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Abstract
Background Evaluating the progress of tobacco control
across the world heavily relies on smoking prevalence esti-
mates. Those estimates are often based on surveys of self-
reported cigarette smoking status. The accuracy varies among
populations with different social and cultural backgrounds.
Purpose The objective of this study was to estimate the
prevalence of smoking and assess the accuracy of self-
report smoking status in Chinese adolescents.
Method This population-based cross-sectional survey includ-
ed 10,934 adolescents aged 12 to 18 years from 17 schools in
Shanghai, China. Data on adolescents’ smoking status were
collected from adolescents’ self-reporting and from parents’
questionnaires, separately. Based on the data of two sources,
the total number of smokers among the study participants was
estimated using a capture–recapture method.
Results Among 5,452 girls and 5,482 boys, the prevalence
estimates of self-reported smoking were 13.6 % (748) and
5.2 % (284) for boys and girls, respectively. Parents only
identified smaller proportions of smoking adolescents: 2.9 %
(160) boys and 0.6 % (30) girls. Using the capture–recapture
method, we estimated the prevalence of smoking as 18.3 %
(95 % CI 16.4, 20.3) for boys and 14.2 % (95 % CI 7.6, 20.8)
for girls.

Conclusion Reliance on self-reporting to identify smokers
among Chinese adolescents significantly underestimates the
number of smokers, particularly among Chinese girls. Self-
reported smokers only represent less than half of actual
smokers in girls. Our findings are important for monitoring
smoking trends and evaluating tobacco control interventions
among Chinese adolescents.
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Introduction

China is the world’s largest tobacco consumer and the age of
smoking initiation is getting younger [1, 2]. Many adult
smokers initiate the smoking habit during adolescence and
as young adults. Preventing adolescents from starting to
smoke should be a priority, as the prevalence of smoking
among adolescents and young adults in China has increased
in recent years [3]. Smoking prevalence is a vital marker of
progress in tobacco control and self-reported data are typi-
cally used to monitor trends in cigarette smoking [4, 5]. The
validity of self-reported smoking data has been assessed in
various populations [6–11], and its validity varies among
populations with different social and cultural backgrounds.
The data from the USA and Canada suggest that self-
reported data provide a valid estimate of smoking preva-
lence in those countries [6–8]. However, studies in En-
gland, Poland and Korea suggest that self-reported data
underestimated the prevalence [8, 9]. The accuracy of
self-reported smoking among Chinese adolescents is still not
clear, even though describing the estimated smoking trends
has exclusively relied on self-reported smoking data [4]. The
objective of this study was to estimate the prevalence of
smoking and assess the accuracy of self-reported smoking
status in Chinese adolescents.
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Methods

Subjects

Using a multi-stage stratified cluster sampling method in
this cross-sectional study, we selected five administrative
districts in Shanghai, China, at the first stage. Schools
within those districts were stratified into school types to
ensure a sufficient number for each stratum. Then, 17
schools and 385 classes were selected and all students in
the selected classes were eligible to participate. The final
sample included 10,934 adolescents (5,452 girls and
5,482 boys), aged 12 to 18 years. Those adolescents
provided data on self-reported smoking status and their
parents completed the questionnaire indicating if they
knew the child had ever smoked.

Measurements

A self-administrated questionnaire, the Smoking and Risk
Factors Youth Survey Questionnaire, was used to collect data
on smoking status and related factors in Chinese adolescents.
Based on the Global Youth Tobacco Survey questionnaire
[12], the questionnaire was specifically modified for Chinese
adolescents with 59 smoking related items and 12 general
items. All participants in the selected classes were asked to
fill out the questionnaire in the classroom during class time
with each classroom supervised by two field workers.

There were two smoking status measurements: ever
smoking and current smoking. For ever smoking, partic-
ipants were asked: “Have you ever smoked cigarettes,
even just one or two puffs?” Those who chose “no” were
classified as never smokers while those who chose “yes”
as ever smokers. For current smoking, participants were
asked if they had smoked in the last 30 days. Those who
had smoked at least one cigarette in the last 30 days were
considered as current smokers. Using a separate question-
naire, we asked parents if they knew that the child had
ever smoked. This could only capture a small proportion
of smokers but the data would be critically important for
estimating the actual number of smokers among study
participants.

The questionnaire also included some background
characteristics: parents’ smoking status defined as (1)
smoker and (2) non-smoker; parents’ highest education
as (1) lower than high school, (2) high school and (3)
tertiary; parents’ occupation as (1) labour and unem-
ployed, (2) civil servant, (3) teacher and doctor, (4) busi-
ness person and (6) others; the presence of siblings; and
whether attending a boarding school. Participants were
also stratified by three school types: junior high, senior
high and occupational schools. We obtained household
per capita income data through a family questionnaire

filled by one of the parents. Household income levels
were categorised into three groups: <1,000, 1,000–2,499,
2,500–3,499, and ≥3,500 RMB per month.

Analysis

Capture–recapture method, originally developed for esti-
mating wildlife populations, has been used in human
populations [13, 14]. In epidemiology, this technique ex-
amines the degree of overlap between two or more
sources of ascertainment and uses a simple formula to
estimate the total size of the population of interest. We
applied this method to estimate the total number of
smokers among study participants. The study sample
was a closed population. Smoking status among all study
participants were determined by two separate sources:
self-reporting and parent reporting. As expected, the par-
ent reporting could capture a small proportion of actual
smokers. As shown in Fig. 1, a is the number of self-
identified cases, b the number of cases identified by
parents and c identified by both. Poisson regression will
be used to estimate the unidentified cases and total cases,
and their 95 % confidence intervals in the study popula-
tion. The numbers of cases according to different sources
were calculated as: count ¼ eb0þb1x1þb2x2 , where x1 and x2
represent self-reporting and parent reporting indicators,
respectively. The unknown number of cases was calculat-
ed as x=eb0, and the total number of smokers among the
study participants was estimated as

N ¼ eb0þb1 þ eb0þb2 þ eb0þb1þb2 þ eb0˙:

The above estimated total numbers of smokers were used
to calculate the prevalence of smokers among study partici-
pants. Because of the striking difference in the smoking
prevalence between Chinese boys and girls, we also
conducted analysis for girls and boys separately. All analyses
were performed using Stata 12.1SE [15].

Un-identified smokers: x=?  

Self-reported: a Identified by 
parents: b

Identified by both: c 

Fig. 1 Smokers identified by two sources
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Results

Characteristics of Study Participants

Table 1 shows the characteristics of the study participants by
gender. Similar numbers of boys and girls were included in
this study. About 80% fathers and less than 5 %mothers were
reported as smokers. Over half of the study participants were
from urban regions and the other half from rural regions. The
majority of our study participants were single children and
only one quarter of study participants had siblings. About
three quarters had a family income 2,500 RMB or higher.

Numbers and Prevalence of Smoking

The numbers of smokers identified by self-reporting and
estimated by the capture–recapture method are shown in
Table 2. Of 5,482 boys, 629 self-reported as smokers and
the prevalence of smoking was 13.8 % (95 % CI 12.7, 14.6).
Among those who were self-identified as non-smokers, their
parents reported 41 boys who had smoked. Based on the data
from both parents and adolescents, we estimated a total num-
ber of 1,006 (95 % CI 901, 1,110) smokers in boys. The self-

reported smokers were only 63 % of the total estimated
smokers. The estimated prevalence of smoking was 18.3 %
(95 % CI 16.2, 20.3), which was much higher than the
prevalence of self-reported smoking in boys.

Only 273 girls self-reported as smokers and the prevalence of
self-reported smoking for girls was 5.2 % (95 % CI 4.6, 5.8).
Based on both self-reported and parent-reported smoking data,
we estimated 775 (95 % CI 413, 1,135) smokers among 5,452
girls. The estimated prevalence of smoking among girls was 14.2
(95 % CI 7.5, 20.8), which was about 2.8 times as high as the
self-reported prevalence. This also means that the self-reported
smokers only constituted 35 % of total estimated smokers in
girls. In both girls and boys, the capture–recapture estimates of
smoking prevalence were substantially and significantly higher
than the corresponding self-reported values (Fig. 2).

Discussion

In this study, we found that self-reported smoking substan-
tially underestimated the true prevalence of smoking

Table 1 Characteristics of study participants

Female Males

Number 5,452 5,482

Age, years (SD) 14.9 (1.9) 15.0 (1.9)

Education, father

Primary school or less 147 (2.7) 211 (3.9)

Middle school 1,243 (22.9) 1,333 (24.4)

High school 1,945 (35.9) 1,946 (35.8)

University 2,088 (38.5) 2,449 (37.7)

Education, mother

Primary school or less 284 (5.2) 370 (6.8)

Middle school 1,435 (26.4) 1,479 (27.1)

High school 1,777 (32.7) 1,678 (30.7)

University 1,933 (35.6) 1,931 (35.4)

Family income, RMB/person-month

<1,000 198 (3.7) 252 (4.7)

1,000–2,499 1,240 (23.4) 1,193 (22.2)

2,500–3,499 1,506 (28.4) 1,473 (27.4)

3,500+ 2,361 (44.3) 2,464 (45.8)

Parent smoking

Father 3,447 (80.3) 3,303 (77.4)

Mother 182 (4.3) 194 (4.6)

Presence of sibling(s) 1,220 (22.4) 1,386 (25.3)

Urban 2,870 (53.4) 2,817 (52.6)

Boarding school 470 (8.9) 542 (10.4)

Ever cigarette smoking 284 (5.2) 748 (13.6)

Table 2 Estimated numbers of smokers among study participants

Boys 95 % CI Girls 95 % CI

Number of participants 5,482 5,452

Smokers identified by

Self-reporting only 629 273

Parent reporting only 41 19

Both self and parent reporting 119 11

Estimated unidentified
smokers

217 138, 295 472 116, 826

Estimated total smokers 1,006 901, 1,110 775 413, 1,135

Self-reported prevalence, % 13.6 12.7, 14.6 5.2 4.6, 5.8

Estimated prevalence, % 18.4 16.4, 20.3 14.2 7.5, 20.8

Fig. 2 Smoking prevalence in Chinese adolescents aged 12 to 18 years:
self-reporting and capture–recapture estimates

Int.J. Behav. Med.



prevalence among Chinese adolescents. The self-reporting
could only identify about 62 % of true smokers in boys and
35 % smokers in girls. In other words, one third of smokers
in boys and two thirds of smokers in girls did not report their
true smoking status. Possibly because smoking in adoles-
cents particularly in girls is socially undesirable in China, a
large proportion of smokers did not disclose their true
smoking status during the self-reported survey. Researchers
and policy makers should be cautious when interpreting the
trends of self-reported smoking and evaluating tobacco con-
trol interventions among Chinese adolescents.

Our findings differ from those studies in Canada and USA
in which self-reporting provides valid estimates of smoking
prevalence in those populations [6–8]. However, underesti-
mation by self-reporting has been reported in most other
populations [5, 8, 9, 16]. Smoking is one of the socially
undesirable behaviours which are prone to under-reporting.
Because the degree of bias is likely to depend on social and
cultural environments, those findings from other populations
may not apply to Chinese adolescents. Our data indicate that
only a very small proportion of smokers in Chinese girls
actually reported their true smoking status, which made the
prevalence of smoking among Chinese girls spuriously low.
At the population level, the severe underestimation of
smoking by self-reporting has important implications because
these data are used to monitor the trends of smoking, to
allocate resources for intervention programmes and estimate
the health burden of cigarette smoking in this population.

China is the world’s largest producer and consumer of
tobacco and accounts for about one third of the world’s
smokers [17]. It has been estimated that there are more than
300 million current smokers in China [1]. It is important to
understand if the recent decline in self-reported smoking is
due to the effects of tobacco control and the differential
underestimation over time. Currently, evaluating the
smoking trends and tobacco control interventions heavily
relies on the data of self-reporting [4]. Justification for this
practice was that self-reported smoking provided valid esti-
mates in some populations [4], and our data challenged such
justification when applied to Chinese adolescents.

A substantial underestimation of smoking among females
was also reported in another Asian population in Korea [11].
Jung-Choi et al. reported that about half of the cotinine-verified
Korean female smokers did not report their true smoking
status. Korean female smokers tended to hide their smoking
five times more often than their male counterparts. Both coun-
tries share similar sociocultural views that females smokers are
frowned upon. This phenomenon of the gender difference in
under-reporting may also exist in other Asian countries but it
has not been observed in Western populations [6, 8].

Previous studies of Chinese adolescents have shown that
self-reported prevalence estimates of smoking vary substan-
tially, ranging from 12 to 48 % in boys and from 2 to 7 % in

girls [18]. The variation could be due to differences in re-
gions, time periods, ages of study participants and smoking
definitions among those studies. Although our self-reported
estimates were within those previously reported ranges, the
estimate using the capture–recapture method in this study
suggests that smoking is much more prevalent than previ-
ously reported for Chinese girls. Like in previous studies of
Chinese adolescents [18], the prevalence of the smoking in
girls was lower than in boys in our study. Under-reporting is
partly accountable for the extreme low prevalence among
Chinese girls. Although our final estimates showed that
Chinese boys had higher prevalence of smoking than girls,
the difference was not as striking as reflected in the preva-
lence estimates from self-reporting.

There are several limits in this study. Firstly, we used a
two-sample capture–recapture method to examine the com-
pleteness of ascertainment of smoking among Chinese ado-
lescents and to estimate the total number of smokers in the
study population. The both sources of smoking data were
collected through questionnaires. Most other validation stud-
ies were based on the cotinine concentration data as a gold
standard [6–11]. The capture–recapture method was based
on several assumptions. One assumption was that self-
reported and parent-reported smokers were considered as
actual smokers. We do not have data on false positive and
future studies using biomarkers such as cotinine concentra-
tions in Chinese adolescents are needed. However, since
smoking is a socially undesirable behaviour, the number of
false positives is likely to be small particularly for females. A
study in Korea showed the false positive for Korean women
was as low as 0.2 % [11]. Second, this study was based on
data collected from both adolescents and parents. Those
adolescents whose parents did not participate in the survey
were not included but they had higher prevalence of self-
reported smoking than the study participants. Therefore, the
estimate of smoking prevalence may not represent the true
smoking prevalence of the region. Third, this study was
conducted in Shanghai, a well economically developed re-
gion. The degree of under-reporting may vary due to China’s
social, culture and economic diversities among different re-
gions. Finally, the numbers of reported smokers from both
sources for girls were relatively small and the prevalence
estimate was not precise as reflected by the wide confidence
intervals. Nevertheless, the estimated smoking prevalence
was significantly higher than that of self-reported.

The strength of this study is that the capture–recapture
method does not assume one reporting source is better than
the other. As indicated in our analysis, neither source includ-
ed all of the smokers identified by the other source. Self-
reporting captured a higher proportion of smokers than par-
ent reporting and the disparity between two sources indicated
both sources under-reported the true prevalence of smoking
in Chinese adolescents.
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Conclusions

In conclusion, self-reported cigarette smoking prevalence
substantially underestimates true tobacco smoking preva-
lence in Chinese adolescents, particularly in Chinese girls.
One third of smokers in boys and two thirds of smokers in
girls do not disclose their true smoking status. The severity
of the smoking problem among Chinese adolescents is hid-
den. The headline figures for cigarette smoking prevalence
from population-based surveys in Chinese adolescents
should be cautiously interpreted. There is an urgent need
for improving the accuracy of identifying smokers among
Chinese adolescents.

Acknowledgments The authors wish to thank the study participants
for their contribution to the research.

Funding This publication is based on research funded in part by the
Bill & Melinda Gates Foundation. The findings and conclusions
contained within are those of the authors and do not necessarily reflect
positions or policies of the Bill & Melinda Gates Foundation. Z.W. was
supported by NHMRC of Australia (511013 and APP1042343).

Conflict of Interest The authors declare that they have no conflicts of
interest.

Ethical Approval This study is approved by the Shanghai Jiao Tong
University School of Public Health Research Board.

References

1. Giovino GA, Mirza SA, Samet JM, Gupta PC, Jarvis MJ, Bhala N,
et al. Tobacco use in 3 billion individuals from 16 countries: an
analysis of nationally representative cross-sectional household sur-
veys. Lancet. 2012;380(9842):668–79.

2. Yang G, Fan L, Tan J, Qi G, Zhang Y, Samet JM, et al. Smoking in
China: findings of the 1996 National Prevalence Survey. JAMA.
1999;282(13):1247–53. doi:10.1001/jama.282.13.1247.

3. Yang GH,Ma JM, Liu N, Zhou LN. [Smoking and passive smoking
in Chinese, 2002]. Chin J Epidemiol. 2005;26(2):77–83.

4. Qian J, Cai M, Gao J, Tang S, Xu L, Critchley JA. Trends in
smoking and quitting in China from 1993 to 2003: National Health

Service Survey data. Bull World Health Organ. 2010;88(10):769–
76. doi:10.2471/BLT.09.064709.

5. Gorber SC, Schofield-Hurwitz S, Hardt J, Levasseur G,
Tremblay M. The accuracy of self-reported smoking: a sys-
tematic review of the relationship between self-reported and
cotinine-assessed smoking status. Nicotine Tob Res. 2009;11(1):12–
24. doi:10.1093/ntr/ntn010.

6. Wong SL, Shields M, Leatherdale S, Malaison E, Hammond D.
Assessment of validity of self-reported smoking status. Health Rep.
2012;23(1):47–53.

7. Yeager DS, Krosnick JA. The validity of self-reported nicotine
product use in the 2001–2008 National Health and Nutrition
Examination Survey. Medical care. 2010;48(12):1128–32.
doi:10.1097/MLR.0b013e3181ef9948.

8. West R, Zatonski W, Przewozniak K, Jarvis MJ. Can we trust
national smoking prevalence figures? Discrepancies between bio-
chemically assessed and self-reported smoking rates in three coun-
tries. Cancer Epidemiol Biomarkers Prev. 2007;16(4):820–2.
doi:10.1158/1055-9965.EPI-06-0679.

9. Lee CY, Shin S, Lee HK, Hong YM. Validation of self-report on
smoking among university students in Korea. Am J Health Behav.
2009;33(5):540–9.

10. Patrick DL, Cheadle A, Thompson DC, Diehr P, Koepsell T, Kinne
S. The validity of self-reported smoking: a review and meta-
analysis. Am J Public Health. 1994;84(7):1086–93.

11. Jung-Choi KH, Khang YH, Cho HJ. Hidden female smokers in
Asia: a comparison of self-reported with cotinine-verified smoking
prevalence rates in representative national data from an Asian
population. Tob Control. 2011. doi:10.1136/tobaccocontrol-2011-
050012.

12. Global Youth Tobacco Survey Collaborative Group. Tobacco use
among youth: a cross country comparison. Tob Control.
2002;11(3):252–70.

13. Chao A, Tsay PK, Lin SH, Shau WY, Chao DY. The applications of
capture–recapture models to epidemiological data. Stat Med.
2001;20(20):3123–57.

14. Corrao G, Bagnardi V, Vittadini G, Favilli S. Capture–recapture
methods to size alcohol related problems in a population. J
Epidemiol Community Health. 2000;54(8):603–10.

15. StataCorp. Stata Statistical Software: Release 12. College Station,
Texas: StataCorp LP; 2011.

16. Lewis SJ, Cherry NM, Mc LNR, Barber PV, Wilde K, Povey AC.
Cotinine levels and self-reported smoking status in patients attend-
ing a bronchoscopy clinic. Biomarkers. 2003;8(3–4):218–28.
doi:10.1080/1354750031000120125.

17. World Health Organization. WHO report on the global tobacco
epidemic, 2008: the MPOWER package. Geneva: World Health
Organization; 2008.

18. Yang G, Ma J, Chen AP, Brown S, Taylor CE, Samet JM. Smoking
among adolescents in China: 1998 survey findings. Int J Epidemiol.
2004;33(5):1103–10. doi:10.1093/ije/dyh225.

Int.J. Behav. Med.

http://dx.doi.org/10.1001/jama.282.13.1247
http://dx.doi.org/10.2471/BLT.09.064709
http://dx.doi.org/10.1093/ntr/ntn010
http://dx.doi.org/10.1097/MLR.0b013e3181ef9948
http://dx.doi.org/10.1158/1055-9965.EPI-06-0679
http://dx.doi.org/10.1136/tobaccocontrol-2011-050012
http://dx.doi.org/10.1136/tobaccocontrol-2011-050012
http://dx.doi.org/10.1080/1354750031000120125
http://dx.doi.org/10.1093/ije/dyh225

	Severe and Differential Underestimation of Self-reported Smoking Prevalence in Chinese Adolescents
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Subjects
	Measurements
	Analysis

	Results
	Characteristics of Study Participants
	Numbers and Prevalence of Smoking

	Discussion
	Conclusions
	References


