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Abstract

Objectives The present study examines individual and

regional influences on household smoking restrictions

(HSR) in China.

Methods Participants were 16,866 urban residents, who

were identified through a multistage survey sampling process

conducted in 21Chinese cities. The data collection instrument

was a self-administered questionnaire. The sample was

characterized in terms of the prevalence of complete HSRs.

Multilevel logistic regression models were used to examine

individual and environmental influences on HSR.

Results Almost 22 % of respondents reported HSR. Both

individual and regional-level restrictions on smoking in the

workplace were associated with HSR. There was a negative

association between individual household income and

HSR, and positive associations between HSR awareness of

secondhand smoking (SHS), and smoking in smoke-free

public places, respectively.

Conclusions This study revealed individual and regional

influences on HSR in China. Findings underscore that ef-

forts to restrict smoking in Chinese households should

emphasize environmental smoking restrictions, while si-

multaneously raising public awareness of the perils of SHS.

This information should be considered in designing inter-

ventions to sustain and promote the adoption of HSR in

Chinese and other populations.

Keywords Tobacco control � Secondhand smoke (SHS) �
Environmental tobacco smoke (ETS) �
Household smoking restrictions (HSR)

Introduction

Ecological models have emphasized that household

smoking restrictions (HSR) are influenced by both indi-

vidual and environmental variables. Many studies have

shown that demographic and social variables are associated

with HSR (Gilpin et al. 1999; Pizacani et al. 2003; Shelley

et al. 2006). Smokers and individuals who lack awareness

that secondhand smoke (SHS) is harmful to health are less

likely to report a complete household smoking ban com-

pared to non-smokers and those who do believe SHS is

harmful (Gilpin et al. 1999; Shelley et al. 2006). Other

studies found that indoor clean air laws in public places or

smoke-free workplaces are associated with large increases

in voluntary HSR (Cheng et al. 2001; Akhtar et al. 2009). A

better understanding of these connections would help im-

prove the design and implementation of public health

interventions and policies. However, most HSR studies

only examined individual-level correlates (Shelley et al.

2006; Cheng et al. 2001; Akhtar et al. 2009). Furthermore,

Chinese studies have focused on the description of HSR
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prevalence and associated demographic characteristics

(Yang et al. 2011; Wang et al. 2009). This is probably

because most were confined to local and community sub-

populations, and therefore provided no basis for analyzing

regional variation in HSR.

When compared to individual variables, regional variables

yield more stable estimates of personal social and economic

environments. Furthermore,multilevel analyses can allow for

separation of individual and contextual effects upon smoking

and thus avoid ecologic and atomistic fallacies (Gilpin et al.

1999). The Chinese mainland is vast and culturally diverse,

with disparate economic and social development. By utilizing

a large-scale, national population sample, it is possible to

accommodate such variability within this study.

The purpose of this research was to examine HSR ex-

planatory variables at both individual and regional levels

among Chinese urban residents. We evaluated the hypothesis

that individual sociodemographic variables, smoking status,

smoking in smoke-free public places, awareness of SHS

harmful effects (Yang et al. 2011; Wang et al. 2009; Gilpin

et al. 1999; Pizacani et al. 2003; Shelley et al. 2006), and

regional location, economic development, and smoking re-

strictions in public places and workplaces are associated with

HSR (Akhtar et al. 2009;Chenget al. 2001;Gilpin et al. 1999).

Methods

Study area and participants

This study used a cross-sectional multistage sampling de-

sign. In Stage 1, twenty-one cities were selected from

across China and differentiated by regional location: Nine

were located in eastern China, five in central China, and the

remaining seven in the west. In Stage 2, two residential

districts were randomly selected from the main urban zones

of each city. For the purpose of this study, urban zones

were those areas where most permanent residents live,

excluding new building districts and sub-districts where

many rural migrants reside. In Stage 3, four communities

were randomly selected within each residential district. In

Stage 4, a family household registration (‘‘hukou’’) list was

used to randomly sample households from the selected

communities. Individuals aged 15 years and older, who had

lived in their home for at least 1 year, were identified

within each household. Finally, one respondent whose

birthdate was closest to the date of contact was selected

from each family to be surveyed.

Data collection

A self-administered questionnaire was scheduled, once an

individual was identified and agreed to participate in the

survey. Field staffs were fourth-year medical students from

a local medical college, who had received a 1-day training

on the study protocol and interviewing procedures. The

questionnaire was administered privately in participants’

homes or in a designated quiet place, such as a backyard or

community park. Survey were conducted on Saturdays,

Sundays, weekday evenings or other times when par-

ticipants were available. After receiving oral instructions

by staff about the survey and questionnaire, the question-

naire was given to each participant to complete.

Completion took approximately 30 min. Participants could

ask staff if they were confused about any items on the

questionnaire. For participants with low educational levels

or physical limitations, a survey staff member read the

entire questionnaire. Each participant was given an op-

portunity to clarify confusing questions and adequate time

to questionnaire completion.

The same survey protocol was used across the 21 cities

to assure homogeneity of interview and data collection.

The study was approved by the Ethics Committee of the

Medical Center, Zhejiang University, and verbal consent

was obtained from all respondents prior to its

commencement.

Dependent variable

HSRs respondents were asked what HSRs they currently

had in their homes, with options covering no restrictions,

restrictions in some places, or restrictions in all places.

Their responses were recorded dichotomously as 1 = no

smoking restrictions or partial restrictions and 2 = com-

plete restrictions.

Individual-level independent variables

Sociodemographics Individual-level data were collected on

age, gender, ethnicity, marital status, education, occupa-

tion, and per capita household income.

Smoking variables Smoking status, including frequency

and quantity of smoking, smoking history, and smoking

situation, was assessed through self-report. For these

variables, standard measures developed for use in previous

studies were utilized (World Health Organization 1998;

Chinese Center for Disease Control and Prevention 2011;

Yang et al. 2013). Several other variables related to

smoking were also included. Respondents were asked

whether they most frequently smoked alone or with others

(smoking types). Smoking in smoke-free public venues

was measured with several questions. First, they were

asked if they had been in public places, including restau-

rants, hospitals, and shops in their city with the last

6 months (yes/no)? Following this question they were

asked whether they observed any ‘‘no smoking’’ signs in
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these venues, with response options of yes or no, if these

two questions were answered ‘‘yes’’, they were then asked

if they had ever smoked at the non-smoking locations,

responses were coded 1 if they had not smoked and 2 if

they had (Yang et al. 2011). If they were smokers, they

were also asked whether they thought that their smoking

was harmful to the health of others (awareness of SHS

harm). SHS exposure was measured by asking respondents

whether they were exposed to SHS daily, and for at least

15 min (Yang et al. 2011).

Environmental smoking restrictions

Two aspects of this variable were measured: smoking re-

strictions in public places and smoking restrictions in

workplaces (Yang et al. 2011, 2013). In order to examine

smoking restrictions in public places, respondents were

asked two questions. First, they were asked if they had been

in public places, including restaurants, hospitals, and shops

in their city with the last 6 months (yes/no)? They were then

asked whether they observed any ‘‘no smoking’’ signs in

these venues, Optional responses were no restrictions/re-

strictions. To examine smoking restrictions in workplaces,

respondents were asked what restrictions were implemented

at their current workplace, with options covering none/re-

strictions in some places/restrictions in all places. Responses

were recoded dichotomously as 1 = no smoking restrictions

or partial restrictions and 2 = complete restrictions. For

retired or unemployed respondents, ‘workplace’ referred to

the place where they went for temporary work, leisure, or

community activities. For students, the workplace covered

classrooms and libraries (Yang et al. 2011).

Regional-level independent variables

There were three regional-level independent variables

representing different aspects of the concept of region. The

first was location, and was categorized as east, central, and

west. The second aspect was level of economic develop-

ment, as measured by per capita Gross Domestic Product

(GDP). GDP was categorized as\40,000, 40,000–49,999,

and 50,000? Yuan. The data were obtained from the

Department of Comprehensive Statistics in the National

Bureau of Statistics (2012). Finally, individual-level re-

sponses were aggregated to construct contextual variables

of smoking restrictions in public places and workplaces

(Yang et al. 2011).

Data analysis

All data were entered into a database using Microsoft

Excel. The dataset was then imported into SAS (version

9.3) for statistical analyses (SAS Institute Inc 2011). De-

scriptive statistics were calculated for complete HSR

prevalence. Analyses were stratified by smoking and non-

smoking status. Chi-square analyses were conducted to

determine associations between smoking restrictions and

the selected regional and individual variables, using the

SAS survey procedure (SAS Institute Inc 2011). These

associations were confirmed employing a multilevel lo-

gistic regression model using the SAS NLMIXED

procedure (Grilli and Pratesi 2004). Series models were

built for each primary predictor, with adjustment for the

influence of potentially confounding sociodemographic

characteristics.

We started with the Null Model, a two-level model with

random intercepts in building the HSR multilevel logistic

regression model. The constant was the sole predictor in

accounting for cross-city variation in HSR. To this base,

we added sociodemographic variables and one primary

predictor as fixed main effects to form a multi-level model

for evaluating the impact of HSR. For this analysis, we

operationalized HSR as a binary response (no or partial

smoking restriction = 1, complete smoking ban = 2). All

regional and individual variables, with categories, are

listed in Table 1. The first category for each variable

served as the referent in the logistic regression analysis.

We utilized backwards elimination stepwise regression, as

the preferred method for exploratory analyses, where

analysis begins with a full or saturated model and variables

are eliminated iteratively from the model. Model fitting

was assessed by the likelihood of a change in the -2log.

Significance of the random parameter variance estimates

was assessed using the Wald joint v2 test statistic (Wang

et al. 2008).

All analyses were weighted (Grilli and Pratesi 2004).

Weights included (1) sampling weights, as the inverse of

the probability of selection, calculated at region, city, dis-

trict, and community, lastly were multiplied together. (2)

Non-response weights consisted of household and indi-

vidual aspects. (3) Post-stratification weights were

calculated using the combination of sex (male, female) and

age (\25 years, 25-, 35, 45, 55 and more), based on esti-

mated distributions of these characteristics from a national

survey (National Bureau of statistics 2012). The final

overall weights were computed as the product of the prior

three sets of weights. Chi-square analyses were weighted

using the overall weights, and the multilevel analysis was

weighted using the sampling weights at the city and sub-

ject-levels, with non-participation and post-stratification

weights, respectively (Grilli and Pratesi 2004). Since there

is no weight statement available for the NLMIXED pro-

cedure, these analyses were weighted though a macro

method (Grilli and Pratesi 2004).
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Results

A total of 18,875 individuals were identified as potential

participants for this study, of whom 17,124 (90.7 %) were

contactedand agreed toparticipate in the survey.Of the17,124

questionnaires, 16,866 (98.5 %) were valid and analyzed. Of

the 16,866 participants, 5660 were smokers—a prevalence of

31.6 %. Nearly 22 % (95 % CI 15.7, 24.9) of the surveyed

households reported complete HSRs. The prevalence of sec-

ondhand smoke exposure among non-smokers in surveyed

households was 56.2 % (95 % CI 40.2, 72.3).

The Chi-square analyses demonstrated that HSR

prevalence varied significantly across gender, ethnicity,

education, occupation, income, smoking, awareness of

SHS harms, smoking types, smoking in smoke-free public

places, and restrictions on smoking in public places and

workplaces at the individual level, and restrictions on

workplace smoking at the regional level (Tables 1, 2).

The multilevel analyses showed that professionals,

managers and clerks, had a higher HSR prevalence than did

operations workers, students, retirees, and others; there was

a negative association between household income and HSR

whether in the smoking or no smoking group (Tables 1, 2).

There was a positive association between HSR and indi-

vidual smoking types, smoking in smoke-free public place,

awareness of SHS harms, and public place smoking re-

strictions in the smoking group. There was a positive

association between HSR and individual and regional

workplace smoking restrictions in both the smokers and

non-smokers. There was no interaction between individual

and regional restrictions on smoking in the workplace

among the smokers (estimate 0.0967, p[ 0.05) and non-

smokers (estimate 0.0786, p[ 0.05).

Discussion

Twenty-two percent (95 % CI 15.7, 24.9) of the respon-

dents reported that smoking was banned in their home, a

lower prevalence than reported in the western world (Far-

kas et al. 2000; Gilpin et al. 1999; Pizacani et al. 2003;

Wakefield et al. 2000), and lower still than in Chinese

homes in the US (Shelley et al. 2006). Another study found

that only 6.3 % of families banned smoking at home in

Chinese rural areas (Wang et al. 2009). More than half of

Chinese populations are being exposed to SHS in their

homes, which is a major health threat to family members.

This study indentified individual and regional differ-

ences in HRS among this representative sample.

Professionals, managers and clerks had a higher prevalence

of HSR, which aligns with other reports. This finding has

been explained by assuming that these groups have a

greater awareness of the harm of SHS (Gilpin et al. 1999;

King et al. 2011), taking account of our finding that

educational level was not associated with HSR. The ob-

servation that occupation and HSR were associated may

reflect the influence of professional ‘‘roles’’ and ‘‘habits’’.

Since the professional, managerial, and clerical group

conformed to occupational norms that restrict smoking in

their job venues, they may also have deemed it prudent to

ban smoking in their households (Yang et al. 2013).This

study found that males experience a higher prevalence of

HSR than females among the non-smoking group, and may

be due to excess SHS exposure. This study showed that

SHS exposure prevalence was significantly higher in males

than in females (50.1 vs. 19.2 %), and SHS exposure was

significantly associated with HSR (OR 2.06, 95 % CI

1.16–3.64).

Some researchers reported that indoor smoking bans in

households are less common among low-income house-

holds, and speculated that this relationship existed because

those with higher incomes had higher educational attain-

ment and were more aware of the hazards of SHS (Pizacani

et al. 2003; Bolte and Fromme 2009; King et al. 2011). Our

study found that per capita household income was

negatively associated with HSR, which is contrary to

findings from preceding studies. Furthermore, our study

found that knowledge of the harmful effects of SHS was

positively associated with HSR, but found no association

between education and HSR. We speculate that our result

may reflect a social and culture phenomenon unique to

China. Smoking often accompanies social activities (Yang

2010). High-income people tend to engage in more social

activities, and the most common sites for these activities is

the home; thus inhibiting the implementation of HSR there

(Yang 2010). This finding calls for further research. Only a

few Chinese studies have addressed this issue. One re-

ported no association between household income and HSR

(Ji et al. 2009). This study also found regional economic

development level was not associated with HSR.

Similar to previous studies (Gilpin et al. 1999; Shelley

et al. 2006), this study shows that individual awareness of

SHS harm plays a protective role regarding implementation

of HRS. However, only 43.8 % of smokers in our sample

were aware that ETS harms others. This finding indicates

the necessity to call for strengthening efforts to promote

public education about SHS harmfulness. Chinese culture

emphasizes collective values, which puts the family in an

important position in the nature of individual life and be-

havior. A strong sense of obligation and responsibility to

family is a cherished virtue. In this context, smoking may

be perceived as a threat to familial health and financial

solvency. From this perspective, it would be advantageous

to conduct a household smoking intervention in China.

Innovative campaigns are needed that will take into ac-

count cultural norms, including norms regarding the

Individual and regional influences 483
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Table 2 Multilevel analysis of individual behavioral and environmental influences of household smoking restrictions (HSR) on smoking status

in China, 2011

Group Smokers No smokers

N (% of

sample)

HSR

prevalence (%)

Adjusted OR N (% of

sample)

HSR

prevalence (%)

Adjusted OR

Individual behavioral variables

Awareness of SHS harms

among smokers

82.69\ 0.0001

No 3149 (56.2) 13.4 1.00

Yes 2511 (43.8) 35.6 3.25 (1.65, 6.42)**

Smoking types 5.34

0.0208

Smoking with others 3862 (65.1) 50.8

Smoking alone 1798 (34.9) 30.7

No 2933 (55.6) 33.4 1.00

Yes 2727 (44.4) 59.8 2.60 (1.23, 5.53)*

Smoking in smoke-free venues 17.36\ 0.0001

No 2424 (44.6) 15.0 1.00

Yes 3434 (37.1) 59.8 2.60 (1.23, 5.53)**

Smoking restrictions in

workplace

16.25\ 0.0001 21.21\ 0.0001

None or partial 2424 (44.6) 15.0 1.00 8766 (79.0) 7.6 1.00

Complete 3434 (37.1) 37.1 5.68 (2.76, 11.72)** 2440 (21.0) 29.1 3.87 (2.06, 7.25)**

Smoking restrictions in public

places

14.06\ 0.0001 1.01

0.3145

None or partial 2643 (48.9) 14.1 1.00 2337 (21.4) 9.4

Complete 5028 (55.7) 46.9 2.41 (1.36, 4.26)** 7670 (78.6) 12.7

Regional variables

Location 0.41

0.8141

0.14

0.9323

East 1913 (45.9) 47.6 4556 (51.8) 12.2

Central 902 (12.3) 46.7 1664 (9.8) 9.2

West 2845 (4.8) 38.6 4986 (38.6) 12.6

Per Capita GDP (yuan) 2.73

0.2552

11.39

0.0034

\40,000 2745 (42.2) 30.2 4968 (37.6) 17.7

40,000–49,999 1278 (25.7) 54.1 2666 (26.4) 15.4

40,000? 1637 (32.1) 53.3 3572 (36.0) 3.8

Smoking restrictions

in workplace

6.55

0.0377

7.81 0.021

\30 % 1723 (28.4) 25.6 1.00 3295 (25.4) 12.1 1.00

30 % 2964 (56.4) 46.2 3.89 (2.10, 7.20)** 5394 (56.5) 9.9 1.02 (0.46, 2.22)

40 % 973 (15.2) 68.4 5.88 (1.14, 30.39)** 2517 (18.1) 18.8 1.87 (1.06, 3.32)*

Smoking restrictions in public

places

4.13

0.1267

1.98

0.3722

\70 % 2970 (43.5) 51.5 5704 (41.9) 12.3

70 % 1472 (28.2) 19.8 2740 (25.4) 12.8

80 % 1218 (28.3) 55.7 2762 (32.7) 5.8

* p\ 0.05, ** p\ 0.01
# Adjusted for the sociodemographic characteristics
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assertiveness of family members, especially female mem-

bers, and also explore the possibilities for empowering

them to advocate for smoke-free homes (Cheng et al.

2001).

This study found that smoking in smoke-free public

venues was positively associated with HSR. This finding

may be explained using ‘‘behavioral transformation’’ the-

ory (Yang 2010), a special phenomenon in China. By

contrast, a report from Switzerland stated that, when to-

bacco use is still allowed there, a dedicated smoker may

prefer to stay home rather than go to a bar to smoke

(Schulz et al. 2012). However, smoking represents nor-

mative behavior for male adults in China, and most people

do not consider the act of smoking in smoke-free public

places as shameful.

Behavioral susceptibility theory argues that if a given

behavior becomes inconvenient or difficult, it will

gradually decline (Yang 2010). This theory apparently

pertains to smoking in smoke-free public venues in China.

Currently, smoke-free policies in public places are com-

monly implemented there (Li et al. 2010; Yang et al. 2013).

However, in contrast to the western world and other in-

dustrially developed areas implementation of these

regulations has been challenged or ignored by many in

China (Li et al. 2010; Yang et al. 2013). Due to the low

adherence to the existing smoke-free regulations, exposure

to tobacco smoke in public places is still common, in-

cluding in restaurants, schools, hospitals, government

buildings, and train stations (Li et al. 2010; Stillman et al.

2007). Currently, Chinese mainland culture still largely

adheres to agrarian social mores (Yang 2010). This sug-

gests that the social values may frame people’s behavioral

response models differently from those in the western

world (Tian and Ma 2008; Yang 2010; Röösli and Rajku-

mar 2013; Lazuras et al. 2012). Although legal compliance

is often taken for granted in the western world, China op-

erates somewhat differently. The Chinese are often

unaware of or unwilling to follow such regulations. It is

plausible to adapt smoking behavior from households to

other venues, including to smoke-free public places. It is

urgent to create positive attitudes towards on smoking bans

in indoor places, while campaigning to change societal

attitudes and norms about smoking.

Both individual and regional-level results show that

workplace smoking restrictions are positively associated

with HSR. The findings were consistent with those from

some previous reports (Cheng et al. 2001; Akhtar et al.

2009; Rohrbach et al. 2002). One explanation might lie in

changes in the social acceptability and understanding of

smoking and SHS through implementation of workplace

smoking restrictions (Rohrbach et al. 2002). More likely

is that the smoke-free workplaces have more readily

picked up new messages, popular in the contemporary

world, including the various tobacco control approaches

(Moore et al. 2012). Our finding lends weight to the ar-

gument that China should implement strong workplace

smoking bans.

Major strengths of this study are the use of large,

broadly representative samples of smokers and non-

smokers from 21 cities. There were several limitations.

First, data were based on self-reports, and HSR assess-

ments may introduce information bias. However, since

smoking behavior is normative for Chinese adults, social

inhibition of accurate reports is a plausible although

minimal concern. Secondly, since information on self-re-

ported HSRs was not provided by every member in a

household, different adults living in the same household

might provide contradictory or inconsistent responses. We

conducted a survey among 56 households in Hangzhou,

and 94.6 % of responses from different adults living in the

same household were concordant for complete HSRs.

Another study also found that inconsistent responses were

rare, and when those were eliminated from the analysis

they did not change the results (Shelley et al. 2006; Cheng

et al. 2001). Thirdly, HSRs should be associated with some

family variables, such as family construction and behavior.

Our study did not factor them in, but their exclusion raises

important empirical questions for future research. Fourthly,

the study was cross-sectional, which precludes drawing

causal inferences regarding the association between inde-

pendent and dependent variables. The longitudinal follow-

up will provide an opportunity to explore mediating in-

fluences involved in decisions regarding HSR. Finally, our

study found that per capita household income was

negatively associated with HSR, a finding which aligns

with those from many other studies (Pizacani et al. 2003;

Bolte and Fromme 2009; King et al. 2011). Although this

finding may reflect a social and culture phenomenon

unique to China, we cannot eliminate hidden effect

modification or data error.

Conclusion

This study explored individual and regional variation in

urban HSR status in China. The ensuing information will

contribute to the development and implementation of ef-

fective tobacco control policies and household

interventions. Effective control of ETS pollution in

households will require continued support in the form of

public education campaigns and workplace smoking bans

given the importance of awareness of SHS harm among

Chinese urban populations, and the influence of workplace

smoking bans on household smoke-free policies.
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