.001). This trend
was observed in males as well; passive smoking exposure from a spouse decreased from 5.7 to
2.4% while passive smoking exposure from offspring increased from 7.3 to 14.5% (P<0.001)
(Table 4).

We found the same change in the 835 participants who were interviewed in both 2001 and
2010 surveys (Table 5).

We fit logistic regression models to examine the risk characteristics of participants exposed
to the secondhand smoke of offspring. The results are shown in Table 6. After adjustment, the
risk of being exposed to the secondhand smoke of offspring did not have a significant differ-
ence between males and females (P = 0.962). The risk of being exposed to the secondhand
smoke of offspring increased among elderly not living as a couple (OR = 1.52, 95% CI: 1.10–
2.08) compared with those living with a spouse after adjustment. The risk also increased
among elderly in the light labor (OR = 1.45, 95% CI: 1.05–2.00) and heavy labor (OR = 1.35,
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95% CI: 0.94–1.95) categories of work compared to those participants classified as white collar.
And a significant trend was observed with education level (P<0.05).

To obtain better external validity, we used the distributions of age and sex in the Beijing
urban population in 2001 and 2010 [30] as references, respectively, and adjusted our data; the
results were similar (S1–S3 Tables, S1 Table shows the adjusted prevalence of current active
smoking among males and females by selected characteristics (gender, age, marriage, education
and occupation) in 2001 and 2010; S2 Table shows the adjusted prevalence of passive smoking
among males and females by selected characteristics in 2001 and 2010; S3 Table shows the pat-
tern of active smoke exposure (CPD, SI and years of active smoke) and passive smoke exposure
(CPD (P), years of passive smoke, the places and sources of passive smoking) in the 2001 and
2010 surveys).

Table 5. Smoking status of the participants.

Male (n = 288) Female (n = 547)

Mean(SD) 2001 2010 P 2001 2010 P

CPD 13.1 (8.3) 13.0 (9.4) 0.771 9.4 (9.2) 9.7 (8.3) 0.792

SI 24.0 (9.1) 25.4 (9.4) 0.017 24.7 (10.0) 26.2 (10.4) 0.140

Years of smoking 33.6 (11.8) 37.3 (14.3) <0.001 31.8 (13.0) 37.0 (14.6) 0.001

CPD (P) 12.5 (7.5) 9.5 (8.3) 0.182 12.7 (7.8) 13.3 (13.6) 0.643

Years of passive smoking 19.6 (11.7) 22.8 (13.3) 0.164 30.4 (13.7) 35.3 (15.7) 0.002

% (95% CI)

Active smoking status <0.001 <0.001

Current 26.0 (20.9–31.1) 16.3 (12.0–20.6) <0.001 7.9 (5.6–10.1) 4.0 (2.4–5.7) <0.001

Former 30.9 (25.5–36.3) 40.6 (34.9–46.3) <0.001 4.8 (3.0–6.5) 9.1 (6.7–11.6) <0.001

Never 43.1 (37.3–48.8) 43.1 (37.3–48.8) 0.918 87.4 (84.6–90.2) 86.8 (84.0–89.7) 0.936

Current smoking prevalence

60–69 28.2 (22.2–34.2) 18.6 (13.5–23.8) <0.001 7.7 (5.3–10.0) 3.9 (2.2–5.7) <0.001

70–79 20.3 (10.2–30.4) 9.4 (2.0–16.7) <0.001 8.1 (1.1–15.0) 4.8 (0.6–10.3) 0.015

�80 0 (0.0) 0 (0.0) 1 (50.0) 0 (0.0)

Passive smoking 18.4 (13.9–22.9) 22.6 (17.7–27.4) <0.001 35.8 (31.8–39.9) 35.1 (31.1–39.1) <0.001

60–69 20.9 (15.5–26.3) 24.6 (18.8–30.3) <0.001 36.4 (32.1–40.8) 35.0 (30.7–39.3) <0.001

70–79 10.9 (3.1–18.8) 17.2 (7.7–26.7) 0.091 29.0 (17.4–40.7) 33.9 (21.8–46.0) 0.037

�80 0 (0.0) 0 (0.0) 2 (100.0) 2 (100.0)

Places <0.001 <0.001

Family 12.5 (8.7–16.3) 18.8 (14.2–23.3) <0.001 34.6 (30.6–38.6) 33.1 (29.1–37.1) <0.001

Work 5.6 (2.9–8.2) 2.8 (0.9–4.7) 0.487 1.1 (0.2–2.0) 1.1 (0.2–2.0) 0.795

Public 0.4 (0.3–1.0) 0.7 (0.3–1.7) 0.933 0.2 (0.1–0.5) 0.9 (0.1–1.7) 0.923

Source <0.001 <0.001

Couple 5.6 (2.9–8.2) 2.8 (0.9–4.7) <0.001 28.9 (25.1–32.7) 14.6 (11.7–17.6) <0.001

Off-springs 6.6 (3.7–9.5) 16.7 (12.3–21.0) <0.001 4.4 (2.7–6.1) 17.7 (14.5–20.9) <0.001

Colleagues 5.2 (2.6–7.8) 3.1 (1.1–5.2) 0.475 1.1 (0.2–2.0) 1.7 (0.6–2.7) 0.750

Others 1.0 (0.1–2.2) 0 (0.0) 1.5 (0.5–2.5) 0.9 (0.1–1.7) 0.784

P is for 2001 vs. 2010

Data are mean (SD) for continuous values or % (95% CI) for category value

CPD = cigarettes per day

SI = age of smoking initiation.

doi:10.1371/journal.pone.0118500.t005
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Discussion
Smoke exposure among the elderly population is an important and potentially preventable
health problem. However, to date, few epidemiological studies have assessed the changes and
patterns of smoke exposure among the elderly. To the best of our knowledge, this is the first
study to assess the changes and patterns of smoking exposure (active and passive) among elder-
ly populations in the past decade in China.

Few studies have specifically examined the prevalence of smoking in elderly populations,
while other surveys have mentioned the current smoking prevalence in the elderly; all of these
studies included the elderly in the total adult sample and used questionnaires tailored to the
adult population. In Europe, the overall smoking prevalence in the elderly (�65 years old) was
11.5% (15.3% in males and 8.6% in females) in 2010 [31]. In Seongnam, Korea, the overall
smoking prevalence in the elderly (�65 years old) was 11.9% (23.3% in males and 3.9% in fe-
males) in 2005[32]. A meta-analysis combining 48 studies showed that the overall prevalence
of tobacco use was 13% in both genders (22% in males and 8% in females) among 140,058 el-
derly subjects (�60 years old) [33]. In elderly Mexican Americans, the prevalence of smoking
in males (ages 65–74) decreased from 41.2 to 19.6% between 1983–1984 and 1993–1994, and
in females, the prevalence of smoking decreased from 19.2 to 9.8% [34]. For the Chinese popu-
lation, a study excluding participants who were 70 years old and older showed that 52% of
males were current smokers in 2002 [35]. In our study, we observed that the current smoking

Table 6. Odds ratio (OR) of offspring source of passive smoking (123 male and 193 female) vs. non-
passive smoking (668 male and 803 female) according to selected characteristics in 2010.

Crude Adjusted

Sex

Male 1 1

Female 1.31 (1.02–1.67) 0.96 (0.73–1.26)

Age (years)

60- 1 1

70- 1.22 (0.94–1.59) 0.98 (0.74–1.30)

80- 0.89 (0.56–1.41) 0.71 (0.44–1.16)

P for trend 0.706 0.293

Marital status

Married 1 1

Widowed or divorced 1.77 (1.32–2.38) 1.52 (1.10–2.08)

Occupation

White collar 1 1

Light physical labor 1.63 (1.19–2.23) 1.45 (1.05–2.00)

Hard physical labor 2.16 (1.57–2.98) 1.35 (0.94–1.95)

P for trend <0.001 0.108

Education level (years)

0–6 1 1

7–12 0.52 (0.39–0.69) 0.58 (0.43–0.80)

13* 0.36 (0.26–0.49) 0.42 (0.29–0.63)

P for trend <0.001 <0.001

Adjusted model involved gender, age group, marital status (married, single or divorced or widowed),

occupation (white collar, light physical labor, hard physical labor) and education level (years: �6, 7–12, �13).

doi:10.1371/journal.pone.0118500.t006
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prevalence in the elderly population was 15.4% in 2001, and this decreased to 11.0% in 2010.
The prevalence remained stable among males (24.7% in 2001 and 21.2% in 2010); although in
females, the prevalence decreased significantly from 8.8 to 4.1%, which is similar to the results
of the study in Seongnam, Korea in 2005. Although the prevalence in elderly males was lower
than in adults overall [35], the prevalence remained high and stable over the past decade. The
60–70-year-old males had the highest prevalence of current smoking in both surveys. In fe-
males, for cultural and social reasons[36], the current smoking prevalence was always much
lower than that in males, and in this study, it decreased significantly over the past decade.

In our study, we observed an inverse relationship between education level and prevalence of
current smoking in both genders over the past decade. A model of the tobacco epidemic was
proposed by Lopez and colleagues in 1994 that identified a direct relationship between educa-
tion level and smoking prevalence in the 1970s, a null relationship in the 1980s and an inverse
relationship in the 1990s among elderly populations; among all adults, the relationship between
education level and smoking prevalence was slightly inverse in the 1970s, stronger in the 1980s
and the strongest in the 1990s [37]. According to this model, the elderly population in our
study is in a further stage of the tobacco epidemic.

Compared with the results of the 2002 national tobacco survey, in which average consump-
tion was 15 cigarettes per day among Chinese adult smoking males, [35], the cigarette con-
sumption among elderly smoking males was comparable in 2001 (13.3 cigarettes per day) and
decreased slightly in 2010 (13.0 cigarettes per day).

Previous studies have shown that 25% of U.S. children were exposed to passive smoking in
2000 [38]; in Italy, 33% of the elderly population (�65 years old) was exposed to indoor passive
smoking [39]. This means that passive smoking is epidemic throughout the world and affects
the health of vulnerable groups. The 2002 national tobacco survey of China showed that the
prevalence of passive smoking was 49.7% in urban areas in 2002 [22]. In our study, the preva-
lence of passive smoking was 30.5% in 2001 and 30.0% in 2010, which was lower than the na-
tional prevalence in 2002; this may be due to the higher socio-economic status of our
participants from urban Beijing compared to others in China, as higher socio-economic status
tends to lead to lower passive smoke exposure [16,40].

In our study, we found a significant decrease in both the prevalence of current smoking and
passive smoking among the light physical labor group from 2001 to 2010. This may be related
to the step-by-step implementation of a national smoking ban in public places and the ban of
tobacco advertising [41]. Further, a similar decrease was found in the middle education group,
indicating that the tobacco control program in large cities in China is to some extend influenc-
ing citizens of middle socio-economic status.

In our study, we observed a transition of the main source of passive smoking exposure
among the elderly in China. Due to cultural and social reasons, most adults were particularly
concerned about the health of their children and consciously avoided smoking in front of chil-
dren, whereas they did not avoid smoking in front of the elderly. In 2010, offspring become the
main source of passive smoking exposure among the elderly. Today, there are more than a few
adults are living with their parents because having four generations under one roof is an auspi-
cious situation in Chinese culture, and traditionally, supporting the elderly takes the form of
family support as its main presentation. The tobacco control frame only emphasizes protecting
children and adolescents from secondhand smoking. According to our study, in China, there
should be a greater focus on the epidemic of passive smoking exposure in the elderly popula-
tion, and more specific health education and smoking cessation services should be provided to
adults who are living with their parents. Additionally, elderly not living as a couple, the elderly
with low education levels and those involved in heavy physical labor work had a higher risk of
the secondhand smoke exposure from offspring.

The Changes and Patterns of Smoking in Chinese Elderly

PLOS ONE | DOI:10.1371/journal.pone.0118500 March 18, 2015 12 / 16



To assure the quality of our study, we used strictly trained interviewers and the standardized
protocol. Further, Wanshoulu District is a miniature of Beijing urban area [28]. Furthermore,
we used respective percentages of age and gender in Beijing in 2001 and 2010 as a reference
and standardized our data to improve the representativeness in S1–S3 Tables, and the results
were similar. The response rate was high. Consequently, the prevalence of and changes in
smoking exposure (active and passive) in the elderly population could be a miniature of urban
areas of Beijing, China. Furthermore, to the best of our knowledge, this is the first study to as-
sess the changes in and patterns of smoking exposure (active and passive) among elderly popu-
lations over the past decade in China. However, our study cannot represent the characteristics
of rural areas and regions of China with other levels of socio-economic status in which there
are more elderly people living without offspring.

Admittedly, this study was a cross-sectional study with two time points conducted in Wan-
shoulu district (a miniature of Beijing urban area). For feasibility and due to limited financial
resources reasons, we used the randomized cluster sampling method, instead of random sam-
pling, and when we calculated the sample size, we multiplied by 1.5 as a cluster effect to im-
prove the representativeness of the sample. Further, unlike a cohort study, this study could
only calculate the prevalence of smoking exposure in the two surveys, but it could not predict
the incidence accurately. However, approximately 39% (835 participants) of the population
was included in both surveys. To be more complete, we conducted the same analyses for the
835 participants included in both surveys. The similar results that we obtained confirmed the
changes of smoking exposure in the elderly. Another limitation of our study is the potential in-
formation bias inherent in a cross-sectional study, as the information was collected by ques-
tionnaires, and the exposure information was all self-reported. However, we used certain
definitions to distinguish different smoking exposure statuses, and the interviewers were strict-
ly trained to conduct the face-to-face interview to avoid information bias.

In summary, our study examined the smoke exposure status specifically in the elderly popu-
lation, and we found that the current smoking prevalence remained high and stable in elderly
males, while the prevalence decreased significantly in females. According to the inverse rela-
tionship that existed between education level and the prevalence of current smoking, the elder-
ly people in our study were in a further stage of the tobacco epidemic. Additionally, we found a
significantly decreased exposure in the light labor group, which might be related to workplace
smoking bans in Beijing.

More notably, we observed that passive smoking exposure was epidemic in the elderly pop-
ulation, and offspring have become the main source of passive smoking exposure for the elder-
ly. The elderly not living as couples, those with low education levels and those involved in
heavy physical labor have a higher risk of exposure to the secondhand smoke of offspring. Ac-
cording to our study, in China, there should be a greater focus on the epidemic of passive
smoking exposure in the elderly population, and more specific health education and smoking
cessation services should be provided to adults who are living with their parents. Further, the
tobacco control frame should increase focus on the secondhand smoke exposure among elder-
ly. In addition, further studies are needed to assess the conditions among the elderly popula-
tions in rural areas of China and in regions with other levels of socio-economic status.

Supporting Information
S1 Dataset. The dataset of the participants in two Surveys from 2001 and 2010. It contains
the raw data of 4,379 participants (2,277 of 2001 and 2,102 of 2010) with 24 variables. Includ-
ing code, gender (male or female), the year of investigation (2001 or 2010), weight, age group
(60-, 70- and 80-), education years (0–6, 7–12,�13 years), marriage status (married, single or
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divorced or widowed), occupation (white collar, light physical labor, hard physical labor), CPD
(cigarettes per day), SI (age of smoking initiation), years of active smoke, PCPD (cigarettes per
day of passive smoking), years of passive smoke, never smoker (yes or no), former smoker (yes
or no), current smoker (yes or no), passive smoker (yes or no), passive smoke at home (yes or
no), passive smoke in work place (yes or no), passive smoke in public places (yes or no), passive
smoke from couple (yes or no), from offspring (yes or no), from colleague (yes or no) and from
others (yes or no).
(ZIP)

S1 Table. Adjusted prevalence (95%CI) of current active smoking among males and females
by selected characteristics (2001–2010). S1 Table shows the adjusted prevalence of current ac-
tive smoking among males and females by selected characteristics (gender, age, marriage, edu-
cation and occupation) in 2001 and 2010. P1 is for 2001 vs. 2010; P2 is for the comparison of
characteristics groups.
(DOC)

S2 Table. Adjusted prevalence (95%CI) of passive smoking among males and females by se-
lected characteristics (2001–2010). S2 Table shows the adjusted prevalence of passive smok-
ing among males and females by selected characteristics (gender, age, marriage, education and
occupation) in 2001 and 2010. P1 is for 2001 vs. 2010; P2 is for the comparison of
characteristics groups.
(DOC)

S3 Table. Adjusted smoking status in the participants of two surveys in 2001 and 2010. S3
Table shows the pattern of active smoke exposure (CPD, SI and years of active smoke) and pas-
sive smoke exposure (CPD (P), years of passive smoke, the places and sources of passive smok-
ing) in the 2001 and 2010 surveys; P is for 2001 vs. 2010. Data are mean (SD) for continuous
values or % (95%CI) for category value; CPD = cigarettes per day; SI = age of smoking initia-
tion; CPD (P) = cigarettes per day of passive smoking.
(DOC)
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