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Abstract

Abstract

Background: Young adults have the highest prevalence of current smoking and will
have the greatest health benefits if they quit. Relatively few studies have focused
specifically on this group. There is a need for high-quality data on the relationship
between smoking and some factors that are either common in young adults (e.g.
life-stage transitions) or known to be associated with lower cessation levels (e.g.

post-cessation weight gain).

Aims: To 1) examine the impact of life-stage transitions and socioeconomic position
(SEP) variation across the life course on (changing) smoking status; 2) quantify
weight gain after smoking cessation and the difference in weight gain between
quitters and continuing smokers; 3) explore the underlying mechanisms linking
smoking cessation and weight gain; and 4) investigate the longitudinal relationship
between change in smoking status and change in health-related quality of life

(HRQoL) in young adults.

Methods: 1) For aim 1, 3 and 4, data were from the Childhood Determinants of Adult
Health (CDAH) study, a 25-year follow-up of 8,498 children aged 8-15 years who
participated in 1985 Australian Schools Health and Fitness Survey (ASHFS).
Measurements included anthropometry, socio-demographic factors, smoking status,

dietary behaviours, physical activity (PA), sedentary behaviours, and HRQoL.

2) A systematic review and meta-analysis was utilised to test the second aim. Five
electronic databases were searched prior to January 2015. Population-based
prospective cohort studies were included if they recorded the weight change of
adult smokers from baseline (before quitting smoking) to follow-up (at least three

months after cessation).

Results: The main findings were that the transition into relationship with a partner
and entering parenthood were associated with beneficial changes in smoking
behaviours, but these influenced young men and women differently. Exposure of
low SEP for greater periods of time across the life course was associated with an

increased risk of smoking in mid-adulthood. Parental smoking and a self-rated low
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importance of not smoking at childhood appeared to be influential in mediating this

relationship.

In the meta-analysis using data from 35 cohort studies including 63,403 quitters and
388,432 continuing smokers, we found that people who quit smoking gained an
average of 4.1 kg weight over about five years, which was 2.6 kg greater than the
gain in continuing smokers. In supporting analyses from the CDAH study, this post-
cessation weight gain was not attenuated after adjustment for worsening dietary
and PA behaviours. Relative to continuing smoking, quitting smoking was
significantly associated with an improvement in physical HRQoL. No significant
association was observed between changes in smoking status and change in mental

HRQolL.

Conclusions: Partnering and parenting transitions and SEP trajectories across the life
course predicted smoking status or changes in smoking status. Compared with
continuing smoking, quitting smoking led to greater weight gain, which was not
explained by changing dietary and PA behaviours, and a significant improvement in
physical HRQoL. These analyses have provided novel information on predictors of
smoking cessation and the associated health effects in young adults — a high priority
group. The findings may help to promote smoking cessation and the maintenance of

abstinence at the population and individual level.
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1.1  Preface

This thesis presents research using two methods 1) a systematic review and meta-analysis
and 2) original analyses using data from the Childhood Determinants of Adult Health (CDAH)
study, a cohort study with 25 years follow-up of 8,498 children who participated in the 1985
Australian Schools Health and Fitness Survey (ASHFS) when aged 7 to 15 years. The CDAH
study includes two waves of follow-up: one conducted during 2004-06 when participants

were aged 26-36 years old and the other performed five years later in 2009-11.

Using data from repeated measures of lifestyle, physical characteristics and mental health
collected since childhood, the study’s long-term aim is to determine the contribution of
childhood factors to the risk of developing cardiovascular disease (CVD), diabetes and
mental health. In this thesis, the data from the CDAH study is used to explore the predictors
and health effects of smoking transitions in young adults. Investigations of these
relationships in young adulthood are important because this is a time when smoking
prevalence peaks and progression from occasional to regular smoking often occurs. This is
also a period when life-stage transitions often take place, such as establishing life-
partnerships and having children, which may influence health behaviours like smoking.
Almost all smoking-related health risks are avoidable if a person quits smoking in young
adulthood, making it a priority to understand the drivers of smoking trajectories during this

time.

This introductory chapter describes the epidemiology of smoking prevalence worldwide and
in Australia, including its health effects; factors associated with trajectories of smoking,

including drivers of cessation; and the specific objectives of this thesis.

1.2 Smoking prevalence

1.2.1 Worldwide

In 2013, the global prevalence of current smoking was 21% among persons aged 15 years
and above, equivalent to 950 million male current smokers and 177 million female current
smokers 1. Substantial variation was observed by age, sex and country 2. Smoking prevalence

was higher in men than women (36% versus 7%), and was higher in high-income countries
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(25%) than middle-income (21%) and low-income countries (16%) *. In men, the highest
prevalence was seen at ages 30-34 years in developed countries and ages 45-49 years in
developing countries. Among women, the highest prevalence is seen between the ages of
20 and 49 years in developed countries, while the highest prevalence occurs at older ages in
developing countries, reaching the highest level between the ages of 50-54 2,
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Figure 1-1 Age-standardised prevalence estimates for tobacco smoking among persons aged 15
years and over, globally, by sex, 2007 and 2013. Figure produced from data reported by World
Health Organization !

As shown in Figure 1-1, there was a slight decline in smoking prevalence in recent years
from 23% in 2007 to 21% in 2013; however, the total number of current smokers was stable
between 2007 and 2013 due to an increase in the global population. Using a Bayesian
hierarchical meta-regression modelling approach and national data about the prevalence of
tobacco use from the World Health Organization (WHQO) Comprehensive Information
Systems for Tobacco Control, Ver Bilano and colleagues 3 reported that during 2000-10, the
smoking prevalence among men fell in 125 out of 173 (72%) countries and among women
fell in 155 out of 178 (87%) countries. In 2013, the World Health Assembly set a global
target of a relative reduction in tobacco use by 30% among people aged 15 years or older
from 2010 to 2025. If the current trends continue, only 37 countries (21%) will meet the

target for men and less than half countries (88 countries [49%]) will meet the target for
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women 3. It is estimated that there will be 1.1 billion current tobacco smokers in 2025,

which is similar to the number in 2013 3.

1.2.2 Australia

In Australia, tobacco smoking was common in the middle of the 20t century, with more
than three in four men and one in four women being regular smokers in 1945 4. Over the
following decades, smoking rates fell dramatically as more people recognised the health
concerns raised by research scientists >? and medical authorities 318, According to the
latest report of the Australia-wide National Drug Strategy Household Survey (NDSHS), the
prevalence of daily smoking was 12.8% among people aged 14 years or older in 2013 1°.
Women were less likely than men to have ever smoked. Overall, the highest daily smoking
prevalence occurred at ages 25-29 years (16.1%) and 40-49 years (16.2%) respectively, but
the distribution varied by sex. Among men, the highest daily smoking rate was seen in the
age group of 40-49 years (17.9%), while for women, those aged 25-29 years were most likely
to smoke daily (15.0%).

There are wide disparities in smoking within certain groups, such as those living in
socioeconomic disadvantage. As shown in Figure 1-2, in 2013 the smoking prevalence
among people living in area with high socioeconomic position (SEP) defined by
socioeconomic indexes for areas (SEIFA) was 6.7% but among people living in areas with
lower SEP was much higher at 19.9%. There was a decline in smoking prevalence in both
groups from 1998 to 2013. However, the gap between low and high SEP groups widened
from 8.6% in 1998 to 13.2% in 2013, and most importantly, it continuously grew from 2010
to 2013. There was, however, a 4.7% drop in smoking prevalence in the low SEP group
between 2010 and 2013, the largest decline ever achieved, but there was also a 5.8% drop

among the high SEP group. This issue will be addressed later in the thesis.
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Figure 1-2 Smoking prevalence by SEIFA level in Australia, 1998-2013. Figure produced from
data reported by Australian Institute of Health and Welfare National Drug Household Surveys
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1.3 Smoking in young adults

There is a focus in this thesis on ‘young adults’; however, the definition of a young adult

varies widely in the literature. Some international age classifications refer to a young adult

as a person aged between 19 and 24 years #°, with middle aged adults being people over the

age of 40 years 2%, The participants in the CDAH study used in several parts of this thesis are

aged in their mid-20s to late 30s and therefore fall outside these definitions. In the

remainder of this thesis, the term young adult is used to define people in early adulthood

before middle adulthood, effectively 16-41 years.

The process of smoking initiation also requires clarification. There is a sequence of stages

which takes people from receptivity to dependence on smoking. As discussed by Flay (Figure

1-3) 7, initiation of smoking among children and adolescents can be divided into five

primary stages: preparatory stage, trying stage, experimental stage, regular use, and

addiction/dependent smoker. During the first stage (preparatory stage), children and

adolescents form the attitudes and beliefs about smoking utility. Even though no actual

smoking has taken place, smoking may be perceived as a way to become mature,
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Preparatory stage Adolescent forms attitudes
Psychosocial risk factors and beliefs about the utility
include advertising and of smokine.

adult/sibling role models
who smoke cigarettes.

v

» Never smokers
Trying stage Adolescent smokes first few

Psychosocial risk factors cigarettes.

include peer influences to
smoke, the perception that
smoking is normative, and

the availability of cigarettes. v

» No longer smokers
Experimental stage Adolescent smokes

Psychosocial risk factors repeatedly but irregularly.

include social situations and
peers that support smoking,
low self-efficacy in ability to
refuse offers to smoke, and

\ 4

the availability of cigarettes. » No longer smokers

Regular use Adolescent smokes at least weekly
Psychosocial risk factors across a variety of situations and
include peers who smoke, the personal interactions.

perception that smoking has
personal utility, and few
restrictions on smoking in
school, home, and community
settings.

\4

» Quits smoking
Addiction/Dependent smoker  Adolescent has developed the
physiological need for nicotine

Figure 1-3 Developmental stages of smoking among children and adolescents; Figure
reproduced from the 1994 Surgeon General’s report of U.S. Department of Health and Human
Services %

release stress, bond with peers, or show independence %°. Children and adolescents smoke
their first few cigarettes in the second stage (trying stage). This is reinforced if they have
smoking peers and there may be transition to the next stage (experimental stage). At this
stage, children and adolescents smoke repeatedly but irregularly. They generally smoke in a
particular situation (such as at a party). In the fourth stage, smoking proceeds to a regular
behaviour. Experimenters increase their tobacco use in frequency, usually on a daily or

weekly base, and quantity, and smoke in varieties of situations. The final stage is marked by
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psychological and physical dependence on nicotine. A person would experience nicotine
tolerance and withdrawal symptoms if quitting smoking happens, and easily relapse to

smoke if the person does quit.

There are a wide range of factors jointly influencing the decision to adopt or reject smoking
among children and adolescents. The theory of triadic influence categorises these factors
into three groups: intrapersonal, social, and environmental factors 3. As illustrated in Figure
1-4 31 intrapersonal (intrinsic) factors cover cognitive functions, impulsivity, affective states
thrill/sensation seeking, which affect self-efficacy and internal motivation to use tobacco;
social (extrinsic) factors include family and peer influences that affect the perception of
what constitutes normative behaviour; environmental factors include neighbourhood,
cultural contexts, and general values, which influence the attitudes and evaluations of
tobacco use 32. The influence of different factors may vary at different smoking stages 33, but

the evidence of stage-specific effects is weak 3%,

'« Exposure 1 fobacco marketing S - Adult smoking prevalence
g | «Images of smoking in popular media + Restrictions on smoXing
. «Tobacco industry « Attitudes to youth and youth culture
§; } < Access ' « Satioeconomic and cultual context
| «Frice
i i
W - Parental smoking « o risk in trying
Rl +Sibling smoking «|twon't happen tome
~
ol - Parental values and attitudes tosmoking Experimentation « Curicsity
=l - Socioeconomic status « Individual choice
== N .
» Adulthood aspirations
‘Social’ smoker Regular smoker + Perceptions of smoking norms

« Risk-taking propensity
« Self-esteem/seif-image

« Peer affiliations and friendships N - Genetics
« Connectedness to schoal and/or home « 1t ttero exposise
«Sense of alienation Resumption of smoking « Pubsrty and adolescence

Adult non-smoker Adult smoker

Figure 1-4 Factors influencing smoking initiation among children and adolescents; Figure
reproduced from Scollo and Winstanley (with permission) 3



Chapter 1 Introduction

Young adulthood is a critical time when changes in risk-taking behaviours such as smoking
often occur 3537, According to a report of the Surgeon General, 88% of adult daily smokers
tried their first cigarette before 18 years of age, and 99% of first use occurred by 26 years of
age in the United States 3. In the United Kingdom (UK), around 207,000 children started
smoking each year 3, and about two-thirds of adult smokers started smoking before they
were 18 years old, and over 80% before the age of 20 years %°. Relative to other smokers,

people who start smoking at an early age are more likely to smoke for longer and to die

from a smoking induced disease .

1.3.1 Highest prevalence of cigarette smoking

Young adults have the highest prevalence of cigarette smoking among all age groups in
developed countries 2. For example, in 2012 in the United States, the highest prevalence of
current cigarette smoking was in the age group of 18-25 years, which was 31.8% #!. The
prevalence was higher in males (36.6%) than females (27.1%), and this pattern existed for all
racial/ethnic groups (see Figure 1-5). In 2010 in Australia, 22% adults aged 25-39 years were
current smokers (25% for males and 20% for females). The prevalence in this age group was

higher than any other age group 2.
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Figure 1-5 Prevalence of current cigarette smoking among young adults by gender and

race/ethnicity; Figure produced from data reported by National Survey on Drug Use and Health
2012, United States 3
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1.3.2 Significant changes in smoking behaviours

Young adults experience significant changes in smoking behaviours in terms of initiation and
quitting. As many as 25% of smokers take up smoking after they finish school but before the
age of 24 in the United States and Canada ***°. With the enhancement of tobacco control
efforts, people are delaying the age that they take up smoking *°, leading to an increased
number of people who initiated smoking as a young adults and a decreased number that
started before the age of 18 years (Figure 1-6). For example, in the 2013 United States
National Survey on Drug Use and Health (NSDUH), it was projected that one million people
began smoking at age 18 or older, which increased from 623,000 in 2002; meanwhile, the
number of cigarette smokers who initiated prior to the age of 18 years was lower in 2013

than 2002 (1.0 million vs. 1.3 million) “®.

Progression from experimental to regular smoking often occurs in young adulthood #’.
Approximately 38% of current smokers aged 18-25 years reported progression to regular
smoking after 18 years old in the United States in 2009 ¢ compared with the estimate of
30% in 2007 #°. In addition, any form of initiation of smoking is now rare after 25 years of
age *°. This is important because it means that if initiation does not occur by 25 years, then
it will likely never occur. Therefore, young adulthood is identified as an important time
window for marketing products by the tobacco industry ° and prevention of uptake in the

age group is a high priority as it could almost end the supply of new smokers.
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Figure 1-6 Past year cigarette initiates among people aged 12 years or older, by age at first use
from 2002 to 2013; Figure produced from data reported by National Survey on Drug Use and
Health 2013, United States %6

1.3.3 Greater benefits of quitting smoking

Quitting smoking greatly benefits health, and the benefits are greater if the cessation occurs
at a younger age. Compared with those who had never smoked, lifespan is shortened by 10
years among current smokers °2>>. Of note, the survival curve for smokers who quit before
the age of 35 years is nearly identical to that for people who have never smoked, indicating
most risk can be avoided if cessation occurs in young adulthood 2°°. It is therefore
important to understand the drivers of smoking cessation among people in this age group so

that efforts to increase cessation and reduce relapse can be enhanced.

1.4 Health consequences of smoking
1.4.1 Smoking and physical health

The tobacco epidemic including active smoking (direct tobacco smoking) and passive
smoking (exposure to second-hand smoke) is one of the biggest public health issues the
world has ever faced . Around six million people die prematurely from smoking each year
>’ The six million deaths translate to a striking statistic: one death every five seconds. Over
five million of these deaths are attributable to active smoking °¢, while an additional 600,000
deaths are the result of being exposed to second-hand smoke 2. According to the latest

data from the WHO >, 12% of mortality among adults aged 30 years and older was

10
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attributed to tobacco worldwide, with the proportion of deaths higher among men than
women. The burden of tobacco-related mortality is heaviest in low- and middle-income

countries. It is projected that there will be a 9% decline in tobacco-attributable deaths in
high-income countries during 2002-2030, while during the same period the number of

deaths in low- and middle-income countries would double from 3.4 million to 6.8 million °’.

The adverse effects of smoking have been reported by several national and international
agencies, such as the United States Surgeon General, the Royal College of Physicians of
London, and the Monographs of the International Agency for Research into Cancer. Of
these, the most regular series is from the Office of the United States Surgeon General, which
has been focusing on various aspects of smoking since 1964. The repeated conclusion is that
“Smoking is the single greatest cause of avoidable morbidity and mortality in the United
States”, and no reason has been found to reverse any earlier conclusions of causality. The
report was updated in 2004 and 2014 with major changes being the inclusion of the health

effects of passive smoking and recognition of the rising epidemic of smoking in women.

Tobacco use harms nearly every organ of the body, leading to many conditions and
reduction in the general health of smokers %1, Figure 1-7 lists the health consequences
causally linked to smoking, which was updated by the United States Surgeon General in
2014 *1. Among adults aged 30 years and older, globally, tobacco smoking was responsible
for 14% of all deaths from non-communicable diseases >°. Among these diseases, 10% of all
deaths from CVDs, 22% from various cancers and 36% from respiratory diseases were

attributable to tobacco smoking °°.

Of the many diseases induced by smoking, the leading three causes of deaths are CVD,
chronic obstructive pulmonary disease (COPD), and lung cancer °. For example, smoking
increases the risk of coronary heart disease and stroke by about two to four folds, and the
risk escalates with the amount of tobacco smoked 6. Importantly, the cardiovascular risk is
rapidly increased by even low levels of cigarette consumption 32, In Australia, smoking is the
greatest cause of COPD °>, accounting for 77% of male cases and 71% of female cases in
2004-5 62, Approximately half of current smokers who survive to their mid-70s develop mild
to severe COPD 3, Of cancers, lung cancer is the one that has been most thoroughly
investigated with respect to smoking ®*. Up to 90% of lung cancer cases in prolonged

11
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smokers are attributed to smoking 3'. Compared with never smokers, mortality from lung

cancer is 16 times higher in smokers .
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Figure 1-7 The health consequences causally linked to smoking; Each condition presented in
red bold is a new disease that has been causally linked to smoking in the 2014 report of U.S.
Department of Health and Human Services (USDHHS); from USDHHS 2014 (with permission) 4*

There have been several large, prospective and nationally representative studies worldwide
investigating smoking and its relation to mortality in the 215t century >2>4>%6_|n the United
States, Jha and colleagues °? collected data on smoking from 113,752 women and 88,496
men aged 25 to 79 years between 1997 and 2004 and linked these data to the National
Death Index prior to 2006. They found that mortality from any cause among current
smokers at baseline was about three times that of never smokers, and current smokers lost
more than 10 years of life expectancy compared with never smokers. About 90% of the risk
can be avoided if cessation occurs before the age of 40 years. The tripling of the relative risk
(RR) of overall mortality and the reduction in life expectancy by almost a decade are

consistent with the findings in other studies: a study of male British doctors ®°, the Million

12
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Women Study in the UK 3, a meta-analysis of five other contemporary cohort studies ¢’ and

the Life Span Study in Japan >%.

The most recent available evidence on trends in mortality attributed to tobacco use is from
China . This country is and will continue to be a centre of global tobacco epidemic in the
215 century as it is the largest producer and consumer of cigarettes 8. Over one-third of the
world’s cigarettes were consumed in China in 2014, more than the total amount of the next
top 29 cigarette-consuming countries combined . In 2010, about one million deaths were
caused by tobacco use in China. The estimated number of deaths will double in 2030 and
triple in 2050 unless there is widespread prevention of uptake and cessation . Chen and
colleagues ®° also pointed out the changing effects of tobacco use on male and female
mortality were opposite, with the mortality attributable to tobacco use was increasing in

men, but low, and decreasing among women.

1.4.2 Smoking and mental health

Apart from physical health, tobacco smoking is also closely related to mental health
although the causal nature of the association is unclear. Cross sectional studies show that
people who report mental health problems have higher rates of smoking 7°-’¢, are more
often heavier smokers 7274 and have lower rates of quitting 737> than those without mental
iliness. For example, Lasser et al 7> reported that in an American national representative
sample of adults, people with mental iliness were about twice as likely to smoke as those
without mental illness and they also had lower quit rates. Receiving treatment for mental
health problems appears to significantly increase quit rates ’/. Quantitative and qualitative
data has shown that people report that they smoke to stabilise their mood, for relaxation
and enjoyment, and to alleviate feelings of stress, depression and anxiety 7883, Whether or
not quitting smoking impairs or improves mental health or if relapse to smoking improves
mental health are therefore of interest. Taylor and colleagues recently performed a
comprehensive meta-analysis of longitudinal studies of healthy and clinical (including those
diagnosed with physical and psychiatric disorders) adult populations to investigate changes
in mental health after smoking cessation compared with continuing to smoke 84. Based on
data from 26 studies that satisfied their inclusion criteria, they concluded that smoking

cessation was associated with improvements of several indicators of mental health
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compared with continuing to smoke, including depression, anxiety, stress, mental health-
related quality of life (HRQoL) and positive affect. The strength of the association was
similar among the general population and those with psychiatric disorders. Furthermore,
other investigators have reported that people who relapse to smoking after a quit attempt
experience an increase in anxiety levels from baseline &°. These longitudinal data provide
strong evidence of an association between stopping smoking or cessation maintenance and
improved mental health. Thus, worries about worsening mental health after cessation could

be allayed.

In adolescents and young adults, the association between smoking and mental health has
been highlighted in recent studies 2. For example, in a USA cohort of college students,
Wetter and colleagues &’ found that affect control by smoking was an important predictor of
the transition from occasional to daily smoking. However, the directionality of this link is not
entirely clear. Using data from a 4-wave longitudinal study in adolescents, Windle and
Windle 8 found that depression was a predictor of future smoking after controlling for
baseline smoking and smoking was a predictor of future depression after controlling for
baseline depression. In addition, only one study from Australia has explored the association
of smoking and mental health in adolescents or young adults, while with a cross-sectional
design and small sample size (n=92) &. Future studies are needed to verify this result using

longitudinal designs in larger samples.

1.4.3 Smoking and health-related quality of life

Health-related quality of life is a multi-dimensional concept that describes a subjective
perception of physical and mental and social life. Utilisation of HRQoL in health research is
important. This is because with the advancement of medical and public health services,
better treatments of existing diseases occur and life expectancy is prolonged. Therefore,
health assessment should not only focus on saving lives, but also improving their quality.
Several instruments are available to measure HRQoL, such as the Medical Outcomes Study
Short Forms (SF-12 and SF-36), the Health Utilities Index Mark 3 and EQ-5D. These tools
have been infrequently used in tobacco-related research, especially in longitudinal studies,
and could be included as an outcome to assess the impact of smoking on health, particularly

in younger populations.
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The relationship between smoking and HRQoL in the general population has been
investigated in a number of cross-sectional studies °>-°4, Although these studies varied in the
way HRQolL and smoking status were measured, the main message was consistent: on
average HRQol is poorer in smokers than non-smokers, and the strength of the association
relates to the heaviness of smoking. Several longitudinal studies have been conducted
examining the relationship between quitting smoking and changing HRQol, producing
mixed evidence °>192, For example, Piper et al found that compared with continuing
smokers, quitters reported a significant improvement in HRQol at the end of one and three
years 6. Using data from two Nurses’ Health Study cohorts, Sarna et al. found both
continuing smokers and quitters had significant declines in physical HRQoL and significant
improvements in mental HRQoL over eight years follow-up °°. Inconsistent findings may be
explained by small sample size °%109102 short follow-up lengths 199192 and specific groups
targeted (i.e. university graduates 1, females °>, and participants from assisted cessation
programmes °9-98192) ‘No longitudinal data is available in young adults. A feature of many
tobacco control campaigns is the use of graphic advertisements focused on the diseases
caused by smoking. There is potentially a perception among younger smokers that these
health effects are unlikely to occur for many decades and that their smoking will not yet be
affecting their health 103194 |t js possible that raising awareness among younger smokers of
the effect that their smoking is having on their health through instruments measuring

HRQoL could promote quit attempts.

1.4.4 Adverse health effects of smoking in young adults

Young smokers are less likely to suffer from diseases induced by smoking because they
often take several decades to develop. However, smoking during young adulthood causes a
range of immediate adverse health consequences, laying the foundation for developing
serious diseases in later life 3. As aforementioned, most of the risks are avoidable if people
can quit smoking before the age of 35 years °2>>5>, This is why examining the earlier effects
of smoking on HRQoL and changes in smoking status on changing HRQoL in young adults is
important and warranted. Of note, some of the following evidence is from studies of
adolescents, therefore, the definition of young adult in this section is broader than

previously defined.
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1.4.4.1 Early signs of nicotine addiction

Defining nicotine dependence in young people is a topic of debate, with increasing
recognition of the inappropriateness of using adult criteria (generally based on the premise
that prolonged use is needed for establishing dependence) in young smokers. Recent
research has also highlighted the qualitative difference in withdrawal symptoms
experienced by adolescents and adults. Craving tobacco is the predominant symptom
reported by young people during abstinence and withdrawal symptoms are generally
minimal, while adults’ nicotine dependence is characterised by emergent withdrawal
symptoms 38, Nonetheless, there is emerging evidence suggesting that nicotine dependence
can be developed shortly after initiating smoking in young people, even at low levels of

cigarette consumption 38105,

1.4.4.2 Lung function, respiratory symptoms and diseases

Many studies of different populations have found that early tobacco use impairs lung
growth and development 38, In addition, a dose-response inverse relationship was reported
between smoking and lung function reflected by forced expiratory volume in one second /
forced vital capacity (FVC) and forced expiratory flow between 25% and 75% of the FVC
among children and adolescents %, Compared with young non-smokers, young smokers’
lung growth ceased earlier, they reported a lower maximal lung function, a briefer plateau
phase, and presented a decline in lung function earlier 3. Quitting smoking was associated

with a smaller decline in lung function than continuing smoking 1%7.

Active smoking in children and adolescents is associated with higher frequency of
respiratory symptoms %4198, and the frequency of respiratory symptoms positively related to
duration of smoking and the amount smoked %%l Moreover, accumulating longitudinal
data support the relationship of active smoking and the incidence, persistence and
recurrence of asthma, wheeze and cough in adolescence and young adulthood 112113,
especially in girls 1*4115 For example, in Norway, Tollsfsen et al. **> evaluated the incidence
and course of wheeze and asthma in 2,399 adolescents, with data collected at baseline aged
13-15 years old and in follow-up at 17-19 years of age. They found that for subjects

reporting no respiratory symptoms at baseline, the risk of developing wheeze at follow-up
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was significantly greater in girls (odds ratio (OR): 2.8, 95% confidence interval (Cl): 1.6, 4.9)
than boys (OR: 1.8, 95% Cl: 0.9-3.9).

1.4.4.3 Cardiovascular effects

Active and passive smoke exposure during adolescence and young adulthood lead to the
early phases of cardiovascular injury, thereby increasing the risk of CVDs. Suggested
mechanisms include endothelial injury and dysfunction, promotion of chronic inflammation,
insulin resistance and promoting an atherogenic lipid profile 34. Among them,
atherosclerosis underlies much of cardiovascular mobility and mortality in adulthood 32.
Three studies have assessed the association between the presence and degree of
atherosclerosis and cardiovascular risk factors including smoking in young people at
autopsy, and found that smoking in adolescence and young adulthood contributed to
atherosclerosis; this association was evident shortly after youth initiated smoking and
readily observed in adulthood 14118 Three large longitudinal studies have examined the
association of early exposure to tobacco and subclinical atherosclerosis later life, and all

suggested a causal relationship and the response appears to be time and dose-dependent

119-121

1.4.4.4 Other health problems

Tobacco use is also a risk factor for dental and musculoskeletal problems in young people 3.
Over half of periodontitis in young adults aged 19-30 years was associated with smoking 22,
There was also evidence that moderate smoking during young adulthood induced variations
of saliva lipid pattern, the amount of which are important in maintaining oral cavity health
123 A wealth of data has demonstrated the association of tobacco use to musculoskeletal
problems in the elderly 124125, Recent research has also begun to link early tobacco use with

unfavourable musculoskeletal phonotypes 2.

1.4.5 Economic costs of smoking

One way to measure the consequences of tobacco use on a society is to estimate its
economic costs, which can include the costs of smoking-related illnesses, premature
mortality and reduced productivity. Such estimates can be defined by the difference
between healthcare or other costs that actually occur due to smoking and the costs with

reduced levels of smoking '?’. The percentage of the total cost of smoking out of the gross
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domestic product (GDP) is often used for cross-country comparisons. So far, most data on
the economic burden of smoking are from developed countries. It was found that smoking
places a high economic burden on the whole economy, reaching 1.4%-1.6% of GDP in the
United States, 1.3%-2.2% of GDP in Canada, and 2.1%-3.4% of GDP in Australia 1%8. The
estimations are lower in developing countries compared with developed countries. Sun et
al. 1?° estimated that the total economic cost of smoking in 2000 in China was $5.0 billion,
accounting for approximately 0.5% of China’s GDP. A more recent study from China by Yang
et al. 3% reported that the total economic cost of smoking in 2008 ($28.9 billion) was four
times more than in 2000, which represented 0.7% of China’s GDP. Similar proportions were
documented in other developing countries such as India in 2004 (0.24%) 31, Vietnam in
2011 (0.97%) 32 and Thailand in 2009 (0.78%) 33. The lower proportion of the total
economic cost in national GDP in developing countries than developed countries may be
explained by the earlier stage of tobacco epidemic, the long lag time between smoking and

its adverse health effects, and limited access to and poor quality of medical care 127134,

1.4.6 Health effects and economic costs of smoking in Australia

Smoking is the leading preventable cause of morbidity and mortality in Australia. It was
responsible for 11.7% of Australia’s deaths, that is 15,511 deaths in 2003 in Australia, with
more than three-quarters accounted for by lung cancer, COPD and ischaemic heart disease
135 In contrast to the estimated all-cause mortality attributable to smoking worldwide
described in Section 1.4.1, this figure was up to two in three in a recent Australian study °°.
In this large-scale prospective study of 204,953 participants aged 45 years or over, Banks et
al. > found that the life expectancy was 10 years shorter in current smokers than never
smokers, the mortality attributable to smoking increased with increasing smoking intensity
among current smokers, and the greater mortality diminished gradually with increasing time
after cessation among former smokers. If quitting smoking is before the age of 45, no

significant difference in mortality was evident between former smokers and never smokers.

There are two major studies of the costs of smoking to Australian society: the Australian
Institute of Health and Welfare (AIHW) burden of disease study and Collins and Lapsley’s
studies of social costs 3%, The latest AIHW data was from 2003 and used the measure of

disability adjusted life years (DALYs), reflecting the number of years of life lost due toill
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health, disability or early death 3. Over 2.63 million DALYs were estimated lost due to
disease and injury in 2003 in Australia, and of individual risk factors smoking accounted for
the greatest proportion of DALYs lost (7.8% of total) 13°. Collins and Lapsley have estimated
the economic costs of tobacco use to Australian society for several years, including 1988 136,
1992 137, 1998-99 138 and 2004-05 ©2. They have also estimated the economic costs of
tobacco use for three states in 1998-99 139140 gnd 2009-10 4. Their latest national report
was based on 2004-05 data. According to this report 2, tobacco use was responsible for
$31.5 billion (56.2% of total) in 2004-05, more than the total amount of alcohol (27.3%),
illicit drugs (14.6%), alcohol and illicit drugs (1.9%) together. In addition, as noted by Collin
and Lapsley, their approach to estimation was extremely conservative; the actual economic

costs of smoking are likely to be higher 62,

1.5  Difficulties in quitting smoking and achieving long-term abstinence

The immediate and long-term benefits of quitting smoking for people at any age have been
substantially explored in previous studies 41°2-56566,142,143 'Quitting smoking is a difficult
journey for most smokers. Mark Twain said “To cease smoking is the easiest thing | ever did;
| ought to know because I've done it a thousand times”, highlighting the difficulties and
challenges to successful cessation. Indeed, numerous attempts and relapses have to be
made prior to prolonged abstinence, and this may take several years 142, For example, a
recent Australian national survey of smokers aged 14 years or older found that 77% of the
participants had tried to change their smoking behaviours in the previous 12 months, 29%
reported trying to quit but not succeeding, 19% successfully quit smoking for over a month
and 38% had attempted to reduce the amount of smoking per day #4. Among adult smokers
in the United States, nearly 70% reported that they wanted to quit completely in 2010,
more than half said they had attempted to quit in the past year but only 6% had successfully

quit 145,

Young adulthood is a prime time when people are either imbedding their smoking
behaviour (as introduced in section 1.4) or quitting, making it an important period for
preventing transition to regular smoking and also promoting cessation. Three reasons can
be offered explaining this viewpoint. First, the proportion of young smokers who are

interested in quitting is high, and most have actively engaged in cessation process 4.
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Second, the estimated median age of cessation for people who started smoking as
adolescents was in young adulthood, 33 years for males and 37 years for females #’. Third,
older adults (aged 35-64 years) were less likely to report quitting smoking successfully than

young adults (aged 18-24 years) 148,

1.5.1 Reasons why it is difficult to quit

Tobacco products contain nicotine, which is a highly psychoactive ingredient. It is the
nicotine in tobacco that causes people to become addicted to smoking and that is
responsible for relapse because of withdrawal symptoms 4°. The report of the US Surgeon
General in 1988 that solely focused on nicotine addiction concluded that: “1) cigarettes and
other forms of tobacco are addictive; 2) nicotine is the drug in tobacco that causes
addiction; 3) the pharmacological and behavioural processes that determine tobacco

addiction are similar to those that determine addiction to drugs such as heroin or cocaine”

150

1.6 Smoking cessation intervention strategies

Although most smokers quit unassisted >'1>2, behavioural support, pharmacotherapies and
a combination of these interventions have been shown to increase a person’s success and
help them to achieve long-term abstinence, especially for more dependent smokers °3-155,
Behavioural support interventions include self-help materials (e.g. brochures, books,
videotapes and CDs), individual counselling, group quit courses, and cessation clinics in
person or by telephone. Compared with no advice or usual care, behavioural support
interventions are effective in increasing quit rates, although some only have a small effect
156 For example, standard self-help materials alone only slightly increased quit rates
compared to no intervention, but there was greater benefit for individually tailored self-help
materials 4. Nicotine replacement therapy (NRT), bupropion and varenicline have been
approved for first-line pharmacotherapies for smoking cessation. All three were reported as
effective in increasing smoking cessation relative to placebo or non-drug arms, with a
pooled risk ratio (RR) of 1.60 (95% Cl, 1.53 to 1.68) for abstinence for NRT, RR 1.62 (95% Cl,
1.49 to 1.76) for bupropion, and RR 2.27 (95% Cl, 2.02 to 2.55) for varenicline °°,

Combining behavioural support and pharmacotherapies increases the success of smoking
cessation. For example, providing behavioural support for people using pharmacotherapy to
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stop smoking increased the chance of success by 10% to 25% *°7

, and providing
pharmacotherapy for people using usual care, brief advice or less intensive behavioural

support increased the cessation success probability by 83% 1°8,

1.6.1 Factors that predict making a quit attempt and maintaining cessation

There are two major components of attempting to quit smoking: making a quit attempt and
maintaining cessation. These two tasks are distinct, so the predictors are not necessarily
equivalent 1°, Also, the factors affecting the success rate of quitting smoking vary from one

person to another 19183 Qverall, these can include 3

1. physiological factors (e.g. level of nicotine dependence, severity of withdrawal
symptoms, experience of weight gain in previous quit attempts)

2. behavioural factors (e.g. duration of smoking, frequency of smoking, past attempts to
quit)

3. social factors (e.g. living or working with smokers, having smoking friends, home or
workplace subject to smoke free policies or seeing tobacco products displayed)

4. psychological or emotional/affective factors (e.g. stress, depression, anxiety, psychiatric
disorders, fear of weight gain)

5. cognitive factors (e.g. knowledge, self-exempting beliefs, perceived disadvantages,
motivation, self-efficacy)

6. barriers to access to interventions (e.g. living in rural area, affordable quitting
medications and treatment programs)

7. other factors (e.g. marital status, have children living at home, education).

One recent systematic review provided comprehensive evidence on the determinants of
trying to quit smoking and their success in general population among adults 8%, Eight
studies from 17 articles were included. It found that in spite of considerable methodological
heterogeneity across studies, population-based studies from several countries showed that
past quit attempts and measures of motivation highly predicted quit attempts, whereas only
nicotine dependence measures consistently predicted success or failure in these attempts.
Occupation level was also shown to predict successful quitting but only two studies
examined this. Other socio-demographic factors, such as age, gender, marital status and

education level were not consistently associated with quit attempts or success.
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Awareness of factors determining smoking cessation is of importance for identifying people
at risk of relapse and to improve success in quitting. Identifying factors that predict
successful cessation could be used to match smokers with a strategy that facilitates the
success in quitting. In addition, this knowledge could enable to refine tobacco control
polices and optimise health care resources. A better understanding of factors associated
with successful cessation in well-designed cohort studies is one way that we can gain a

better understanding of such factors and deliver on these aspirations.

In this thesis, some specific predictors and health effects of smoking cessation or
continuation in young adults are examined. As shown in Figure 1-8, predictors include life-
stage transitions 8 and SEP trajectories across the life course, and health effects covers
weight gain after smoking cessation and HRQoL (introduced in the section of 1.4.3)., such as.
These factors have been identified in some studies as being associated with changing
smoking status. Some of these have been explored in a limited number of studies or studies
that have substantial limitations. There is a lack of prospective evidence from ‘real world’
population-based studies and this weakens the case for causal relationships. As these

factors are the main focus of this thesis, they are introduced in detail below.
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Figure 1-8 Framework of this thesis

1.6.1.1 Weight gain after smoking cessation

The relationship between smoking and body weight has been described for many years.
Cross-sectional studies document that body weight is lower in smokers than non-smokers
184,185 and is higher in former smokers than both smokers and non-smokers 8. Cohort
studies also find that smokers gain weight after quitting 184187188 Estimates of the
magnitude of weight gain varied widely across studies. Travier et al. 188 found that over five
years quitters gained twice as much weight as did continuing smokers; for men, the
estimated annual weight gains per year were 0.41 kg for continuing smokers and 0.84 kg for
quitters, with corresponding values of 0.36 kg and 0.85 kg for women. The amount of
weight that smokers gain after quitting can be substantial over a longer period. Using data
from the 2003-2012 National Health and Nutrition Examination Survey in the United State,
Veldheer et al. 18 found that over a 10 year period, quitters gained an average weight of 8.4
kg as against 3.5 kg in continuing smokers. Heavy smoking, obesity, women, young age and

being African American increased the risk of major weight gain after quitting 184187,189,

Fear of weight gain discourages smokers from trying to quit, experience of weight gain is
associated with relapse in former smokers, and expectation of weight control or weight loss
relates to smoking initiation %1% |t is reported that about half of female and a quarter of
male smokers do not try to quit because of their concerns about weight gain *3, and 52%
female and 32% male former smokers reported relapse to smoking due to weight gain after
cessation °* Some adolescents, especially girls, and young adults use smoking as a strategy

to control or lose weight 191,192,195
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The mechanisms by which smoking cessation leads to weight gain are still not well
understood and remain to be elucidated, but are likely to be because of more energy intake
than energy expenditure for a period of time. Nicotine mediates most of the effects of
smoking on weight by raising resting metabolic rate and suppressing appetite. Such weight-
decreasing effects are removed after quitting smoking (absence of nicotine) so that resting
metabolic rate (energy expenditure) decreases and appetite (energy intake) increases *°°.
Some smokers substitute eating for the “hand to mouth” habit of smoking to cope with
nicotine withdrawal symptoms, which may also contributes to an increase in energy intake
197 Other possible explanations of post-cessation weight gain include increased preference

of sweet food and decreased physical activity (PA) after quitting 179198,

Several interventions to reduce weight gain after quitting smoking, including
pharmacotherapies, exercise and dietary interventions, appear to achieve little success °*
202 The latest systematic review and meta-analysis of interventions for preventing post-
cessation weight gain was performed by Farley et al. in 2012 2%, concluding that 1)
personalised weight management support may be effective in mitigating weight gain after
cessation, but the supporting data was two few to be sure; 2) some pharmacotherapies,
such as bupropion, fluoxetine, NRT and varenicline, and very low calorie diet limited weight
gain during treatment, while this effect was not maintained after one year after quitting; 3)
exercise interventions showed evidence of long-term success, but not in the short-term; 4)
other interventions including weight management education only, and cognitive
behavioural therapy to accept weight gain were not effective in weight reduction. Overall,
no strong clinical recommendation can be made regarding how to effectively prevent post-

cessation weight gain.

To address concerns about weight gain after quitting, it is important to provide accurate
information on the amount of weight gain that might be expected after quitting. The most
recently available and systematic estimate is from a meta-analysis of 62 randomised
controlled trials (RCTs) of three first line treatments (NRT, bupropion, and verenicline) for
smoking cessation, which reported that the average weight gain was 4-5 kg after 12 months
of abstinence 293, However, this result may not be generalisable to the general population of

smokers 2%%, This is because participants in cessation trials are usually heavier smokers and
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more dependent on nicotine 20

, Which means that their likelihood of experiencing major
weight gain after cessation may be greater than light smokers and those who are less
dependent upon nicotine ¥, Furthermore, other studies have shown that people that
engage in RCTs are more likely to have previously quit and relapsed 2%, and may lack self-
efficacy 2%/, with these potentially related to weight gain, and may therefore present a
biased estimate of weight gain after cessation. In addition, this study only assessed the
effects of quitting smoking on weight change within 12 months; therefore, the effects
beyond 12 months are unclear. Also, people tend to gain weight as they age including
quitters 2%; thus, a more accurate estimate should separate age-related weight gain from
the weight gain attributable to smoking cessation. Fernandez and Chapman 2% pointed out
a need of a meta-analysis of prospective population-based cohort studies to properly
address this question. This is important because this information can then be communicated

to smokers and may redirect efforts to understand and manage any weight gain that may

occur after smoking cessation.

1.6.1.2 Impact of quitting on mental health

Abrupt discontinuation or decrease in tobacco use produces a group of withdrawal
symptoms. Negative affect is a major component of withdrawal 2%, including irritability,
aggression, anxiety, difficulty concentrating, restlessness, impatience, depressed mood and
insomnia 219, which peaks within the first week after quitting and lasts 2-4 weeks 2. These
symptoms occur in most smokers when they try to quit and are partly explained by
nicotine’s effects on the brain. Nicotine can promote the release of a variety of
neurotransmitters, including dopamine, norepinephrine, serotonin, B-endorphin and GABA
(y-aminobutyric acid), thereby inducing pleasure, arousal, mood modulation, and a
reduction in anxiety and tension 2%2. Unsurprisingly, smoking for stress relief and enjoyment

are commonly reported 7872,

Despite smokers believing that smoking offers them mental health benefits, they might
misattribute the ability of cigarettes to relieve nicotine withdrawal symptoms as a beneficial
effect on mental health 8. As discussed earlier, there is a strong relationship between
smoking and poor mental health. People living with mental health problems have higher

rates of smoking than the general population, and are also more likely to be heavier
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smokers 213, After quitting smoking, mental health has been reported to significantly
improve in quitters relative to continuing smokers, reflected by several mood items,
including anxiety, depression, mixed anxiety and depression, psychological quality of life,
positive affect, and stress 8. In addition, the effects and the strength of the association are
similar for both the general population and those with mental health disorders 8. However,
as discussed above, this relationship is less clear among young adults and very few data is

from Australia.

1.6.1.3 Life-stage transitions

A life-stage is a phase in life, through which people progress developmentally. Greece et al.
proposed four major life transitions: leaving the parental home, occupying an instrumental
role (e.g. attending college or university, or employment), marriage, and parenthood 214,
Life-stage transitions often accompany major changes in social networks, social roles,
responsibilities and expectations, which have been proposed by a small number of studies
to be relate to the adoption, maintenance and cessation of smoking. For example, in one
longitudinal study of young women in Australia, moving out of the parents’ home was
associated with an increased risk of adopting smoking compared with those who were not
living with their parents 21>, Marriage, being in a committed relationship or being a mother
was significantly related to quitting, remaining an ex-smoker or not picking up smoking £,
whereas marital termination (e.g. through divorce or widowhood) increased daily cigarette
consumption 26 and risk of relapsing or starting smoking ?'’. Of note, all these associations
were reported among young women or middle-older aged people. Therefore, the effects in
young men are still unclear. A better understanding of how these transitions influence
smoking might help with optimising and reinforcing tobacco control efforts to promote

quitting and enhance abstinence from smoking.

1.6.1.4 Socioeconomic position

Socioeconomic position is the place that a person or group occupies in the structure of
society?!®, There are several indicators of SEP, including markers such as education, income,
occupation, housing tenure, car availability and neighbourhood deprivation?'*??°, Tobacco
smoking disproportionately affects low SEP groups. As reported earlier, in most

economically developed countries, people of higher SEP have lower smoking prevalence
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than those in lower SEP groups, and are less likely to be heavy smokers and exposed to
second-hand smoke 221223, A cumulative effect of disadvantage is also evident in these
countries, with the smoking prevalence in people facing many forms of disadvantage five

times of that in the most affluent?24225,

In the past few decades, in countries with advanced tobacco control programs, the overall
trend in smoking prevalence across most socio-demographic groups shows a downward
trend, but the reductions are generally greater in the least socioeconomically disadvantaged
than the most disadvantaged groups. This contributes to a widening disparity in the
prevalence of smoking between SEP groups 3226228 which may keep rising with the trend
toward greater socioeconomic inequality 22°. This disparity provides an opportunity for
tobacco companies to sustain profits in declining markets, and highlights the importance of
researching the impact of SEP on smoking. There has been a tendency in research of
socioeconomic disparities in smoking to focus on the role of proximal (i.e. adult) or distal
(i.e. childhood) SEP factors; however, this fails to account for the fact that SEP is potentially
dynamic over a person life course. Different SEP trajectories over several life-stages (e.g.
life-long disadvantage and upward mobility in SEP) may have different effects on smoking
behaviours in adulthood and may have different underlying mediators that could be used to
reduce inequalities in smoking. Various life course models have been proposed to test
different hypotheses 239231 regarding the effects of SEP across the life course on various
health outcomes. It has also been recommended that multiple life course models should be
examined in the same life course study. No study has investigated the determination of SEP
variation over the life course on smoking behaviours. Furthermore, the mechanisms by
which SEP across the life course may influence smoking behaviours have not been well

examined.

1.7 Aims
This thesis aims to help fill the evidence gaps and provide novel information to extend
current knowledge of the dynamic predictors and early health effects of smoking in young

adults. The specific aims are listed below:
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1. To prospectively examine the associations between partnering and parenting
transitions and smoking continuity, cessation and relapse, and whether these effects
differed between men and women (Chapter 2);

2. To test which life course model(s) best describe the association between SEP over the
life course and smoking status at mid-adulthood (Chapter 3);

3. To examine the potential mediators linking SEP over the life course and later smoking
status, such as parental smoking, attitudes toward smoking, intention to smoke and
smoking experimentation in childhood and life-stage transitions in young adulthood
(Chapter 3);

4. To quantify weight gain after smoking cessation and the difference in weight gain
between quitters and continuing smokers using a systematic review and meta-analysis
(Chapter 4);

5. To evaluate whether the greater weight gain after cessation in quitters than continuing
smokers could be attributed to changes in several dietary and PA behaviours (Chapter
5);

6. To investigate the longitudinal relationship between change in smoking status and
change in physical and mental HRQoL while considering a wide range of potential

confounders (Chapter 6).
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Chapter 2. Effects of partnering and parenting transitions on smoking
continuity over 5 years in young Australians

2.1 Preface

As briefly introduced in the previous section, young adulthood is a time for establishing life-
partnerships and having children. It is also a critical period when smoking prevalence peaks
and when progression from experimental to regular smoking often occurs. Few longitudinal
studies have addressed the effects of partnering and parenting transitions on changing
smoking status, especially in young men. This chapter aims to address this gap in the

literature.

2.2 Introduction

Life-stage transitions are common among young adults as they complete education or
training and enter work, and as their family, work, and financial responsibilities increase.
Two important life-stage transitions are becoming partnered and having children. Over
recent decades, transitions into marriage and parenthood have been occurring at later ages.
In western countries, such as Australia, the median age at first marriage was 29.9 years for
males and 28.3 for females,! and the average age of first time mothers was 28.6.2 Life-stage
transitions are often viewed as a time of “maturing out” and may be accompanied by major
changes in social networks, social roles, responsibilities and expectations, which may impact

positively or negatively on physical and mental health.3#

The previous section established that cigarette smoking is a common unhealthy behaviour.
It is the leading preventable cause of death and illness worldwide, with about half of current
smokers dying prematurely from a tobacco-related disease, including various cancers, CVD,
respiratory disease and other illness.> In spite of a low and decreasing smoking prevalence in
Australia ®, the risks of smoking remain high, with up to two-thirds of deaths in current
smokers attributed to smoking’. In Australia and other high income countries, young
adulthood is a critical period when smoking prevalence peaks and when progression from

experimental to regular smoking often occurs.®8

Providing an in-depth exploration of the effects of partnering and parenting transitions on

smoking continuity, cessation and relapse in this critical time may provide important insights
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for health practitioners and policy makers that could optimise and reinforce their work to
promote quitting and enhance sustained cessation; however, few longitudinal studies of
these factors exist. In a longitudinal study of young women from Australia,® marriage, being
in a committed relationship or being a mother significantly decreased the risk of continuing
and resuming smoking but this study was unable to compare effects in men where the
associations are unclear. Two longitudinal studies prospectively examined the effects of
marital transitions on changes in health behaviours,%!! including cigarette smoking.
However, participants of these two studies were middle-older aged, and were primarily
registered female nurses or male health professionals with similar socioeconomic status so
the results may not be generalisable to young adults and other socioeconomic groups. A
further limitation of previous studies is inadequate control for confounding, with some
potential confounders not considered, such as social support and psychiatric diagnoses,
which are imbalanced in different family structures'? and causally associated with the

maintenance and relapse of smoking, 3>,

In the current research, we aimed to prospectively examine the associations among men
and women in terms of partnering and parenting transitions and smoking continuity,

cessation and relapse in a population-based national cohort of young adults.

2.3 Methods

2.3.1 Design and participants

Participants were from the CDAH study. It is a follow-up of 8,498 participants from the 1985
ASHFS, which comprised a nationally representative sample of Australian school children
aged 7-15 years.'® A two-stage probability sampling framework was used to achieve a
nationally representative sample. The first stage was the selection of schools (government,
Catholic, and independent) with a probability proportional to size (n=109, 90.1% response
rate), and the second stage was the random sampling of 10 boys and girls from each age

strata within schools (n=8,498, 67.5% response rate).

During 2002—-2004, 6,840 participants were traced and 5,170 agreed to take part in the
CDAH Study. The first follow-up was conducted from 2004 to 2006 (CDAH-1, herein referred
to as ‘baseline’) where 3,948 participants (aged 26-36 years) completed questionnaires and
2,410 of those attended one of 34 study clinics held around Australia for physical

47



Chapter 2 Effects of partnering and parenting transitions on changes in smoking status

measurements. Five years later in 2009-2011, the second follow-up (CDAH-2, herein
referred to as ‘follow-up’) collected data from 2,815 participants aged 31-41 years via

telephone, mail or online survey.

At ASHFS, the directors of education in each state granted approval, and consent was
obtained from children and parents. At CDAH 1 and 2, the study protocol was approved by
the Southern Tasmanian Health and Medical Ethics Committee. Written informed consent

was obtained from participants.

The analyses for this study included participants who were ever smokers at baseline, had
data on smoking at follow-up, marital and parental status at both baseline and follow-up,
socio-demographic factors and other covariates at baseline (n=1,084, Figure 2-1). Compared
with current or former smokers who were not included in the analyses due to any
aforementioned reason, study participants were more often females, had a higher body
mass index (BMI) and education level, were more likely to be employed as professionals or
managers, were more often married or living as married and had children at baseline (Table

S1). There was no statistically significant difference between the two groups in baseline age.

2.3.2 Marital status and partnering transitions

Participants reported their current marital status at baseline and follow-up. Marital status
was categorised into three groups: single, married/living as married, and
separated/divorced/widowed. Partnering transitions were classified as: not partnered
(married/living as married) both times, became partnered, stayed partnered both times,
and became separated/divorced/widowed. The group of not partnered both times was used
as the reference group in analyses. People who became separated/divorced/widowed were

compared to those who stayed partnered.
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> 1,658 Not Traced
\ 4
6,840 Participants Traced (2002-2004)
817 No Response
>| 767 Refused
7 86 Deceased
5,170 Enrolled in the CDAH Study
< 1,195 Did Not Participate in CDAH-1
“] 27 Did Not Complete the Smoking Questionnaire
\4
3,948 Participated in CDAH-1 (2004-2006)
>1 1,138 Did Not Participate in CDAH-2
A4
2,810 Participated in CDAH-2 (2009-2011)
| 38 Did Not Complete the Smoking Questionnaire
- 63 Missed Partnering or Parenting Transitions
\ 4
2,709 with Completed Data on Changing
Smoking Status, Partnering and Parenting
Transitions from CDAH-1 to CDAH-2
«| 1,598 Were Never Smokers at CDAH-1
1 27 Missing data on Covariates
\4

1,084 Included in Analysis

Figure 2-1 Flow chart of recruitment and retention of participants for Childhood Determinants
of Adult Health study, Australia, 1985-2011.
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2.3.3 Parental status and parenting transitions

At follow-up, participants reported how many biological children they had and the month
and year of birth for each child. The date the participant completed the baseline
guestionnaire was used to determine whether each child had been born before or after the
baseline assessment. Participants were then classified into four groups: no children both
times, had first child born since baseline, had additional children born since baseline, and
same number of children both times. If a participant had their first child plus additional
children since baseline, they were classified as having a first child born since baseline. The

group of no children both times was used as the reference group in analyses.

2.3.4 Smoking status assessment

Smoking status was defined according to the responses to two questions at baseline and
follow-up. The first question asked “Over your lifetime, have you smoked at least 100
cigarettes, or a similar amount of tobacco?” Participants answering “yes” were classified as
ever smokers, and those answering “no” as never smokers. Ever smokers were then asked
the second question “How often do you now smoke cigarettes, cigars, pipes or any other
tobacco products?” Participants who answered “not at all” were classified as former
smokers, those who answered “daily” or “at least once a week” or “less than weekly” were

classified as current smokers.

Analyses were restricted to ever smokers at baseline as the outcomes were quitting and
resuming smoking during follow-up. Current smokers were dichotomised as continuing
smokers and quitters. Former smokers were dichotomised into stable former smokers and

resumed smokers.

2.3.5 Covariates

Socio-demographic information was self-reported at baseline, including age, sex, education
and occupation. Accessibility/Remoteness Index of Australia (ARIA) classifications (residing
in major city vs other) were assigned to participants based on the census collection district
of their residential address. BMI was calculated from measured weight and height for most
participants. A 15-item Index for Social Support assessed participants’ perceptions and
satisfaction with the social interaction available to them.” To control for poor health prior

to beginning smoking, we used a question completed by participants in 1985 that asked “Is
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A

your health usually?” with responses of “very good”, “good”, “average”, “poor” and “very
poor”. Current psychological distress was determined from the mental component summary
(MCS) measured by the SF-12.181° Follow-up length was calculated from the dates the
participant completed the baseline and follow-up questionnaires. Parenting transitions were

considered as a covariate in the analyses of partnering transitions and vice versa.

2.3.6 Statistical analyses

Student t-tests and chi-square tests were used to compare differences in means and
proportions, respectively. The log binomial regression model was used to estimate the

associations of partnering and parenting transitions with quitting or resuming smoking.

Covariates were considered as potential confounders if they were causally related to the
outcome, imbalanced between the exposure groups and caused a change of 10% or more in
the effect estimate when included in a given regression model. Interactions between sex
and partnering and parenting transitions on quitting or resuming smoking during follow-up
were measured in multivariable models. We separated men and women for the analyses of
quitting smoking because distinct sex differences were observed in the results (p<0.10). The
analyses of resuming smoking were not separated by sex as the p-values of interaction

terms were >0.10.

Sensitivity analyses were conducted using inverse probability weighting (IPW) to examine
the effects of loss to follow-up on the results 2°. IPW is a statistical technique for dealing
with missing data. An additional probability model for non-missingness is constructed prior
to the main analysis model using a binary regression method, for example logistic regression
model. This model codes participants with missing values as 0 and observed as 1, any
covariates potentially predictive of missingness are included in this model. The probability of
being observed for each participant comes directly from the predicted values of the model.
The inverse of this probability is then used as a weight in the main analysis model. Greater
weight is given to people with a low probability of response. In this chapter, weights were

determined by age, sex, education, marital status and whether having children.

All analyses were performed with STATA software, version 12.1 (Stata Corp, College Station,
Texas 77845 USA). A two-tailed P value less than 0.05 was considered statistically

significant.
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2.4 Results

In total, 1,084 ever smokers (570 current smokers and 514 former smokers) at baseline
were included in the analyses. Table 2-1 shows their baseline socio-demographic and
anthropometric characteristics. Overall, the mean age was 31.8 years, 40.4% were male,
27.8% were single and 68.3% were married or living as married; 46.1% did not have
children. As compared with former smokers at baseline, current smokers tended to be
younger (p=0.013) and more often male (p<0.001). They were less likely to have university
education (p<0.001), to be employed as professionals/managers (p=0.003), to be
married/living as married (p<0.001) and to have children (p<0.001). No significant difference

was observed between the groups in baseline BMI.

Table 2-1 Baseline socio-demographic and anthropometric characteristics of participants in the
Childhood Determinants of Adult Health Study, Australia, 2004—-2006

Characteristic Total Former smokers Current smokers
(n=1,084) (n=514) (n=570)
Age (years), Mean (SD) 31.8(2.7) 32.0(2.6) 31.6(2.7)
Male, % (n) 40.4 (438) 33.6 (173) 46.5 (265)
BMI (kg/m?), Mean (SD)* 25.2 (4.8) 25.1(4.8) 25.2 (4.8)
Education, % (n)
Any university education 30.0 (325) 35.8 (184) 24.7 (141)
Vocational training 32.9 (357) 33.3(171) 32.6 (186)
High school only 37.1(402) 30.9 (159) 42.6 (243)
Occupation”
Professional or manager 46.3 (393) 50.1 (198) 43.0 (195)
Non-manual 21.9 (186) 22.0(87) 21.8(99)
Manual 18.0 (153) 12.9 (51) 22.5(102)
Not in the workforce 13.8 (117) 14.9 (59) 12.8 (58)
Marital status, % (n)
Single 27.8(301) 19.1 (98) 35.6 (203)
Married/living as married 68.3 (740) 78.8 (405) 58.8 (335)
Separated/divorced/Widowed 4.0 (43) 2.1(11) 5.6 (32)
No children, % (n) 46.1 (500) 39.3 (202) 52.3(298)

BMI: body mass index; SD: standard divination.
* Sample size ranged from 849 to 1008.

During 5 years’ follow-up, 233 out of 570 current smokers at baseline quit smoking and 337
continued; 58 out of 514 former smokers at baseline resumed smoking and 456 sustained

cessation.

The risk of quitting smoking relative to continuing smoking, and resuming smoking relative

to remaining quit, from baseline to follow-up by partnering transitions is documented in
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Table 2-2 and Figure 2-2. There was an interaction between sex and partnering transitions
in the analyses of quitting smoking (p=0.078). For current smokers at baseline, after
adjustment for age, education, parenting transitions and follow-up length, the likelihood of
quitting smoking was 184% higher for men and 50% higher for women who became
partnered than those who were not partnered both times. A significant sex difference was
observed in the effect of staying partnered on quitting smoking. Compared with those who
were not partnered both times, men who stayed partnered reported a 112% greater
probability of quitting smoking, while no significant difference was shown among women.
Among former smokers at baseline, relative to those who were not partnered both times,
the risk of resuming smoking was statistically significantly lower for those who became and

stayed partnered.

53



Chapter 2 Effects of partnering and parenting transitions on changes in smoking status

Table 2-2 Relative risk (95% Cl) of quitting smoking relative to continuing smoking, and
resuming smoking relative to remaining quit, by partnering transitions

Partnering transitions l\fumber (%) Unadjusted Adjusted’
with outcome  gg 95% Cl RR  95%Cl

Current smokers at baseline - males (n=265)

Not partnered both times 12/59 (20.3)  Ref. Ref.

Became partnered 31/55(56.4) 2.77 1.59,4.83 2.84 1.62,4.98

Stayed partnered both times 59/141 (41.8) 2.06 1.20,3.53 2.12 1.18,3.80

Became separated/divorced/widowed 2/10(20.0) 0.98 0.26,3.75 1.01 0.26,3.96
Current smokers at baseline - females (n=305)

Not partnered both times 26/65 (40.0)  Ref. Ref.

Became partnered 32/56(57.1) 1.43 0.98,2.08 1.50 1.03,2.18

Stayed partnered both times 64/161(39.8) 0.99 0.70,1.41" 1.13 0.80,1.62

Became separated/divorced/widowed 7/23(30.4) 0.76 0.38,1.51 0.83 0.42,1.62
Former smokers at baseline (n=514)

Not partnered both times 11/49 (22.5)  Ref. Ref.

Became partnered 2/60 (3.3) 0.15 0.03,0.64 0.14 0.03,0.58

Stayed partnered both times 40/381(10.5) 0.47 0.26,0.85 0.51 0.27,0.95

Became separated/divorced/widowed 5/24 (20.8) 0.93 0.36,2.37 0.95 0.38,2.40

Values in bold denote statistically significant results.

Cl: confidence interval; RR: relative risk.

*Adjusted for baseline age, sex (only in resuming smoking analyses), education, parenting transitions and
follow-up length.

Compared with those who stayed partnered, those who became
separated/divorced/widowed from baseline to follow-up showed higher risk of continuing
and resuming smoking, but these differences did not reach the statistical significance (data

not shown).
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Figure 2-2 Relative risk (95% Cl) of (A) quitting smoking relative to continuing smoking, and (B)
resuming smoking relative to remaining quit, by partnering transitions. Adjusted for baseline
age, sex (only in resuming smoking analyses), education, follow-up length

Among former smokers at baseline, no statistically significant difference was found between

parenting transitions and whether resuming smoking from baseline to follow-up.
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Table 2-3 and Figure 2-3 presents the association of parenting transitions and continuity
and relapse of smoking during follow-up. An interaction was present between sex and
parenting transitions in the analyses of quitting smoking (p=0.072). Among female current
smokers at baseline, compared with those who were childless both times, those who had a
first child born since baseline were more likely to quit smoking in a multivariable model.
Higher probabilities of quitting smoking were also evident when compared with women
who had additional children since baseline (RR: 2.57, 95% Cl: 1.57, 4.21) and women who
had the same number of children at both time points (RR: 2.30, 95% CI: 1.62, 3.26).

Among former smokers at baseline, no statistically significant difference was found between

parenting transitions and whether resuming smoking from baseline to follow-up.
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Table 2-3 Relative risk (95% Cl) of quitting smoking relative to continuing smoking, and
resuming smoking relative to remaining quit, by parenting transitions

. .. Number (%) Unadjusted Adjusted”
Parenting transitions .
with outcome  gg 95% Cl RR 95% Cl

Current smokers at baseline - males (n=265)

No children both times 36/98 (36.7)  Ref. Ref.

First child born since baseline 23/52 (44.2) 1.20 0.81,1.80 1.05 0.68, 1.62

Additional children born since baseline 20/50(40.0) 1.09 0.71,1.67 0.97  0.58,1.60

Same number of children both times 25/65 (38.5) 1.05 0.70,1.57 0.96 0.60, 1.53
Current smokers at baseline - females (n=305)

No children both times 46/103 (44.7)  Ref. Ref.

First child born since baseline 33/44 (75.0) 1.68 1.28,2.21" 1.74 1.30, 2.33"

Additional children born since baseline 14/48(29.2) 0.65 0.40,1.07 0.68 0.41,1.13

Same number of children both times 36/110(32.7) 0.73 0.52,1.03 0.76 0.53,1.09
Former smokers at baseline (n=514)

No children both times 15/104 (14.4)  Ref. Ref.

First child born since baseline 10/98 (10.2) 0.71 0.33,1.50 0.68 0.31, 1.49

Additional children born since baseline 17/141(12.1) 0.84 0.44,1.60 1.00 047,211

Same numb