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Abstract

Who lives in the same households as smokers? Evidence from a full
household survey in Ningbo, China
By
Wei Xiong

Background. Secondhand smoke (SHS) exposure in the home is a major cause of ill-
health, especially among those exposed to SHS due to living with smokers. Evaluations
of nicotine concentrations and individual surveys are the two commonly used methods
to estimate exposure to SHS at home.

Objective. Conduct a survey to describe the characteristics of all household members of
a random sample of households to estimate the prevalence of SHS at home and identify
the specific characteristics of households with smokers.

Methods. A sample of 1120 households from Ningbo, China was selected using a multi-
stage stratified sampling method. Demographic information and smoking status of all
residents in each selected household was obtained and the prevalence of SHS exposure
among those who live in these homes was estimated. Conditional logistic regression
models were used to examine the association between household characteristics
(number of adult males and females, number of children, income level, etc) and SHS
exposure status.

Results. Among the 1120 surveyed households, 566 (50.5%) had one current smoker
and 72 (6.4%) had two or more current smokers; 706 of the 720 identified smokers
(98.1%) were male. Overall, 57.5% of non-smoking women, 64.1% of non-smoking
children under 18, and 63.2% of non-smoking children under 7 were exposed to SHS in
home. Among the 638 households with current smokers, 569 (89.2%) of them also had
non-smoking females, 246 (38.6%) of them had non-smoking children under 18, and 98
(15.4%) of them had non-smoking children under 7. Households with smokers were not
different from households without smokers in terms of income and wealth, the
presence of children in the home or the mean age of the adults in the home. Smoking
households had more male household members than non-smoking households; after
controlling for the number of males, non-smoking households had longer mean years of
education among adult residents.

Conclusion. SHS exposure in the homes of women and children in urban China is a major
public health problem that exists in almost all types of households. It indicates that a
comprehensive tobacco control program targeted on household exposure to SHS is
urgently needed.
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Chapter 1: Introduction

The presented study is a part of the China Tobacco Control Partnership Program
(CTCP) between Emory University and a non-governmental public health consortium
(the "Think Tank’) in Beijing. The CTCP Program is an ongoing project that aims to
implement comprehensive tobacco control programs in 17 cities in China. The goal of
the baseline survey, of which the data used in this thesis is a part, is to document the
smoking practices in 17 cities before implementing site-specific tobacco control policies
and interventions. Specifically, the data used here were retrieved from the baseline
survey conducted in the city of Ningbo (shown in Figure 1), which is a relatively
prosperous city located on the east coast of China. The data collection in Ningbo was
coordinated and conducted by Professor Michael Phillips and his team from the
Shanghai Jiao Tong University in cooperation with the local sponsoring institution (i.e.
the Ningbo Center of Disease Control and Prevention). As a fellow from Emory
University who joined the research team led by Dr. Phillips, | was authorized by Dr.
Phillips to access and use the baseline survey data of Ningbo to conduct a secondary

data analysis and to report the findings.

The baseline survey is a comprehensive assessment of Knowledge, Attitudes, and
Practices related to tobacco use. As shown in Figure 2, the full household survey was
originally used for selecting one adult household member to be the subject of the
detailed individual survey. However, since the full household form (shown in Figure 3)

collected basic demographic information and smoking behavior of all residents in every



household, it provides a unique opportunity to estimate the exposure to secondhand
smoking (SHS) within these households. By looking into the household structure and the
tobacco use of each member, we can achieve a better understanding of the sources of
smoking in homes and how extensively people, especially children, are exposed to SHS

at home.

Therefore, the purpose of this particular data analysis is to assess the prevalence of
SHS at home in Ningbo and to explore the use of brief household surveys to understand

the household factors that are related to and SHS at home.



Chapter 2: Literature Review

2.1. Secondhand smoking (SHS)

During the smoking of cigarettes, pipes, and other tobacco products, a stream of
smoke is released between puffs into the air from the burning cone. Once released, this
stream is mixed with exhaled mainstream smoke as well as the air in an indoor
environment to form the secondhand smoke (SHS) to which both smokers and
nonsmokers are exposed'. Thus, secondhand tobacco smoke is composed of aged
exhaled mainstream smoke and diluted sidestream smoke. SHS is actually a complex
mixture, containing many compounds the concentration of which varies with time and
environmental conditions’. Cigarette smoking is the main source for SHS exposure®.
Compared to mainstream smoke, sidestream smoke from cigarettes is released at lower
temperatures and at lower dilutions, so it tends to have higher concentrations of many
of the toxins®. The median particle size of sidestream SHS is subsequently smaller than
that of the particles of mainstream smoke®. Comparisons between smoking and
nonsmoking locations revealed up to a threefold higher concentrations of respirable
suspended particles in smoking areas; these are the particles that are small enough to
reach the lower airways of the human lung’. In those smoking locations, there are also
considerably increased levels of nicotine, carbon monoxide (CO), benzene, and other

tobacco toxins®.

2.2. Health effects of SHS



The WHO Framework Convention of Tobacco Control (FCTC) stated ‘there is no
safe level of exposure to tobacco smoke’>. Exposure to SHS places adults and children at
increased risk of premature death and a range of other health outcomes, including
diverse serious cardiovascular diseases, respiratory diseases, and cancers”. The harmful
effects of second-hand smoke (SHS) have been recorded since 1928°. Evidence about ill
health resulting from SHS has accumulated from a number of studies from all around
the world. Knowledge about the links between second-hand smoke and specific
diseases has been summarized in comprehensive assessments or reviews by the
International Agency for Research on Cancer®, World Health Organization (WHO)®,
Scientific Committee on Tobacco in the United Kingdom7, US National Research Council®,
US Environmental Protection Agency®, California Environmental Protection Agency®®,

and the US Surgeon General’s office™'.

More than 50 carcinogens have been identified in sidestream smoke and SHS.
Since 1986, there has been conclusive evidence of the harms of these carcinogens based
on evidence from epidemiologic studies and clinical studies. Scientific evidence has
unequivocally established that exposure to tobacco smoke causes death, disease, and
disability’. Exposure to SHS causes a significant increase in urinary levels of metabolites
of the tobacco-specific lung carcinogen and increases risk for lung cancer in
nonsmokers'. The evidence is also sufficient to infer that exposure to SHS has a
prothrombotic effect and causes endothelial cell dysfunctions, which leads to

atherosclerosis and heart diseases’.



Tobacco smoking has primarily been a custom and addiction among men, leaving

women and children as the majority of the world’s passive smokers?.
2.2.1. Adverse health effects of SHS exposure on women

Exposure of adults to SHS has immediate adverse effects on the cardiovascular
system and is associated with higher risk of coronary heart disease and lung cancer.
Evidence is sufficient to infer a causal relationship between exposure to SHS and
increased risks of coronary heart disease morbidity and mortality among both men and
women®. Pooled relative risks from meta-analyses indicate a 25-30% increase in the risk
of coronary heart disease from exposure to SHS™.

It’s also established that the risk of lung cancer for nonsmoking women with
spouses who smoke is higher than that of those whose partners don’t smoke'* 61718,
Moreover, in some of the studies, the relative risk was found higher with increasing
years of exposure'’ and amount of exposure®®, which indicates an exposure-response
relationship. For instance, in the study conducted by Cardenas et al., when the husbands
smoked 1-19, 20-39 and >39 cigarettes per day, the relative risks of developing lung
cancer for women exposed to SHS were 1.1, 1.2 and 1.9 respectively, with a significant
trend test (p=0.03)".

Increased risk of breast cancer was also found associated with husbands’ smoking

16,19,20

status in several studies with relative risks rang from 1.2 to 3.1, but the findings

are contradictory and inconclusive overall.

2.2.2. Adverse health effects of SHS exposure on children



Exposure to SHS has also been found to be a cause of sudden infant death
syndrome (SIDS), slightly reduced birth weight, lower respiratory illnesses such as
pneumonia and bronchitis, chronic respiratory symptoms such as coughing and
wheezing, middle ear disease, reduced lung function, neurobehavioral impairment, as
well as cardiovascular disease in later adulthood®. A series of systematic quantitative
reviews have summarized and established that children raised in homes with smokers
are at much higher risk of health problems related to SHS, predominantly middle ear

disease and respiratory illnesses/symptoms®***%

. Moreover, Childhood cancers
including brain tumors, leukemia, lymphomas and other cancers have also been
investigated among children exposed to SHS. The pooled estimate of the relative risk of
any childhood neoplasm from exposure to maternal smoking is 1.11 and that for
leukemia is 1.14. Additionally, the odds of these negative health outcomes were usually
higher in pre-school than in school aged children and dose-response effects was argued:
for children who live with smokers, the prevalence of asthma increased with the

number of smokers in the home®*. Furthermore, the risk ratio for hematopoietic cancers

increased from 1.7 when one parent smoked to 4.6 when both parents smoked®.
2.3. Developmental effects of SHS

It is noteworthy that, in addition to the harmful health effects of SHS at home,
parental smoking also plays an important role in influencing smoking behaviors among
the younger generation. The WHO FCTC stated that teenagers who live in homes where

smoking is allowed are nearly twice as likely to start smoking than those in homes



where smoking is prohibited26. Studies have found that parent smoking contributes to
the onset of daily smoking in their teenagers even if parents practice good family
management, hold norms against teen tobacco use, and do not involve their children in
their own tobacco use®’. In a longitudinal study that followed 3012 children and their
parents for nine years, it revealed that having one parent who smokes substantially
increase risk that children will become daily smokers, relative to families where neither
parent smokes?®. Moreover, in a study conducted in Taiwan, which has a similar cultural
background as China, parental influence, taking as parental behaviors and attitudes
together, play a more important role than peer influence in smoking among high school
students®. A systematic review looking at evidence from the UK found out that living in
household significantly increased the risk of future regular smoking in children®.
However, a systematic review of 87 studies assessing the association between
adolescent smoking and parent and sibling smoking behaviors pointed out that the
findings across studies show weak and inconsistent associations between parent and

adolescent smoking, which may be attributed to methodological issues or confounding™'.

2.4. Measurement of SHS

A micro-environmental model is usually used to investigate the exposure to SHS,
in which personal exposures to SHS is the weighted sum of the concentrations of SHS in
each micro-environment where time is spent32. A microenvironment is a space, such as
aroom in a residence, with relative uniform concentration of SHS during the time that is

spent in that particular microenvironment. Within this model, several useful indicators



of SHS exposure were used, including surrogate indicators to measure prevalence of
smoking, indirect report of SHS exposure in home and workplace, and biomarkers that
reflect concentration of SHS components®3. Self-reported SHS exposure is a useful
indicator of being exposed, but questionnaire reports of intensity of exposure are

usually of uncertain validity™.

Most population-based estimates of SHS exposure are based on surrogate
indicators from self-reports. Questionnaires have been used to ascertain the prevalence
of SHS, including self-reported exposure and descriptions of the source of SHS. WHO
definition of passive smoking was adopted in many surveys, which defined exposure for

at least 15 minutes per day and more than 1 day per week as SHS exposure®®.

Two global surveys of tobacco use were conducted in China nationally: the
International Tobacco Control (ITC) and the Global Adult Tobacco Survey (GATS). The ITC
policy evaluation project was created in 2002 to measure the effectiveness of national
level tobacco control policies in selected countries that have signed and ratified FCTC®.
It was conducted in six selected cities in China among permanent residents, with 800
smokers and 200 non-smokers in each city. GATS is a component of the Global Tobacco
Surveillance System (GTSS) and was developed in 2007 to obtain nationally
representative periodic data of parties that have adopted FCTC, and monitor tobacco
use and changes due to policy**. It was completed in China in 2010, and conducted in 50
urban districts and 50 rural counties among 28 provinces with a total sample size of

13,354 individuals. SHS questions were asked in both surveys.



For children, the micro-environmental model makes clear the dominance of
exposures in the home, where children spend the majority of their time. Therefore,
exposure to SHS among children is mostly measured by parental smoking. It is generally
estimated using household and school-based surveys. In household surveys, both
parental smoking and the presence of children can be directly measured. In school-
based surveys, children can accurately report whether or not their parents smoke but
are less able to give valid reports of quantity of parental cigarette consumption®. In most
countries, particularly those where people are generally not aware of tobacco smoke’s
harmful effects on children’s health, parental smoking status will reflect children’s
exposure. However, it would always be better to validate these self-reports by
biomarkers of children’s actual exposure to offset socially desirable but inaccurate

guestionnaire responses.

Direct measures of SHS exposure include measurement of concentrations of SHS
components in the air and SHS biomarkers levels in biological specimens. The selection
of a particular SHS component in air for monitoring is largely based on technological
feasibility. The most widely studied components are respirable particles and nicotine.
Biomarkers of exposure are compounds that can be measured in biological materials
such as blood, urine, or saliva®. Cotinine, a metabolite of nicotine, is a highly specific
indicator of exposure to SHS in nonsmokers and it can be readily measured in blood,

urine, and even saliva with either radioimmunoassay or chromatography35.

2.5. Global epidemic of SHS



According to the WHO'’s report on the global tobacco epidemic released in 2011,
tobacco use continued to be the leading global cause of preventable diseases and
premature deaths®. By 2030 or perhaps a little sooner, tobacco is expected to be the
single biggest cause of death worldwide by killing one in six adults, accounting for about
10 million deaths per year®’. The epidemic of chronic disease and premature death is
rapidly shifting to the developing world. By 2020, seven of every 10 people killed by

smoking will be in low- and middle-income nations>’.

Given the widespread use of tobacco, SHS exposure is common throughout the
world but not easy to estimate because few countries routinely collect the relevant
data'®. National estimates based on surveys are available only for a few countries,
including the United States and China. 93% of the world’s population is living in
countries not covered by fully smoke-free public health regulations®. In a study
estimating the global burden of disease from exposure to SHS using data from 192
countries, 40% of children, 33% of male non-smokers, and 35% of female non-smokers
were exposed to SHS in 2004, although the definition and measurement of SHS varies in
different countries and regions®. The overall prevalence of SHS exposure varies in
different regions, from 13% or less in the population of Africa to 50% or more in the

population of Western Pacific or Eastern Europe®®.

The study estimated that exposure to SHS caused 379,000 deaths from ischemic
heart disease, 165,000 from lower respiratory infections, 36,900 from asthma, and

21,400 from lung cancer in the world in 2004*. An estimated 1% of worldwide mortality

10
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was attributed to SHS, among which 47% of deaths occurred in women, 28% in children
and 26% in men*?. Also, an estimated 0.7% of total worldwide burden of diseases (in
terms of disability adjusted life years [DALYs]) in 2004 was due to exposure to SHS,
which amounted to 10.9 million*. The disease burdens were mostly from lower
respiratory infections in children younger than 5 years of age, ischemic heart disease in
adults, and asthma in adults and children®®. In particular, 61% of DALYs lost were in

children®.
2.5.1 Global efforts of SHS exposure prevention

The FCTC is an evidence-based treaty negotiated under the auspices of the WHO
and it was developed in response to the globalization of the tobacco epidemic?. It
provides guidelines and a foundation for countries to implement and manage tobacco
control. There are 176 countries that are parties of the WHO FCTC. To make the FCTC a
reality, WHO introduced the MPOWER measures which correspond to one or more
articles of the FCTC to assist in reducing the demand for tobacco products at a country-

level®

. The MPOWER package include six proven policies: Monitor tobacco use and
prevention policies; Protect people from tobacco smoke; Offer help to quit tobacco use;
Warn about the dangers of tobacco; Enforce bans on tobacco advertising, promotion
and sponsorship; and Raise taxes on tobacco*’. Among these policies, protecting people

from tobacco smoke aims at creating smoke-free environments and controlling SHS

exposure”’.

2.5.2. Context of SHS control in China
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As the world's largest producer and consumer of tobacco, China has
approximately 320 million smokers, which is 30% of the total number of smokers
globally**. The prevalence of tobacco use estimated by the Global Adult Tobacco survey
(GATS) was 52.9% among men and 2.4% among women™. Although it has been argued
that the gender smoking ratio has a strong relation with the level of economic
development in many countries®, the unique smoking pattern in China with substantial
gender gap remains attributed to strong and persistent social norms against female

smoking despite the economic prosperity**.

After China became a party of the WHO FCTC in 2006 and adopted the MPOWER
package of evidence-based tobacco control measures in 2008, a set of rules have been
issued by the Ministry of Health (MOH) of China to ban smoking in public places and
control tobacco advertisements™. Since China’s ratification of the WHO FCTC, it should
have enacted a universal protection against SHS before January 9, 2011 by ensuring that
all indoor workplaces and public places are free of SHS. However, there is a significant
gap between the current state of affairs in China and the requirements of the FCTC.
China’s endorsement of the FCTC principles has made little difference with regard to
China’s actual tobacco control efforts. The absence of political wills, incompatibility of
institutional arrangements, interest conflicts with tobacco industry, and political and
financial restrictions on NGOs are the most important factors that hinder the
internalization of FCTC in China®’. Among these factors, the most prominent barriers to

the effective implementation of the FCTC are the State Tobacco Monopoly



Administration (STMA) and other commercial and vested interests of the tobacco

industry®.
2.6. SHS at home

Numerous studies have established that young children’s exposure to tobacco
smoke comes mainly from smoking within the home, especially by parents. And children
are heavily exposed to SHS because they are not able to avoid the main source of

exposure, which is mainly from their close relatives.

In a cross-sectional exposure study that measured air nicotine concentrations in
households and hair nicotine concentration among nonsmoking women and children in
40 households in 31 countries, median air nicotine concentration was found to be 17
times higher in households with smokers compared with households without smokers®.
In this study, air nicotine and hair nicotine concentration in women and children
increased with the number of smokers in the household, and the dose-response
relationship was steeper among children®. It has also been found that air nicotine
concentrations increased 12.9 times in households allowing smoking inside compared
with those prohibiting smoking inside®. In an exposure study conducted in Syria,
children’s hair nicotine level was strongly correlated with ambient household nicotine
and number of cigarettes smoked daily in the household, and also was related to having
a father who smoked in the children’s presence®. Evidence from Malaysia using salivary
cotinine concentration to measure SHS exposure found that cotinine levels were

positively associated with living with one or more smokers, as well as other household

13



characteristics such as urban residence and education of the father™".

Evidence from the 2006 and 2007 waves of the International Tobacco Control
Four Country Survey (ITC-4) indicated that smokers with high SES had higher odds of
both having and introducing a total ban on smoking inside the home compared to low
SES smokers, as well as decreased odds of removing a total ban?. A nationally
representative survey conducted in Hungry also found higher risks of home SHS

exposure among younger, lower educated, and poorer people’.
2.7. SHS at home in China

According the results of GATS in China, about seven in 10 nonsmoking adults are
exposed to secondhand smoke in a typical week and four of them are exposed to
second-hand smoke on a daily basis*’. Using a global standardized geographically
clustered sample design and based on a nationally representative survey with a sample
size of 13,354, GATS estimated that the prevalence of SHS exposure in China was 74.1%
among non-institutionalized men aged 15 and older, 71.6% among non-institutionalized
women aged 15 and older, 70.5% among urban population, and 74.2% among rural
population®*. In an earlier nationally representative study, the prevalence of SHS
exposure at home was estimated as 12.1% among male nonsmokers and 51.3% among
female nonsmokers, which means 8, 658,000 Chinese men and 108,402,000 Chinese

women were exposed to SHS at home™".

Another study that was conducted in six counties in China estimated that the SHS

exposure rate at home was 48.3%; in 3165 families with smokers, 87.2% of respondents

14
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reported that smokers would smoke in front of them; in 2124 families with smokers and
children, 76.5% of respondents reported that smokers would smoke in front of children;
only 6.3% of families completely forbade smoking at home>>. By surveying six rural areas
in China, the occurrence of SHS exposure at home was found to be 68.0% among
nonsmoking children and 59.3% among nonsmoking adults>®. The study also identified
that children living in households with married, low-education, and low-income heads of
household and those who resided in a west province of China were more likely to be
exposed to SHS. And adults who were female, aged 19-34, single, low-education, low
income, and those who lived in the same west province of China were more like to be

exposed to SHS at home.
2.8. Rationale for this study

However, all of the estimations above were based on individual surveys, in which
children were not directly asked and the source of SHS at home was not directly
identified either. Despite the established harm of SHS and the pervasive occurrence of
SHS at home in China shown above, little has been known at the household level about
the characteristics of households with smokers, which would have important
implications for direct community-based interventions. Therefore, we carried out a full
household survey collecting data of all household members to estimate the prevalence
of SHS at home, project the source of SHS at home, and analyze specific characteristics

associated with the smoking status of households.
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Abstract

Background. Secondhand smoke (SHS) exposure in the home is a major cause of ill-
health, especially among those exposed to SHS due to living with smokers. Evaluations
of nicotine concentrations and individual surveys are the two commonly used methods
to estimate exposure to SHS at home.

Objective. Conduct a survey to describe the characteristics of all household members of
a random sample of households to estimate the prevalence of SHS at home and identify
the specific characteristics of households with smokers.

Methods. A sample of 1120 households from Ningbo, China was selected using a multi-
stage stratified sampling method. Demographic information and smoking status of all
residents in each selected household was obtained and the prevalence of SHS exposure
among those who live in these homes was estimated. Conditional logistic regression
models were used to examine the association between household characteristics
(number of adult males and females, number of children, income level, etc) and SHS
exposure status.

Results. Among the 1120 surveyed households, 566 (50.5%) had one current smoker
and 72 (6.4%) had two or more current smokers; 706 of the 720 identified smokers
(98.1%) were male. Overall, 57.5% of non-smoking women, 64.1% of non-smoking
children under 18, and 63.2% of non-smoking children under 7 were exposed to SHS in
home. Among the 638 households with current smokers, 569 (89.2%) of them also had
non-smoking females, 246 (38.6%) of them had non-smoking children under 18, and 98
(15.4%) of them had non-smoking children under 7. Households with smokers were not
different from households without smokers in terms of income and wealth, the
presence of children in the home or the mean age of the adults in the home. Smoking
households had more male household members than non-smoking households; after
controlling for the number of males, non-smoking households had longer mean years of
education among adult residents.

Conclusion. SHS exposure in the homes of women and children in urban China is a major
public health problem that exists in almost all types of households. It indicates that a
comprehensive tobacco control program targeted on household exposure to SHS is
urgently needed.
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Introduction

Extensive research has established the harmful effects of secondhand smoke
(SHS)™. It places adults and children at increased risk of premature death and other
adverse health outcomes, including cardiovascular and respiratory diseases. The WHO
Framework Convention on Tobacco Control (FCTC) states that there is ‘no safe level of
exposure to tobacco smoke’. In addition, evidence from 31 countries has shown that
median air nicotine concentration was 17 times higher in households with smokers
compared to households without smokers and that air nicotine and hair nicotine
concentrations in women and children increased with the number of smokers in the
household>.

Children and women are known to be particularly susceptible to the negative
consequences of SHS. Several systematic reviews have shown that children raised in
homes with smokers are at higher risk of various health problems and that the effects
are most pronounced among pre-school aged children®. There is, moreover, a clear
dose-response effect in which the health risk increased with the number of smokers in
the home>®. Among women, there is a higher cardiovascular mortality in those who live
in households where they are exposed to SHS’.

Most estimates of SHS exposure in the home are based on the results of surveys
of the smoking status of a random selection of adults in the community. The SHS
exposure of non-smoking respondents can be estimated using this data if respondents

are asked about SHS, but the surveys that ask non-smoking respondents about SHS
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exposure do not usually identify the location of the SHS exposure. These surveys do not
ask smoking respondents about SHS exposure in family members so it is not possible to
identify the source of SHS in persons exposed to SHS. Moreover, these community-
based surveys do not include children so they cannot provide information about rates of
SHS exposure in this important cohort. To overcome these problems, we identified the
smoking status of all household members in a randomly selected sample of households
in an urban area of China and used this data to estimate the proportion of households

with smokers that have non-smoking household members.

Methods

Sampling design and procedures

The survey was performed in Ningbo, a relatively prosperous municipality in
Zhejiang Province that is located on the east coast of China. At the time of the survey in
2010, there were 2,855,000 households in the city with an average of 2.47 members in
each household®. About one-third of the population was non-permanent residents of
the city, most of whom had come to the city from rural communities for work. The
sampling procedure is shown in Figure 1. A sample of 1406 households was selected
using a multi-stage stratified sampling design with inclusion probabilities proportional to

size in each stratum. The household response rate was 76.7%.

Each selected household was visited by a trained interviewer. All 124 interviewers
were experienced staff members from the Center of Disease Control in Ningbo and

trained by trainers from the Shanghai Mental Health Center following a standardized
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protocol. In each selected household, an adult resident (older than 18 years of age) was
asked by the interviewer to provide demographic and smoking information about all co-
resident family members. Typically, survey responses took less than 5 minutes to

complete this brief survey. Altogether, a total of 1120 households completed the family
form. The study was approved by the Institutional Review Board of the Shanghai Mental

Health Center.

Measures

The family smoking questionnaire was used to collect demographic information
and smoking status of all residents (including children) who lived in the household for
over 60 days in the past three months. The information for each household member
obtained included age, sex, years of schooling, residence status in Ningbo, smoking
status and how many days he/she smoked in the past month. Four measures were used
to estimate each family’s social economic status (SES): 1) self-reported family economic
status (choosing from high, medium or low), 2) total monthly family income; 3) per
capita monthly income in the family; and 4) number of family assets (i.e., fridge,
washing machine, air conditioner, computer, and family car). The first three income
measures were highly correlated; we decided to use the reported total monthly family
income as the income index. The number of family assets was used as a measure of

family wealth.

Statistical analysis

SPSS 17.0 (SPSS inc. Chicago, USA) was used to clean and analyze the data. In order



to compare households rather than individuals, the household was treated as the basic
unit of analysis. In each household the number of residents, number of adult males,
number of adult females, number of children under 7 years of age, number of children
under 18 years of age, number of migrant residents, and number of smokers were
computed and treated as continuous variables. Mean age and mean years of schooling
of all adults were also calculated as essential demographic characteristics of each
household. The monthly family income was skewed to the right so it was converted to a
three-level tertile variable — “high” (>4700 CNY), “medium” (2000-4700 CNY) and “low”

(<2000 CNY) economic status’ — with a similar number of households in each category.

In order to compare the above variables between households with and without
smokers, t-tests, chi-squared tests, and Mann-Whitney U tests were used depending on
the type and distribution of each variable (Table 3). In order to identify the association
between household characteristics and smoking status, logistic regression models were
used to adjust for the number of adult males in each household. In each model, the
smoking status of the household was used as the dependent variable; number of adult
males in each household was used as an independent variable together with each
household characteristic in interest. In all analyses, statistical significance was defined as

p-value <0.05.

This analysis of these data was approved by the Institutional Review Board of

Emory University.

* Income was reported in Chinese Yuan (CNY). 1 $int.=3.96 CNY in April, 2010.
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Results

The average number of residents in the surveyed households was 2.74. Smoking
rates among male residents was 53.6% while that among female residents was 1.1%.
Among the 720 identified smokers 706 (98.1%) were male. Among smokers, the median
(inter-quartile range) of smoking days was 30 (30-30) days a month, which indicated

that over three quarters of the smokers in these households were daily smokers.

As shown in Table 2, among the 1120 surveyed households, 566 (50.5%) had one
current smoker and 72 (6.4%) had two or more current smokers. Among the current
smokers, 86.3% were daily smokers. Among households with children under 18 years of
age, 63.9% had at least one household member that smoked, and 56.6% had someone
that smoked on a daily basis. Among households with children under 7 years of age,

63.2% had current smokers, and 60.6% had current daily smokers.

Table 3 shows the demographic characteristics of the 638 households with smokers.

In these households, 88.7% had one smoker, 10.5% had two smokers and 0.8% had
three or more smokers. The majority of these households (84.8%) had someone that
smoked every day in the past month. Among the 638 households with current smokers,
91.7% also had non-smokers living in the household: 89.2% had non-smoking adult
women, 38.6% had non-smoking children under 18 years of age, and 15.4% had non-
smoking children under 7 years of age. There was also a large gender gap: only 2.0% of
the households had female smokers and only 0.8% had both male and female smokers.

Teen smoking was not identified as a problem in this region; there was only one
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household that reported having a smoker who was under 18 years of age.

As shown in Table 4, by comparing households that did and did not have smokers
crudely, there were several significant differences. However, considering that the
majority of smokers were males, the number of male residents in each household was
controlled as a confounder. After adjusting for the number of adult male household
members, all the other significant differences became insignificant. Only the mean years
of schooling of adult household members became significant after controlling for the
number of adult males, in which the households without smokers had longer average

years of education compared to households with smokers.

In conclusion, households with more adult male members are more likely to have
someone who smokes (OR=2.34); when the number of adult males in each household is
being adjusted, longer average years of education tend to be associated with non-

smoking status of the households.

Discussion

China is the world’s largest tobacco producer and the world’s largest tobacco
consumer®, so it is important to develop multiple methods for estimating the prevalence
of SHS exposure, particularly in women (who only rarely smoke in China) and children
(who almost never smoke in China). There are some difficulties in estimating SHS
exposure using the results of individual-based surveys of smoking; for example, these
surveys do not include children, so estimates of SHS exposure in children are usually

based on extrapolation from results in adults. We have adopted a different approach to
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this problem in the current study — obtaining smoking history of all household members
of a representative sample of households — to assess household exposure to SHS. The
robust sampling procedure used in the study ensured good representativeness of the
target population, a large urban metropolis in eastern China. We have not found any

previous studies that use this method.

The average number of residents in each household in our sample is very close to
that in the population. The estimated prevalence of SHS exposure we found in women
was similar to that reported in a large individual-based survey in China which report an
overall prevalence of SHS exposure at home of 51.3% among female non-smokers™.
Although the general prevalence of smoking (27.3%) was similar to that reported in
more conventional individual-based surveys, the male-to-female ratio of smoking in the
current study (64:1) was substantially higher than the estimated national ratio (22:1)*.
It indicates that SHS is even more disproportionally affecting women in the investigated

area.

The study highlights a major public health issue for China. We found that two-
thirds of all pre-school aged children in Ningbo were living with current smokers and
over half of the children under 18 years of age were living with daily smokers. Almost all
smokers lived with non-smokers (most of whom were women and children) and about
one-tenth of smoking households had more than one smoker. Previous reports have
found that the majority of the people who lived with smokers report that smokers

usually smoke in front of other family members including children®?. It’s also estimated
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that only 6.3% of the families in China forbade smoking at home*2. Therefore, a large
number of children and women are at risk of inhaling SHS at home. A previous study
conducted in rural China found that children living in low SES households and female
adults with low SES were more likely to be exposed to SHS™. However, in our study,
smoking status of a household was only found to be moderately associated with average
years of education controlling for the number of male residents. Therefore, we can
conclude that the problem of SHS at home in the investigated area was pervasive
among families with diverse demographic structure and economic statuses, but those
with longer average years of education were less likely to have smokers when the

number of adult males is being adjusted for.

There are several potential limitations of the study that should be considered
when assessing the results. This is a cross-sectional study so we can only provide a single
snapshot of smoking behavior in Ningbo; we cannot predict the trends in these values.
Also, we cannot make any conclusions about the causality of the relationships identified
between household characteristics and the smoking behavior of members of the
households. The sample is representative of households in Ningbo but the
representativeness of Ningbo to other urban centers in China is unknown. Moreover,
about 23.3% of the selected households didn’t respond to the survey and the non-
responded households could be different from the responded households in number of
residents, number of children, social economic status or other variables. In addition, all

the information was self-reported and information about the smoking behavior of all
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members of the household was usually obtained from a single adult representative of
the family, so there is certainly the possibility of biased responses (which typically result
in underestimation of the prevalence of smoking behavior). This may be a particular
problem in estimating rates of adolescent smoking™®. The family questionnaire did not
obtain information about smoking inside the home, so we cannot be certain that
identified smokers actually smoked inside the home; but in China, very few households
ban smoking in the home'?, so we expect that this would have only a minor effect on

our estimated rates of household exposure to SHS.

Smoking is being restricted in more and more public sites in China, but no
community-wide effort has focused on control of SHS at home. Given the magnitude of
this problem, particularly for women and children, it is essential to initiate more
programs specifically focused on household exposure to SHS. To assess the effectiveness
of targeted campaigns about reducing SHS (and to assess the secondary effect on SHS of
other tobacco-related interventions) there needs to be regular monitoring of SHS
exposure in homes. The method used in this study — based on a five-minute interview
with an adult member of a random selection of households —is an easy way to estimate
the prevalence of SHS exposure in the home and, thus, to assess the effectiveness of
different interventions. The current method could be improved by asking how often the
identified smokers in each household actually smoked inside the home. The validity of
this approach could be assessed by comparing the results of the survey with more

objective measures of household exposure to nicotine (e.g., periodic sampling of
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household air) and with nicotine levels in the blood and hair of non-smoking household

members.



Figure 1. Flowchart of the data collection

2 inner city districts, 5 suburbs and 4 rural districts in the
municipality of Ningbo

7 urban streets and 10 rural townships were selected proportional
to the population (one to three streets/townships for each district)

1406 households were randomly selected from 17 neighborhoods

286 excluded:

-150 no such address or no residents
-100 residents never home

-28 refuse

-6 duplicated address

-1 unable to complete family form
-1 family form lost

1120 households with family form completed
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Table 1: Characteristics of the 1120 households surveyed

Mean (sd) number of residents (range: 1-9)

Mean (sd) number of adult (18+) residents (range: 1-8)
Mean (sd) age of adult residents (range: 18-96)

Mean (sd) years of schooling of adult residents (range: 0-19)
% (95% Cl) of single-person households

% (95% Cl) households with children under 18

% (95% Cl) households with children under 7

% (95% Cl) households with non-permanent residents

2.7 (1.2)
2.4 (1.0)
47.5 (14.6)

7.4 (3.7)
12.3% (10.3-14.3%)
34.4% (31.7-37.1%)
13.8% (11.8-15.8%)
23.8% (21.3-26.3%)
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Table 2: Smoking status of the 1120 surveyed households

31

ALL HOUSEHOLDS (n=1120)

%

(95% Cl)

% households with current smokers 57.0% 54.1%--59.9%
% households with current daily smokers 49.9% 47.0%--52.8%
% households with 2+ current smokers 6.4% 5.0%--7.8%
% households with 2+ current daily smokers 4.8% 3.6%--6.0%
HOUSEHOLDS WITH CHILDREN <18 (N=385) % (95% Cl)
% households with current smokers 63.9% 59.0%--68.8%
% households with current daily smokers 56.6% 51.7%--61.5%
HOUSEHOLDS WITH CHILDREN <7 (N=155) % (95% Cl)
% households with current smokers 63.2% 55.6%--70.8%
% households with current daily smokers 60.6% 53.0%--68.2%
SINGLE-PERSON HOUSEHOLDS (N=138) % (95% Cl)
% households with current smokers 32.6% 24.8%--40.4%
% households with current daily smokers 30.4% 22.8%--38.0%
HOUSEHOLDS WITH NON-PERMANENT RESIDENTS (N=267)
% households with current smokers 57.7% 51.8%--63.6%
% households with current daily smokers 49.4% 43.5%--55.3%




Table 3: Characteristics of the 638 households with smokers

Characteristic n (%)
Have smokers that smoked every day in the past month 541 (84.8%)
Have female smokers 13 (2.0%)
Have children (under 18 years of age) smokers 1(0.2%)
Have 1 smoker 566 (88.7%)
Have 2 smokers 67 (10.5%)
Have 3+ smokers 5(0.8%)

Have non-smokers
Have non-smoking females
Have non-smoking children under 18 years of age

Have non-smoking children under 7 years of age

585 (91.7%)
569 (89.2%)
246 (38.6%)
98 (15.4%)
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Table 4: Comparison of households that have smokers and those that have no smokers

33

Households  Households
All . .
with no with .. .
Characteristics of households households smokers smoker(s)  Staustic p-value  adjusted
(n=1120) (n=482) (n=638) p-value®

Mean (sd) number of residents 2.75(1.24) 2.43(1.11) 2.98 (1.27) z=-7.15  <0.001 0.979
Mean (sd) number of adults 2.35(0.97) 2.11(0.85)  2.54(1.01) 2z=-7.50 <0.001 0.103
Mean (sd) number of adult males 1.18 (0.64) 0.96 (0.59) 1.34(0.62) z=-10.53 <0.001 --
Mean (sd) number of adult females 1.18 (0.59) 1.15 (0.50) 1.20 (0.65) z=-1.21 0.225 0.103
Mean (sd) age of adults in household 47.59 (14.41) 49.25(16.43) 46.16(12.94) t=3.41 0.001 0.200
Number (%) with child <18 years of age 370 (34.4%) 139 (28.8%) 246 (38.6%) x?=11.50  0.001 0.113
Number (%) with child <7 years of age 148 (13.7%) 57 (11.8%) 98 (15.4%) x3=2.88 0.090 0.905
Number (%) with non-Ningbo residents 250 (23.2%) 113 (23.4%) 154 (24.1%) x>=0.07 0.787 0.559
Mean (sd) years of schooling among _
adults in household 7.38(3.69) 7.48 (4.14) 7.31(3.36) t=0.77 0.441 0.030
Mean (sd) number of major possessions _
in household®® 2.64 (1.58) 2.61 (1.59) 2.65 (1.59) t=-0.46 0.647 0.102
Number (%) who reported monthly
family income in the following rangesb’c

High (>¥ 4700) 349 (32.3%) 137 (29.1%) 212 (34.8%) x>=13.36  0.001 0.208

Medium (¥ 2000-4700) 352(32.6%)  140(29.7%) 212 (34.8%) 0.412

Low (<Y 2000) 380 (35.2%) 194 (41.2%) 186 (30.5%) 0.327

®goods considered include fridge, washing machine, air conditioner, computer, and family car

®Variables have missing values: for the number of major possessions, N= 1089 (474 households with no smoker, 615 households with smoker); for
monthly family income, N=1081 (471 households with no smoker, 610 households with smoker)

Income was reported in CNY (1 $int.=3.96 CNY in April, 2010)

dAdjusted for number of adult males in the household (as a continuous variable) in a logistic regression model comparing the two types of households
that uses the characteristic of interest and the number of adult males as the independent variables.



34
References

! World Health Organization. WHO Framework Convention on Tobacco Control. Geneva: World
Health Organization, 2003.

>World Health Organization. 10 facts on second-hand smoke. Geneva: World Health
Organization, 2009.

* Wipfli H, Avila-Tang E, Navas-Acien A, et al. Secondhand smoke exposure among women and
children: evidence from 31 countries. Am J Public Health 2008;98(4):672-679.

* Cook DG, Strachan DP. Health effects of passive smoking. 10. Summary of parental smoking on
the respiratory health of children and implications for research. Thorax 1999;54:357-366.

> Lewis SA, Antoniak M, Venn AJ, et al. Secondhand smoke, dietary fruit intake, road traffic
exposures, and the prevalence of asthma: a cross-sectional study in young children. Am J
Epidemiol 2005;161(5):406-411.

® sandler DP, Everson RB, Wilcox AJ, et al. Cancer risk in adulthood from early life exposure to
parents' smoking. Am J Public Health 1985;75(5):487-492.

" Hill, SE, Blakely T, Kawachi |, et al. Mortality among lifelong nonsmokers exposed to
secondhand smoke at home: cohort data and sensitivity analyses. Am J Epidemiol
2007;165(5):530-540.

® Ningbo Municipal Statistics Bereau. Main findings from the 2010 sixth national population
census data (in Chinese). Retrieved from
http://www.nbxiaoshi.net:8080/dili/Article/ShowArticle.asp?ArticlelD=355. Accessed on
January 6, 2013.

° World Health Organization. Towards a tobacco-free China. Geneva: World Health Organization,
2007.

' Gu D, Wu X, Reynolds K, et al. Cigarette smoking and exposure to environmental tobacco
smoke in China: the international collaborative study of cardiovascular disease in Asia. Am J
Public Health 2004;94(11):1972-1976.

1 u.s. Centers for Disease Control and Prevention. Global Adult Tobacco Survey (GATS): Fact
Sheet of China, 2010. Atlanta: United States Centers for Disease Control and Prevention, 2010

12 Wang CP, Ma SJ, Xu XF, et al. The prevalence of household second-hand smoke exposure and
its correlated factors in six counties of China. Tob Control 2009;18(2):121-126.

Yao T, Sung HY, Mao Z et al. Secondhand smoke exposure at home in rural China. Cancer
Causes Control 2012;23(Suppl 1):109-115.

“Mak YW, Loke AY, Lam TH, et al. Validity of self-reports and reliability of spousal proxy reports
on the smoking behavior of Chinese parents with young children. Addict Behav 2005;30(4):841-
845.



Chapter 4: Conclusion and Recommendations

The findings of our study imply that SHS at home is a major public health threat in
Ningbo, China. The fact that over two-thirds of all pre-school aged children in Ningbo
live with daily smokers and over half of the children under 18 years of age live with daily
smokers reveals an urgent need to control SHS exposure at home for the health of the
next generation, and as one method of preventing their initiation of smoking. The fact
that nine out of 10 households with smokers have non-smoking women living in the
same home highlights the need to protect the health of these women. Our findings
indicate that this problem is pervasive across all types of households regardless of their
socioeconomic status. After controlling the number of males in each household, the
mean years of schooling of adult members became significantly related to the smoking
status of the household. It means that when the numbers of adult males are equivalent,
households with longer average years of education are less likely to have smokers live
there. However, the implication of this finding is limited due to the lack of information
about the quality and the degree of the education. Nevertheless, the number of adult
males remains the dominant determinant of the smoking status of a household and this
study clarifies the magnitude of the challenge and the need for comprehensive
population-based actions to control SHS in the home.

A smoke-free home is one in which no occupant or visitor smokes indoors or in the
family car (if the family owns a car). Smoke-free homes have been shown to reduce

exposure to SHS for both non-smoking adults and children. Population-based evidence
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from the state of Oregon, United States has shown that most of the households with a
full ban in place reported that no individual smoked in the home over the previous
month®’. The proportion was 99% among households without smokers and 91% among
households with at least one smoker>’. A total ban of smoking in the home was also
found to be associated with significantly lower urinary cotinine to creatinine ratio levels
among children with asthma>®. Moreover, a literature review about the effect of smoke-
free homes on adult smoking behavior summarized the consistent evidence that
smokers who had or who newly implemented a smoke-free home were significantly
more likely to make a quit attempt and to be abstinent; those who continued to smoke
reported reduced the daily number of cigarettes smoked at follow-up>°.

To effectively increase the adoption of home smoking bans and reduce the
prevalence of SHS at home in Ningbo, there are a few steps the local and national
governments can take.

4.1. Strengthen smoke-free regulations in public places

According to the MPOWER brochure for the FTCT, all people have a fundamental
right to breathe clean air. Completely smoke-free indoor environments—with no
exceptions—are the only proven way to protect people. However, there hasn’t been any
national legislation against smoking in indoor public settingsGO. In the city of Ningbo, a
local law was enacted in 1996 banning smoking in public venues such as hospitals,
museums, schools, etc®’; smoking bans legislation with larger coverage including
shopping malls, internet cafes, bars, and clubs was carried out in 2007%%. However, the

penalty for violation was poorly specified, the definition of “executor” was unclear, and



the entire legislation was poorly enforced. Smoking behaviors remain prevalent in
almost all indoor public areas, especially in workplaces®.

The enactment of strong laws making public places or workplaces smoke-free is
highly associated with a broader adoption of voluntary smoke-free home policies. In a
study conducted in the United States using population survey data, living in a county
fully covered by a 100% clean indoor air law in public places is associated with a 7.8 fold
increased likelihood of having a voluntary 100% smoke-free home rule among those
who live with smokers and a 4.1 fold increased likelihood among those who don’t live
with smokers®®. Another study that measured the prevalence of home smoking bans
among smokers in four European countries also found that the proportion of smokers
with total home smoking bans increased significantly after implementation of national
smoke-free legislation®.

In fact, the public support in China for comprehensive smoke-free policies is quite
high. As shown in the ITC China survey in six other cities®, the majority of residents
support total smoking bans in most public settings, especially in schools, public
transportation vehicles, hospitals, and conference rooms. However, support for a total
ban in workplaces, restaurants and bars was relatively lower, so this may be a major
barrier for policy implementation.

4.2. Support community-based interventions in achieving smoke-free homes

Some community-based approaches have been studied and have been found to be

effective in building smoke-free homes. In a community-based intervention study

conducted in the metro Atlanta area in the United States, a four-component
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intervention significantly increased home smoking restrictions®’. The first component
was a “tool-kit” for creating a smoke-free home including a “five-step guide to a smoke-
free home”, which describes the steps, tips, and strategies to plan for, make, and keep a
smoke-free home. The second component was a coaching call, which incorporated the
five steps in the guideline. It asked about the progress of making the home smoke-free,
benefits of a smoke-free home, and challenges and barriers to setting a smoke-free
home rule, as well as providing messages based on the stage of change each household
was in. The third component included additional educational information on SHS and its
dangers, tips on having a conversation with the smoker in the home, ways to make
smoking outside easier, and ways to celebrate being smoke-free. The fourth component
included a newsletter with testimonials and success stories portraying families and their
reasons for having a smoke-free home. Formal assessment of this brief intervention has
shown that it is effective in promoting smoke-free home policies among low-income
households.

Another study of the smoke-free home initiative launched in Rotherham, England
using similar materials was also found to be successful in creating smoke-free homes®.
A more recent study further validated the effectiveness of delivering written materials
in increasing totally smoke-free homes, but it failed to prove the usefulness of adding a
brief counseling session on SHS exposure protection®.

Despite the positive results, the samples in all three studies were small and not
representative of the community at large. No control group families were used in the

first two studies. Thus, this booklet-based intervention appears to be generalizable, but
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the methods should be revised before being used in China. Surveys or focus groups
should be conducted before implementing the intervention to help adapt the method of
communicating these health messages to the very different cultural setting that exists in

China.
4.3. Improve smoking cessation services

Although more difficult, a more direct and effective way to control SHS exposure at
home other than smoke-free homes is to encourage more people to quit smoking.
Quitting smoking combined with complete home smoking bans will afford children the

best protection from SHS exposure’®.

Effective treatment can significantly increase rates of long-term abstinence’".
Numerous effective medications are available for tobacco dependence and the
combination of medication, practical counseling and social support, produce the best
outcomes. A review of smoking cessation studies show that pharmacotherapy alone or
in combination with counseling is effective in China. Some studies suggest that the use
of traditional Chinese medicines yield an even higher abstinence rate than the
combination of western medications and counseling, but these findings are

inconclusive’.

However, the use of formal treatment alternatives for smoking cessation is very low
in China. The ITC China survey found that approximately 26% of smokers had attempted
to quit but only 6% were abstinent at 18-month follow up; only 5.8% of those

attempting to quit reported using Nitotine Replacement Treatment (NRT)”2. Population-
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wide data on the usage of other cessation treatments were limited. Furthermore,
although the Chinese Clinical Smoking Cessation Guidelines have been released and
more and more smoking cessation clinics are being established, several major socio-
contextual obstacles to smoking cessation remain: family and social influences, the myth
that quitting smoking is dangerous to health, and misinformation from health
professionals’. The challenge that local and national governments face is how to
increase community demand for cessation services through social marketing and public

education and how to improve access to high-quality cessation services.
4.4. Monitor and evaluate new policies

The implementation of SHS control policies, if there will be any, should be
monitored and evaluated at the local and the national levels. The enforcement and
effectiveness of these policies need to be carefully documented over time. The method
used in this study is an easy to use way to monitor the changes in the prevalence of SHS

exposure at home and, thus, also assess the effectiveness of different interventions.

SHS has lead to substantial but avoidable mortality and loss of active life-years
among non-smokers, especially children. The challenges of SHS in China are
considerable, but not insurmountable. The health and wellbeing of China’s residents,
especially women and children, can be greatly improved by acting to reduce these

completely avoidable risks related to SHS.



Appendix

Figure 1: Geographical location of Ningbo, Zhejiang, China.
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Fig

ure 2: Sampling procedure of the survey.
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2 inner city districts, 5 suburbs and 4 rural districts in total

L4 4
7 urban streets and 10 rural townships were selected proportional to the population
b} 4
1406 households were randomly selected from 17 neighborhoods

286 excluded:
-150 no such address or no residents
-100 residents never home
-28 refuse

-6 duplicated address
-1 unable to complete family form
-1 family form lost

1120 households with full household form completed

<

1077 individuals with KAP survey completed

Figure 3: The full household form used in the study.

Age  Sex Years of Local Days of smoking in

(1=M,2:F)  Schooling  Residency the past 30 days
(1=Y, 2=N)

Selected
(1=Y, 2=N)

W (I N O U | W N |-
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