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Abstract 
 

Smoking cessation and age effect 

in middle aged and older people 

 

Susan Park 
Public Health, Epidemiology 

The Graduate School 
Seoul National University 

 
Smoking continuously and cumulatively increases risk of morbidity and 

mortality. Therefore smoking cessation is the best way to prevent the 

smoking-related illness and death. Even in elderly smokers, smoking 

cessation can reduce the risk of morbidity and mortality from coronary heart 

disease, chronic obstructive pulmonary disease, stroke and various cancers as 

well as improve recovery from acute and chronic illness, in consequence, their 

smoking cessation improved quality of life and prolonged the life.  

Aging changes the biological mechanism and social environments which 

are known as influential factors to determine the smoking behavior, thus 

characteristics of smoking cessation in older people may be different from 

that in younger people. However empirical evidence has been not sufficient to 

catch the unique determinants of smoking cessation in older adults, because 

most previous analyses regarding age aspects of smoking cessation mainly 

focused on adolescent and young adults.  

Nicotine dependence is the one of core factors to maintain the smoking 

behavior. Nicotinic receptors and nicotine-associated metabolism, two 
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significant aspects of nicotine dependence, are influenced by age. Thus, first 

study described the age-associated changes of nicotine dependence according 

to age span from 10’s to 90’s to capture the relative degree in older people 

compared with younger people. For this analysis, data were obtained from 

baseline measures of current smokers in the National Smoking Cessation 

Program 2008. Nicotine dependence was measured by the Fagerström Test for 

Nicotine Dependence (FTND). Cigarettes per day (CPD) are the major 

component of nicotine dependence as proxy measure of nicotine intake, thus 

we considered CPD as index of physical dependence in this study. Partial 

FTND score which was summation score of 5 items of FTND excluding CPD 

item was used as dependent variable implying psychological dependence. And 

then we analyzed the association between age and 3 dependent variables-total 

FTND, CPD, partial FTND. In consequence, both nicotine dependence and 

CPD displayed an inverse U-shaped relationship to age, with a significant 

peak at 50 years old. CPD measuring physical dependency showed salient 

pattern with age, whereas partial FTND implying psychological dependency 

showed relatively flat pattern with age. These results suggest that although 

older smokers continuously smoke due to constant psychological dependence, 

those who decide the smoking cessation might be easier to quit than younger 

smokers due to decreased physical dependence.  

Health problems which were reported as predominant motivators of 

smoking cessation rapidly increase after middle age. Furthermore, increasing 

health problems in older smokers might mediate the effects of common 

related factors between the health problems and the smoking cessation, 
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because the health problems were influenced by well-known predictors of the 

smoking cessation before quitting smoking. Therefore, next analysis was 

conducted to assess differences in the characteristics of smoking cessation by 

groups with and without chronic disease, and define the effect of health 

problems on smoking cessation among middle and older smokers. For this 

analysis, we used 1,472 smokers who were repeatedly surveyed in the 2 

waves of Korean Longitudinal Study of Ageing (KLoSA). In consequence, 

chronic disease patients exhibited 2 times higher smoking cessation rate 

within 2 years than healthy people. Education showed an opposite relationship 

to the smoking cessation by groups with and without chronic disease: positive 

(increasing) relation for healthy people while negative (decreasing) relation in 

chronic disease group. Newly diagnosed chronic disease enhanced the 

smoking cessation, whereas ADL (Activity of Daily Living) difficulty due to 

chronic disease that presented severity of chronic disease was not related to 

the smoking cessation. The strong effect of recent diagnosis of chronic disease 

and the relatively weak effect of severity of chronic disease on the smoking 

cessation suggested another mechanism of relationship between chronic 

disease and smoking cessation above ‘ill-effect’.  

Decreased nicotine dependence and increased chronic disease might 

improve the likelihood of smoking cessation among older smokers. However 

it doesn’t mean that older smokers naturally quit their smoking without any 

efforts. Older smokers had consistent psychological dependency in spite of 

decreased physical dependency of nicotine and the foundation of strong effect 

of chronic disease on smoking cessation changed the perception and 
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environment rather than ill-health condition. Common fact derived from 

above two results is a need for triggers to directly connect between changing 

age-associated factors and smoking cessation. The triggers might be 

represented by cessation treatment, health education and so on. Therefore our 

study suggests that smoking policies and cessation treatment are needed for 

smoking cessation in middle aged and older smokers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: smoking, age-characteristics, nicotine dependence, tobacco 
control policy 
Student number: 2007-31008 
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CHAPTER 1: Introduction 

 

Although there is no doubt in terms of smoking harms, there are some 

contentious results which support health benefit of smoking.  They reported the 

risk of developing neurodegenerative disease such as Parkinson’s and Alzheimer’s 

disease (Fratiglioni & Wang, 2000; Picciotto & Zoli, 2002). The mechanism is 

Health consequences of smoking in older age 

 

Smoking has remained as a main public health concern despite increased effort 

of tobacco control policy and public awareness of its negative effect in health. 

Especially, as society rapidly ages, elderly population smoking and its impact on 

health are becoming a primary social concern.(Allen, 2009; Elhassan & Chow, 

2007) Even in old age, active smoking has continuously and cumulatively 

deleterious effect on health. Previous research indicated that smokers would lose an 

average of 12–15 years of life compared with age-matched never smokers (Burns, 

2000). Older smokers including over the age of 75 years are more likely to suffer a 

cardio- and cerebro-vascular disease (myocardial infarction, ischemic heart disease, 

heart failure, stroke), respiratory disease (COPD, pneumonia), and several 

malignant conditions (carcinoma of the bronchus, tongue, pharynx, stomach, colon, 

kidney, bladder and pancreas) than their ex-smoker counterparts, even when 

compared with those who quit the smoking in old age (Bjartveit & Tverdal, 2005; 

Burr, Phillips, & Hurst, 1985; N. Cook, et al., 1989; N. R. Cook, et al., 1991; 

Feinleib, et al., 1989; A. LaCroix & Omenn, 1992).  
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explained with modification of neurotransmitter release in central nervous system 

through exposure of nicotine. However it is still controversial because of 

conflicting results by study design and possibility of mixed sample of multi-

infarctual dementia (Almeida, Hulse, Lawrence, & Flicker, 2002; Fratiglioni & 

Wang, 2000). From comprehensive consideration of consider ambivalent evidence, 

harmful effects of smoking are more consistent and crucial than its protective 

effects.    

 

Although the rate of risk decline is slower than that of cardiovascular disease, 

the mortality risk of smoking-related cancers is apparently decreased after 5 to 10 

years of quitting (A. LaCroix & Omenn, 1992). Earlier study showed the 

Health consequences of smoking cessation in older age 

 

Most of the morbidity and mortality from smoking is preventable through 

smoking cessation. Smoking cessation in older adults remarkably reduced the risks 

of coronary events and cardiac deaths within 1 year of cessation, and risk gradually 

decreases over many years. This immediate benefit is due to the lowered arterial 

thrombotic risk through reduction in platelet adherence and improvements in 

endothelial function (Gratziou, 2009). Because stroke, ischemic heart disease, and 

myocardial infarction showed high incidence in older smokers, the benefit of 

smoking cessation on acute coronary events has great impact on older people.  

Respiratory symptoms (cough, wheeze, dyspnea) and pneumonia also falls in 

elderly people after smoking cessation, through reduction in the intensity of airway 

inflammation (Burns, 2000; A. LaCroix & Omenn, 1992).  
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significant decrease of all-cancer mortality and risk of various cancers -pancreas, 

kidney, bladder and oro-pharynx, bronchus- after smoking cessation (Flanders, 

Lally, Zhu, Henley, & Thun, 2003; A. Z. LaCroix, et al., 1991; Lam, et al., 2007).  

Moreover, smoking cessation after age 65 could extend both the number of 

years of life and the quality of life (Hays, et al.; A. LaCroix & Omenn, 1992; 

Taylor, Hasselblad, Henley, Thun, & Sloan, 2002).  

 

Nicotine dependence and health problems which were crucial determinants of 

smoking cessation might be affected by aging. In fact, nicotine binding to nicotinic 

receptors and nicotine metabolism, both of which are closely related to nicotine 

dependence, decreased with older age (Hukkanen, Jacob, & Benowitz, 2005; 

Picciotto & Zoli, 2002). Furthermore, health problems which were reported as 

dominant motivation of quitting smoking are rapidly increased after middle age 

(McCaul, et al., 2006). However previous analyses regarding age aspects of 

smoking behavior have mainly focused on younger people between the age of 15 

Age-associated factors of smoking cessation 

 

Many researchers have made effort to explore which characteristics influence 

smoking cessation (Ray, Schnoll, & Lerman, 2009; Ward, Klesges, & Halpern, 

1997). A recent study summarized the complex influence of multiple determinants 

from biological aspects to social context on smoking cessation (Ockene, et al., 

2000). If we think of the characteristics of various determinants of smoking 

cessation connected with aging, the determinants are distinguished between 

changeable and unchangeable factors due to aging (Figure 1).  
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and 29 years and most studies using adult population are likely to preclude 

individuals older than 50. Therefore empirical evidence is required to prove the 

association among aging, age-associated factors, and smoking cessation. In this 

study, we investigated two age-associated factors of smoking cessation - nicotine 

dependence and health problem – with focus on middle aged and older adults to 

connect the aging and the likelihood of smoking cessation.  

 

 

Figure 1-1. Age-associated factors of smoking cessation. 

 

  



5 

 

CHAPTER 2: Overview 

2.1 Age-associated changes in nicotine dependence   

2.1.1 Age characteristics of nicotine dependence 

 

Assessment of nicotine dependence 

 

Nicotine dependence results in an addiction to tobacco use, leading to 

psychological or physiological effect. For assessment of the nicotine dependence, 

two methods are commonly employed: Diagnosis and Statistical Manual of Mental 

Disorder (DSM) and six-item Fagerstrom Test for Nicotine Dependence (FTND). 

The former diagnoses the nicotine dependence from unstructured or semi-

structured individual interviews such as the Diagnostic Interview Schedule (DIS) 

(Robins, Helzer, Croughan, & Ratcliff, 1981). If three or more among the 

following criteria with clinical importance are applicable to someone, he/she can be 

diagnosed as the nicotine dependence.  

1. Tolerance (absence of adverse effects despite substantial tobacco use) 

2. Withdrawal (daily use for the past several weeks and, following abrupt 

cessation, experience of four or more of the following symptoms: depressed mood, 

insomnia, irritability, anxiety, difficulty concentrating, restlessness, decreased heart 

rate, increased appetite and weight gain) 

3. Repeated, unsuccessful attempts at quitting smoking 

4. Giving up recreational or occupational activities for smoking 

5. Continued use despite health risks 
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6. Smoking more frequently than intended 

The DSM just focuses on psychological dependence (Moolchan, et al., 2002), 

not reflects the relation to physical dependence. To measure physical dependence 

as well as psychological tobacco dependence (Dijkstra & Tromp, 2002), several 

scales have been developed. The six-item Fagerstrom Test for Nicotine 

Dependence (FTND) (Table 1) is the most common scale to facilitate 

measurement of the status and severity of nicotine dependence, (Heatherton, 

Kozlowski, Frecker, & Fagerstrom, 1991). It provides a continuous measure of 

severity of tobacco dependence while the DSM diagnosis has a binary outcome 

(i.e., dependent or not), predicting smoking cessation better than the DSM (N. 

Breslau & Johnson, 2000) 

 

In the Chinese population, the mean scores on the FTND have ranged from 25 

to 54 years of age, and these scores increased with age (Yang, Shiffman, Rockett, 

Cui, & Cao, 2011). Two previous studies suggested lower levels of nicotine 

dependence after age 50, but differences between the studies in the age categories 

Age characteristics of nicotine dependence 

 

Nicotine tolerance develops over time following the onset of consistent 

smoking. Smoking behavior and nicotine dependence typically progress from the 

early 20s through middle age. Previous studies using the DSM revealed that SI 

typically occurs before 25 years of age, with nicotine dependence was increasing 

until age of 40 (N Breslau, Johnson, Hiripi, & Kessler, 2001; Kandel & Chen, 

2000).  
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render direct comparisons difficult. One U.S. study suggested a significantly lower 

prevalence of nicotine dependence among individuals older than 50 in comparison 

with that among younger adults (Kandel & Chen, 2000). Similarly, another study 

reported that the mean FTND scores gradually decreased between 60 and 79 years 

of age; however, no significant association between FTND scores and age was 

reported.(John, et al., 2003) 

However few epidemiological studies have focused on the relationship between 

older age and nicotine dependence. Further, previous studies have not focused on 

nicotine dependence among individuals older than 50 according to more narrowly 

defined age categories, precluding proper statistical analyses in this population.  
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Table 2-1. Fagerström Test for Nicotine Dependence 

1. During the past 7 days, how 

many cigarettes did you smoke on 

a typical day? 

Cigarettes per day 

Scoring: If < = 10 cigs, score = 0; 11–20 = 1; 21–30 = 2; >30 = 3 

2. How soon after you wake up do 

you smoke your first cigarette? 

<5 min  6–30 

min  

31–60 

min 

>60 

min 

Scoring 3 2 1 0 

3. Do you find it difficult to 

refrain from smoking in places 

where it is forbidden, e.g., in 

church, at the library, in the 

cinema, etc.?  

yes  No 

Scoring  1 0 

4. Which one cigarette would 

you hate most to give up? (Circle 

one)  

first one in the 

morning  

all others 

Scoring  1 0 

5. Do you smoke more 

frequently during the first hours 

after waking than during the rest of 

the day? 

yes  No 

Scoring  1 0 

6. Do you smoke if you are so ill 

that you are in bed most of the 

day? 

yes  No 

Scoring  1 0 
a Calculating the points acquired from each question determines whether a patient is 

dependent on nicotine. Scoring: 0–2 points: very low addiction; 3–4 points: low addiction; 

5 points: medium addiction; 6–7 points: high addiction; 8–10 points: very high addiction.  

 Reference) Ray R. et al (2009) Nicotine dependence: Biology, Behavior and treatment.  
 



9 

 

 
2.1.2 Biological aging related to nicotine dependence 

According to brain imaging studies, nicotine enhances activity in various 

regions of brain such as prefrontal cortex, thalamus, and visual system (Brody, 

2006). Stimulation of central nAChRs by nicotine releases various 

neurotransmitters in the brain. Especially, dopamine is released through activation 

Biology of nicotine dependence 

 

Tobacco consists of many ingredients. Nicotine is most seriously related to the 

addiction or dependence because of its psychoactive effects, which include 

multiple effects such as stress reduction, arousal, increased attention, and 

suppression of appetite and so on. Nicotine is a strong agonist of several subtypes 

of nicotinic receptors in cholinergic nervous systems (Henningfield, Miyasato, & 

Jasinski, 1985). Various nAChRs subtypes are found in brain regions and have 

different sensitivity to nicotinic agonists, resulting in different pharmacological 

action. It indicates that diversity of nAChRs may explain the multiple effects of 

nicotine.  

Agonist (e.g. nicotine) binding changes allosteric state - the resting state of the 

subunits to the activated state, which leads to inflow of sodium ion and finally 

depolarization of the cell. Exposure to the nicotine induces a high degree of 

tolerance, which is mediated by several mechanisms (Koob, Sanna, & Bloom, 

1998). Receptor desensitization may explain acute and chronic tolerance 

(Rosecrans & Karan, 1993). Genetic factors also have an influence on the effects of 

nicotine including the development of tolerance (Collins & Marks, 1989).  
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of somatodendritic nAChRs in both nigrostriatal and mesolimbic dopamine 

pathway (Clarke & Pert, 1985). In experiment with rats, increased dopamine output 

by nicotine was observed in nucleus accumbens and blocking the dopamine release 

reduced self-administration of nicotine. Dopamine release in the shell of the 

nucleus accumbens has been related to drug-induced reward for most drugs. In 

other words, nicotine depends on dopamine for behavioral effects which are closely 

related to reinforcing effect of nicotine. This indicates the dependence-producing 

ability of tobacco. Furthermore, nicotine may also affect other neuronal systems 

related to substance dependence, such as opioid, serotonin and so on. In 

consequence, nicotine can give powerful reinforcer, which induces self-

administration of blood nicotine level.  

Even through average half-life of nicotine is reported to be approximately 2 

hours, genetic factor influences nicotine metabolism. Genetic variation in nicotine-

metabolizing enzymes has been extensively studied, especially cytochrome P450 

CYP2A6 gene. It has been repeatedly reported for association between CYP2A6 

gene and smoking behavior (Malaiyandi, Sellers, & Tyndale, 2005). The CYP2A6 

gene is related to metabolize the nicotine to its inactive form, cotinine and its wild-

type allele indicates faster metabolism. People having the CYP2A6 wild-type have 

more smoking amount and higher FTND scores (Malaiyandi, et al., 2006), and are 

likely to fail quitting smoking (Gu, Hinks, Morton, & Day, 2000). These results 

suggest that nicotine metabolism also affects the development of nicotine 

dependence. 
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Biological aging related to nicotine dependence 

 

Nicotinic receptor function and nicotine metabolism are inversely related to age 

increase. Previous studies have reported that nicotine binding and nicotine 

metabolism operate at lower levels in older compared with younger 

adults.(Hukkanen, et al., 2005; Picciotto & Zoli, 2002)  

Reduced nicotinic binding affinity has been shown in patients with 

neurodegenerative diseases and in aged individuals (Picciotto & Zoli, 2002). 

Nicotine binds to nicotinic receptors that are present in reward pathways in the 

brain (Benowitz, 2009). Ability of nicotine binding linearly decrease with aging 

(Marutle, Warpman, Bogdanovic, & Nordberg, 1998; Mitsis, et al., 2009), 

interestingly, a significant decrease in high-affinity nicotinic binding in the 

hippocampus, a brain region involved in addiction, has been shown to occur around 

age 40 (Court, et al., 1997; Gould, 2006).  

Nicotine metabolism also decreases in elderly individuals. In young adults, age 

does not affect the kinetics of nicotinic disposition;(Mwenifumbo, Sellers, & 

Tyndale, 2007) however, subjects over 65 years of age display significantly lower 

renal and non-renal clearance of nicotine and cotinine in comparison with young 

adults (Hukkanen, et al., 2005). Compared to young adults, subjects over the age of 

65 had 23% lower total clearance and 49% lower renal clearance (Molander, 

Hansson, & Lunell, 2001). 
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2.2 Age-associated factors in smoking cessation 

 

2.2.1 Factors related to smoking cessation in general population  

 

The various factors of smoking cessation and their multiple influences have 

been investigated a lot. Some reviews introduced various individual factors by five 

domains: demographics, smoking history, biological domain, intrapersonal domain, 

and interpersonal/social context (Ockene, et al., 2000; Ward, et al., 1997). And we 

summarized these as follows. 

The first is on demographics and smoking history. From information of 

demographic and smoking history, researchers can predict outcome with some 

degree of success. Age tends to be positively related to successful smoking 

cessation. In several studies based on population (Bjornson, et al., 1995; Freund, 

D'Agostino, Belanger, Kannel, & Stokes III, 1992; McWhorter, Boyd, & Mattson, 

1990), older smokers were more likely to have a successful quitting attempt and 

were less likely to relapse. The interesting point is that the effect of age on the 

smoking cessation is consistently significant after controlling their health status, 

although they are more likely to suffer from health problems related to smoking 

and the problems can strengthen motivation for quitting (McWhorter, et al., 1990) 

Gender is also related to smoking outcome. Several studies showed that 

women are less likely to maintain long-term abstinence than men (Bjornson, et al., 

1995; Freund, et al., 1992; McWhorter, et al., 1990; Ward, et al., 1997) The gender 

effect will be probably due to “decisional balance” differences. Men and women 

differently comprehend the benefits of smoking. Women are more satisfied with 
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the psychological benefit and weight-controlling effect of smoking than men 

(Klesges & Klesges, 1988; Weekley, Klesges, & Reylea, 1992). Futhermore there 

are differences in demographic and smoking history among men and women, such 

as educational level and age at quitting-attempt (Bjornson, et al., 1995; Jarvis, 1994) 

Psychological dependence on tobacco has been investigated with respect to 

smoking cessation. The used indices are followings: the number of years as a 

smoker, length and number of previous quit attempts, amount smoked, biochemical 

measures of tobacco intake, and Fagerstrom Test for Nicotine Dependence scores. 

Previous studies showed that all indices had a negative relation to the outcome 

(Bjornson, et al., 1995; Carey, Kalra, Carey, Halperin, & Richards, 1993; 

McWhorter, et al., 1990; Ockene, et al., 2000) although inconsistent findings was 

observed.(Kenford, et al., 1994)  

The second is on biological domain, which is a primary component of the 

nicotine reward and withdrawal. Smokers will biologically adapt themselves to 

proper smoking topography such as depth of inhalation and amount of time 

between cigarettes, regulating their levels of blood nicotine and preventing the 

initiation of withdrawal symptoms (Velicer, Redding, Richmond, Greeley, & Swift, 

1992). Smoking is a positive reinforcer in psychological and biological, and 

withdrawal from smoking causes negative effects, craving a cigarette (Benowitz, 

2009). 

Smoking cessation is also connected with intrapersonal domain, especially 

self-efficacy. It is the conviction to successfully behave for producing a desired 

outcome (Bandura, 1977). For smoking cessation, the self-efficacy means 

confidence to one’s ability to remain abstinent in a given situation. Previous studies 
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have demonstrated that low self-efficacy is related to smoking cessation and 

relapse (Gulliver, Hughes, Solomon, & Dey, 1995; Gwaltney, Metrik, Kahler, & 

Shiffman, 2009). Knowledge or belief about the health problems by smoking also 

affects the successful likelihood of  smoking cessation (Hughes, 2000). Smokers 

are likely to exhibit a cognitive dissonance. Namely, they look away from the risks 

associated with smoking while successful quitters are more likely to face up to the 

smoking’s risks (Halpern, 1994).  

Finally, there is interpersonal/social domain to smoking. Easy availability of 

tobacco and often exposure to highly risky situations for smoking may prevent or 

promote smoking and relapse. Therefore various tobacco control policies 

contribute to reduce smoking initiation and increased quitting behavior and success. 

Substantial evidence indicates that tobacco control policies, especially when 

combined in a comprehensive program, can substantially reduce smoking rates.18 

The WHO Framework Convention on Tobacco Control (WHO FCTC) and its 

guidelines provide the foundation for countries to implement and manage tobacco 

control. To help make this a reality, WHO introduced the MPOWER measures, 

which were 1) Monitor tobacco use and prevention policies, 2) Protect people from 

tobacco smoke, 3) Offer help to quit tobacco use, 4) Warn about the dangers of 

tobacco, 5) Enforce bans on tobacco advertising, promotion and sponsorship, and 6) 

Raise taxes on tobacco. That suggested comprehensive program including 5 

individual tobacco control policies such as clean air law, cessation treatment, 

warning label of cigarette, advertising ban, and taxation based on extensive review 

of studies for assessing the effects of tobacco control policy. 
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Table 2-2. Factors related smoking cessation. 

Domain Individual factors 

Demographics Age 

Gender 

Education 

Income 

Marital status 

Being employed 

Smoking history Number of cigarettes per day 

Smoking duration 

Age of smoking initiation 

Number of quit attempts 

Biological Nicotine dependence 

Smoking withdrawal 

Craving for a cigarette 

Weight gain 

Race 

Intrapersonal Confidence/self-efficacy 

Stress 

Health problems 

Knowledge and belief of health 

Psychiatric disorder 

Interpersonal/Social 

context 

Peer or family smoking status 

Social support 

Tobacco control policies 
Ref) Ward et al. (1997) Predictors of smoking cessation and state-of-the-art smoking interventions. 
     Ockene et al (2000) Relapse and maintenance issues for smoking cessation.  
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2.2.2 Factors related to smoking cessation in older population  

 

Predictors of smoking cessation are different between younger and older 

smokers. For general population, mostly young adults, a number of previous 

studies have reported various factors related to quitting smoking including 

demographics, socio-economic status, psycho-social characteristics and etc. On the 

other hand, a few studies to analyze the older quitters showed that health problems 

were main determinants of the smoking cessation. For example, evidence from 

cross-sectional studies suggested that the past smoking was associated with more 

than one health problem, disability, and depressive symptoms.(Abdullah, et al., 

2006; Chaaya, Mehio-Sibai, & El-Chemaly, 2006) Studies using longitudinal data 

of Epidemiologic Studies of the Elderly (EPESE) exhibited that myocardial 

infarction, stroke or cancer increased the smoking cessation.(Sachs-Ericsson, et al., 

2009; Salive, et al., 1992) Interestingly, most studies for older smokers have 

reported that socio-economic status such as education, income and health behaviors 

which were reported as strong predictors of the smoking cessation in general 

population were not associated with smoking cessation.(Abdullah, et al., 2006; 

Chaaya, et al., 2006; Whitson, Heflin, & Burchett, 2006)  

Health problems reflect a mixture of influences including socio-economic 

status, psychological distress, and health behaviors which are well-known 

predictors of the smoking cessation. As such, increasing health problems in older 

smokers may mediate effects of common related factors between the health 

problems and the smoking cessation. Indeed, a recent study demonstrated that 
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health problems mediated the association between psychological distress and 

smoking cessation in older smokers.(Sachs-Ericsson, et al., 2009)  
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CHAPTER 3: Study aims and hypothesis 

 

3.1 Study aims 

 

This study investigates age-associated factors of smoking cessation including 

nicotine dependence and health problems. Especially, middle aged and older ages 

are research focuses.  

Firstly, we demonstrate the age-associated pattern of nicotine dependence 

according to age span from 10’s to 90’s. Nicotine dependence is multiply 

influenced by both physical and psychological aspects. So we explore the physical 

and psychological features in age-associated changes of nicotine dependence. 

 

 

Figure 3-1. Age-associated changes in nicotine dependence 
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Secondly, we describe predictors of smoking cessation in middle aged and 

older smokers with focus on effect of chronic diseases. Increasing health problems 

in older smokers may mediate the effects of other predictors between the health 

problems and the smoking cessation, because the health problems were influenced 

by well-known predictors of the smoking cessation before quitting smoking. 

Therefore we assess differences in characteristics of smoking cessation by groups 

with and without chronic disease among middle aged and older smokers. And we 

further investigate the various characteristics of chronic disease to explore the 

mechanism of association between chronic diseases and smoking cessation.  

 

 

Figure 3-2. Predictors of smoking cessation and effect of health problem.  
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3.2 Hypothesis 

 
We set the hypothesis of age-associated changes in nicotine dependence and 

age-associated predictors of smoking cessation in middle aged and older ages.  

 

Specific hypothesis is as follows: 

 

I. Age-associated changes in nicotine dependence 

i) Nicotine dependence in older adults can be lower than younger 

adults. 

ii) Physical and psychological features of nicotine dependence can 

be differently changed. 

 
II. Age-associated predictors of smoking cessation 

i) Chronic disease can affect not only smoking cessation but also 

association between other predictors and smoking cessation. 

ii)  Specific characteristics about chronic disease such as severity 

and diagnosis time can differently influence smoking cessation.  
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CHAPTER 4.  Age-associated changes in nicotine dependence. 

 

Introduction 

 

Tobacco-related diseases are one of the leading causes of premature death. 

Nicotine is the main factor responsible for the dependence-forming properties of 

tobacco products, and nicotine dependence is widely recognized as one of the core 

factors in the maintenance of tobacco smoking (Benowitz, 2009).  

In a rapidly aging society, smoking and its impact on health are becoming 

primary social concerns in the elderly population (Allen, 2009; Elhassan & Chow, 

2007; Orleans, 1997). Indeed, 13 million Americans over the age of 50 and 4.5 

million adults over the age of 65 smoke cigarettes (Fiore, et al., 2008). Studies have 

shown that smoking cessation in older adults has significant health benefits (Taylor, 

et al., 2002). Smoking cessation in the elderly population reduces the increased risk 

of mortality from coronary heart disease, chronic obstructive pulmonary disease, 

and lung cancer (Dresler & Leon, 2007; Houston, et al., 2005) as well as improves 

recovery from acute and chronic illnesses (Boyd, 1996; Kuri, Nakagawa, Tanaka, 

Hasuo, & Kishi, 2005). In an effort to promote smoking cessation in the elderly, 

more studies should focus on nicotine dependence in this age group.  

Few epidemiological studies have focused on the relationship between age 

and nicotine dependence. Indeed, population-based surveys suggest that age 

significantly impacts nicotine dependence such that nicotine dependence increases 

with age from 20 to 50 years old and then decreases in smokers over 50 years of 
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age (John, et al., 2003; Kandel & Chen, 2000; Yang, et al., 2011). Previous studies, 

however, have not focused on nicotine dependence among individuals older than 

50 according to more narrowly defined age categories, precluding proper statistical 

analyses in this population.   

Nicotine dependence can be assessed by various measurements. Among the 

diverse measuring tools, the Fagerström Test for Nicotine Dependence (FTND) and 

the Diagnostic and Statistical Manual of Mental Disorders (DSM) are frequently 

used. The FTND and DSM measure different aspects of nicotine dependence 

(Moolchan, et al., 2002). The FTND predicts smoking cessation better than does 

the DSM-III-R (N. Breslau & Johnson, 2000) and measures physical as well as 

psychological tobacco dependence (Dijkstra & Tromp, 2002). Further, the FTND is 

also more powerful than the DSM for determining the degree of nicotine 

dependence.  

Therefore, in the present study, nicotine dependence was assessed in a large 

sample of smokers aged 10–80 using FTND. Age-associated patterns of nicotine 

dependence were investigated, with a strong focus on older adults. 
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Methods 

 

Study Subjects 

In 2005, the Korean National Smoking Cessation Program began providing 

behavioral and pharmacological tobacco-cessation treatments to smokers in all 

public health centers nationwide. This program offered free assistance for 6 months. 

Enrollment in the program included a baseline assessment of socioeconomic status 

(i.e., age, sex, occupation, and type of health insurance), physical characteristics 

(i.e., height and weight), smoking habits (i.e., age of smoking initiation [SI], 

cigarettes per day [CPD], and duration of smoking), biomarkers of smoking (i.e., 

expiratory carbon monoxide), and nicotine dependence (Fagerström Test for 

Nicotine Dependence [FTND]). Baseline assessment and medical records are 

stored in the National Database.  

Data for the present study was obtained from the National Smoking 

Cessation Program database and included baseline assessment measures of 349,107 

participants from January 1, 2008 to December 31, 2008. Personal information (i.e., 

identification number, name, address, and telephone number) was not included. 

Participants with missing information (n = 11,174) related to smoking were 

excluded from the study. Because nicotine dependence may change during 

cessation, 732 participants who quit smoking prior to the first visit were also 

excluded from the study. Accordingly, data from 337,933 current smokers (37,038 

females and 300,895 males) were included in the present study.  
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Study Measures 

Baseline assessments 

Baseline assessments were conducted during the initial smoking-cessation 

treatment consultation.  

Smoking History and Alcohol-related Problems  

Participants provided the following information: current average CPD, total 

smoking duration in years, initial smoking age (age at SI), and frequency and 

duration of cessation attempts during the previous year. Data on the average 

amount and frequency of alcohol consumption and alcohol-related problems were 

also collected.  

Nicotine dependence was determined with the Korean version of the FTND 

(Ahn, et al., 2002; Heatherton, et al., 1991). The Korean version of the FTND has 

high internal consistency (Cronbach’s alpha coefficient = 0.69) and test–retest 

reliability (correlation coefficient = 0.88) (Ahn, et al., 2002). The FTND includes 

the following six items: “How many cigarettes do you smoke a day?” (0–10, score 

0; 11–20, score 1; 21–30, score 2; ≥31, score 3); ‘‘How soon after waking up do 

you smoke your first cigarette of the day?’’ (≤5 min, score 3; 6 –30 min, score 2; 

31–60 min, score 1; >60 min, score 0); ‘‘Is it difficult to not smoke in public 

places?’’ (yes, score 1; no, score 0); ‘‘Do you smoke when you are ill and/or 

bedridden?’’ (yes, score 1; no, score 0); ‘‘Do you smoke more in the morning?’’ 

(yes, score 1; no, score 0); and ‘‘Which cigarette is the most difficult to give up?’’ 

(morning cigarette, score 1; other cigarette, score 0). Total FTND scores range 

from 0 and 10.  

Nicotine Dependence  
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CPD is used proxy measure of nicotine intake, which implies physical 

tolerance of nicotine (Benowitz, 2009; Joseph, et al., 2005). All FTND items 

excluding CPD item are subjective measures of nicotine dependence, so we used 

partial score excluding CPD item (partial FTND) to discriminate the psychological 

feature of nicotine dependence. 

 

Statistical Analysis 

Male and female subjects were analyzed separately as significant sex 

differences in nicotine dependence and nicotine metabolism have previously been 

reported (Hukkanen, et al., 2005; Klein, Stine, Vandenbergh, Whetzel, & Kamens, 

2004). Total and partial FTND scores and CPD were analyzed as dependent 

variables to detect changes in nicotine dependence according to age. To further 

explore the relationship between age and nicotine dependence, the means of the 

three dependent variables (CPD, total FTND score, and partial FTND score) were 

calculated according to age, body mass index (BMI), smoking history, alcohol-

related problems, type of health insurance, and residential area. The means of the 

three dependent variables in relation to age at SI were also determined. Multiple 

regression models were used to estimate the effects of aging on CPD, total FTND 

scores, and partial FTND scores after adjusting for possible confounding factors. 

Smoking duration was determined by the difference between current age, age at SI, 

and duration of smoking cessation. Smoking duration and age were highly 

correlated (Pearson correlation coefficient (r) = 0.9). Therefore, smoking duration 

was omitted from the multiple regression models. 

Nicotine dependence and CPD had a nonlinear relationship with age; 
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therefore, we tested additional high-order contributors in the regression analyses 

and determined their consistency with the quadratic model for age. Standardized 

regression coefficients were used to compare the effect size of the independent 

variables. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., 

North Carolina, US).  

 

Results 

 

The characteristics of the subjects who identified as current smokers during 

the baseline assessment are presented in Table 4-1. This group included 11.0% 

female and 89.0% male subjects. Sex differences in smoking variables were present, 

as male smokers were characterized by a greater number of CPD, earlier age of SI, 

longer duration of smoking, and higher FTND scores in comparison with female 

smokers. The correlation coefficient between CPD and total FTND scores was 0.7 

and that between CPD and partial FTND scores was 0.4 (data not shown). 
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Table 4- 1. General characteristics of study subjects   

Characteristic 
Female 

(N = 37,038 ) 
 

Male 

(N = 300,895) 

  Mean (SD)   Mean (SD) 

Age (yr) 43.9 (19.1)  43.1 (15.0) 

Age at smoking initiation (yr) 25.6 (10.4)  19.7 (4.0) 

Smoking duration (yr) 20.1 (14.5)  25.2 (14.0) 

Cigarettes per day 15.0 (9.1)  20.5 (10.4) 

FTND* 4.1 (2.5)  4.7 (2.5) 

Partial FTND† 3.5 (2.1)   3.6 (2.0) 
*FTND: Total score on Fagerström Test for Nicotine Dependence 
†FTND without CPD 
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The mean values for nicotine dependence and CPD in relation to age and 

nicotine-dependence variables are shown in Table 4-2. Smokers who had alcohol-

related issues, and a high BMI displayed greater nicotine dependence compared 

with other subjects. Significant differences in the mean scores were observed 

between all categories of variables in relation to FTND scores, CPD, and partial 

FTND scores. Although male smokers were characterized by higher CPD values, 

FTND scores, and partial FTND scores compared with female smokers, patterns 

based on age, alcohol-related issues, and BMI were comparable in both sexes. 

However, significant sex differences in smoking duration and age at SI were 

observed. In males, earlier age at SI and increased smoking duration were 

associated with higher levels of nicotine dependence and a greater number of CPD. 

Female smokers within the mid-range of smoking duration and age at SI showed 

the greatest nicotine dependence and reported the greatest number of CPD. 
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Table 4- 2. Mean distribution of age and smoking variables             

 
FTND   CPD   Partial FTND   Total 

 
Female Male   Female Male   Female Male   Female Male 

  
Mean 
(SE) 

Mean 
(SE)   Mean 

(SE) Mean (SE)   Mean (SE) Mean (SE)   N (%) N (%) 

Age 
           

  ≤ 20 2.7 (2.2) 2.7 (2.2)  9.2 (6.2) 9.6 (6.9)  2.4 (2.0) 2.4 (2.0)  4569 (12.3) 13955 (4.6) 
  20-29 4.0 (2.5) 4.2 (2.3)  14.0 (8.3) 17.1 (7.8)  3.4 (2.1) 3.3 (1.9)  5858 (15.8) 44902 (14.9) 
  30-39 4.5 (2.4) 4.6 (2.4)  16.5 (9.2) 20.7 (9.3)  3.7 (2.0) 3.5 (2.0)  5929 (16.0) 73880 (24.6) 
  40-49 4.8 (2.4) 5.2 (2.5)  18.1 (9.5) 23.7 (10.8)  3.8 (2.0) 3.8 (2.0)  6460 (17.4) 68540 (22.8) 
  50-59 4.9 (2.4) 5.3 (2.5)  18.2 (9.7) 23.6 (11.1)  4.0 (2.0) 3.9 (2.0)  5635 (15.2) 51488 (17.1) 
  60-69 4.1 (2.5) 4.9 (2.5)  14.9 (8.8) 20.2 (10.1)  3.5 (2.1) 3.8 (2.0)  3924 (10.6) 33352 (11.1) 
  70-79 3.6 (2.4) 4.2 (2.4)  12.4 (7.6) 16.0 (8.8)  3.1 (2.1) 3.5 (2.0)  3623 (9.8) 13361 (4.4) 
  ≥ 80 3.2 (2.3) 3.6 (2.3)  10.4 (6.6) 12.7 (7.7)  2.9 (2.1) 3.1 (2.0)  1040 (2.8) 1417 (0.5) 
Age at first 

smoking 
           

 ≤19 4.0 (2.6) 4.9 (2.5)  13.7 (8.9) 20.7 (10.9)  3.4 (2.1) 3.7 (2.0)  12226 
(33.0) 

138131 
(45.9) 

  20-29 4.4 (2.5) 4.6 (2.5)  16.2 (9.3) 20.5 (9.8)  3.6 (2.1) 3.5 (2.0)  12404 
(33.5) 

154231 
(51.3) 

 ≥ 30 4.1 (2.5) 4.2 (2.6)  15.1 (9.0) 19.5 (11.0)  3.4 (2.1) 3.2 (2.1)  12408 
(33.5) 

8533 (2.8) 

Smoking duration           
  ≤19 3.9 (2.5) 4.1 (2.4)  14.1 (8.8) 17.6 (8.9)  3.3 (2.1) 3.2 (2.0)  21006 

(56.7) 
116782 

(38.8) 
  20-29 4.9 (2.4) 5.1 (2.5)  17.9 (9.5) 23.2 (10.4)  3.9 (2.0) 3.7 (2.0)  7196 (19.4) 75531 (25.1) 

  ≥ 30 4.2 (2.5) 5.1 (2.5)  14.7 (9.1) 21.9 (11.0)  3.5 (2.1) 3.9 (2.0)  8836 (23.9) 108582 
(36.1) 

Alcohol problem            
  No 4.1 (2.5) 4.7 (2.5)  14.9 (9.1) 20.4 (10.4)  3.4 (2.1) 3.6 (2.0)  35065 

(94.7) 
275580 

(91.6) 
  Yes 4.9 (2.3) 5.0 (2.5)  17.1 (8.8) 22.1 (10.2)  4.0 (1.9) 3.7 (2.0)  1973 (5.3) 25315 (8.4) 
Prior quit attempt            
  No 4.1 (2.6) 4.8 (2.5)  14.9 (9.1) 20.8 (10.5)  3.4 (2.1) 3.6 (2.0)  28503 

(77.0) 
217101 

(72.2) 
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  Yes 4.3 (2.4) 4.5 (2.5)  15.4 (9.1) 19.8 (10.0)  3.6 (2.0) 3.4 (2.0)  8535 (23.0) 83794 (27.9) 
BMI            
  <18.5 3.8 (2.5) 4.1 (2.6)  13.4 (8.6) 15.5 (10.1)  3.2 (2.1) 3.3 (2.1)  4560 (12.3) 8704 (2.9) 
  18.5-<25 4.1 (2.5) 4.6 (2.5)  14.7 (8.9) 19.9 (10.0)  3.4 (2.1) 3.5 (2.0)  26172 

(70.7) 
200579 

(66.7) 
  ≥ 25 4.7 (2.5) 5.0 (2.5)  17.2 (9.9) 22.5 (10.8)  3.8 (2.1) 3.7 (2.0)  6306 (17.0) 91612 (30.5) 
Health insurance 

             The others 4.1 (2.5) 4.0 (2.2)  15.0 (9.8) 15.3 (8.1)  3.4 (2.0) 3.2 (1.9)  123 (0.3) 4002 (1.3) 
  Public insurance 4.2 (2.5) 4.7 (2.5)  15.2 (9.2) 20.7 (10.3)  3.5 (2.1) 3.6 (2.0)  

30374 
(82.0) 

281568 
(93.6) 

  Medicare 3.9 (2.6) 5.0 (2.5)  14.0 (8.8) 19.7 (11.0)  3.3 (2.2) 3.9 (2.0)  6541 (17.7) 15325 (5.1) 
Residential area 

             Large city 4.0 (2.5) 4.6 (2.5)  14.4 (8.8) 20.2 (10.1)  3.3 (2.1) 3.5 (2.0)  
16338 
(44.1) 

120621 
(40.1) 

  Medium-sized 
city 4.3 (2.5) 4.8 (2.5)  15.5 (9.3) 20.7 (10.4)  3.6 (2.1) 3.6 (2.0)  

15725 
(42.5) 

130266 
(43.3) 

  Rural area 4.2 (2.6) 4.9 (2.5)   15.3 (9.6) 20.9 (11.0)   3.4 (2.1) 3.7 (2.0)   4975 (13.4) 50008 (16.6) 
FTND, Total score of Fagerstrom Test for Nicotine dependence; CPD, cigarettes smoked per day; Partial FTND, Partial score of Fagerstrom Test for Nicotine 

Dependence except CPD score item. 
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The means of nicotine dependence stratified by the groups of age at SI are plotted 

in Figure 4-1. FTND scores increased until participants reached around 50 years of age 

and then decreased in all SI age groups. And CPD showed a similar age-related pattern 

like reverse U-shape. Although partial FTND exhibited similar age-pattern, inverse U-

shape was quite flat. CPD, FTND scores, and partial FTND scores were significantly 

higher in male and female subjects in all age groups as a function of early SI. We also 

examined the mean nicotine dependence (FTND, partial FTND) and CPD stratified by 

the groups of smoking duration. Similar age-related patterns as shown in Figure 4-1 were 

observed; specifically, the group with the longest duration of smoking showed the 

highest level of nicotine dependence and the greatest number of CPD across all age 

groups (Figure 4-2). 
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Figure 4-1. Mean distribution of scores on the Fagerström Test for Nicotine Dependence (FTND), cigarettes per day (CPD), and partial 

FTND (exclusive of the CPD item) scores according to age and age at smoking initiation. Values on X-axis indicate the means of following 

age groups (yr): (1) ≤19, (2) 20–24, (3) 25–29, (4) 30–34, (5) 35–39, (6) 40–44, (7) 45–49, (8) 50–54, (9) 55–59, (10) 60–64, (11) 65–69, (12) 70–

74, (13) 75–79, (14) ≥80. 
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Figure 4-2. Mean distribution of scores on the Fagerström Test for Nicotine Dependence (FTND), cigarettes per day (CPD), and partial 

FTND (exclusive of the CPD item) scores according to age and smoking duration. Values on X-axis indicate the means of the following age 

groups (yr): (1) ≤19, (2) 20–24, (3) 25–29, (4) 30–34, (5) 35–39, (6) 40–44, (7) 45–49, (8) 50–54, (9) 55–59, (10) 60–64, (11) 65–69, (12) 70–74, 

(13) 75–79, (14) ≥80. 
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Table 4-3 shows the effects of age on FTND scores, CPD, and partial FTND scores 

according to the multiple regression analyses. In all three models, age and age2 terms 

were statistically significant, with the strongest effects observed on dependent variables 

in both men and women. Additionally, a relationship between nicotine dependence and 

age at SI, number of prior attempts at cessation, alcohol-related problems, BMI, and 

residential area were also observed. Although the regression coefficients of age were 

attenuated, consistent results were obtained after mutually adjusting FTND and CPD 

scores (results not shown).  
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Table 4-3 Multiple regression coefficients for FTND, cigarettes per day (CPD), and FTND except CPD item score according to age and smoking 
variables. 

 
FTND* 

 
CPD 

 
Partial FTND† 

 
Women   Men 

 
Women   Men 

 
Women   Men   

  β B   β B   β B   β B   β B   β B 
   Age 0.212  1.598  * 0.224  1.336  * 0.862  1.804  * 1.272  1.840  * 0.144  1.309  * 0.119 0.882 * 

  Age2 -0.002  -1.416  * -0.002  -1.169  * -0.008  -1.659  * -0.013  -1.695  * -0.001  -1.136  * -0.001 -0.73 * 
  Age at smoking 
initiation (years) 

-0.046  -0.190  * -0.093  -0.148  * -0.127  -0.145  * -0.268  -0.104  * -0.036  -0.177  * -0.07 -
0.139 

* 

  Alcohol problem                    
    No                   
    Yes 0.513  0.046  * 0.198  0.022  * 1.152  0.028  * 0.738  0.020  * 0.411  0.044  * 0.124 0.017 * 
  Prior quit attempt                    
    No                   
    Yes 0.173  0.029  * -0.272  -0.049  * 0.212  0.010  * -1.166  -0.050  * 0.158  0.032  * -0.175 -

0.039 
* 

  BMI                   
    <18.5                   
    18.5-<25 -0.125  -0.022  * -0.038  -0.007   -0.369  -0.018  * 0.607  0.028  * -0.091  -0.020  * -0.074 -

0.017 
* 

   ≥ 25 0.227  0.034  * 0.132  0.024  * 1.120  0.046  * 2.194  0.097  * 0.139  0.025  * -0.036 -
0.008 

 

  Health insurance                   
    Public insurance                   
    Medicare -0.320  -0.048  * 0.122  0.011  * -1.353  -0.057  * -1.011  -0.021  * -0.211  -0.038  * 0.218 0.024 * 
    The others 0.100  0.002   0.159  0.007  * 0.709  0.004   -0.137  -0.002   0.039  0.001   0.192 0.011 * 
  Residential area                   
    Large city                   
    Medium-sized 
city 

0.320  0.063  * 0.193  0.038  * 0.948  0.051  * 0.670  0.032  * 0.246  0.058  * 0.138 0.034 * 

    Rural area 0.332  0.045  * 0.354  0.052  * 1.542  0.058  * 1.370  0.049  * 0.196  0.032  * 0.244 0.045 * 
Note: CPD=cigarettes per day; β=beta coefficient; B=standardized beta coefficient 
* p<0.05 
† Total score of Fagerstrom Test for Nicotine dependence. 
‡ Partial score of Fagerstrom Test for Nicotine dependence except CPD item score. 
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We further analyzed the mean differences between age groups to explore the 

decreasing patterns of nicotine dependence and CPD after middle age. Table 4-4 

shows the lsmeans of nicotine dependence and CPD and the statistical significance 

of post-hoc Tukey test stratified according to age groups by the groups of age at 

smoking initiation. CPD, FTND, and partial FTND scores were generally higher in 

early age at SI and in middle age both male and female subjects. Mean differences 

of total FTND and CPD were statistically significant between all age groups, 

whereas those of partial FTND were only significant between groups of 60-79 

years and over 80 years.  
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Table 4-4 Lsmeans for CPD and partial FTND according to age and age at smoking initiation groups by gender . 
   Age at smoking initiation   

  ≤19 yr   20-29 yr  ≥30 yr   

  FTND   CPD   Partial 
FTND 

  FTND   CPD   Partial 
FTND 

  FTND   CPD   Partial 
FTND 

  

Women                  
  

40-59 yr 5.5  * 19.9  * 4.4  * 5.0  * 18.6  * 4.0   4.4  * 17.0  * 3.6   

60-79 yr 4.6  ** 14.5   3.9   4.2   14.7  ** 3.5   3.9  ** 13.5  ** 3.3  ** 

≥80 yr 3.9  **

* 
12.7  **

* 
3.4  *** 3.9  **

* 
11.1  *** 3.5  **

* 
3.4  *** 11.3  *** 3.0  *** 

Men                  
 

40-59 yr 5.7  * 25.3  * 4.2   5.0  * 22.7  * 3.7   4.4  * 21.3  * 3.2  
 

60-79 yr 5.2  ** 20.3  ** 4.1  ** 4.6  ** 18.9  ** 3.6  ** 4.1  ** 18.2  ** 3.2  ** 

≥80 yr 4.3  **

* 
14.6  **

* 
3.7  *** 3.5  **

* 
13.2  *** 3.0  **

* 
2.9  *** 12.5  *** 2.4  *** 

Adjusted for alcohol problem, prior quit attempt, body mass index, type of health insurance and residential area. 
* P<0.001 of post-hoc Tukey test between groups of 40-59 yr and 60-79 yr. 
** P<0.001 of post-hoc Tukey test between groups of 60-79 yr and ≥80 yr. 
*** P<0.001 of post-hoc Tukey test between groups of 40-59 yr and ≥80 yr. 
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Discussion 

 

The present study focused on the relationship between age and nicotine 

dependence using data obtained from the National Smoking Cessation Program in 

South Korea. The primary finding of this study was that both nicotine dependence 

and CPD have an inverse U-shaped relationship with age with the peak at 50 years 

of age. CPD and total FTND exhibited salient decline since middle age, whereas 

partial FTND slightly decreased in older age. Additionally, early SI, increased 

smoking duration, alcohol-related issues, obesity, and residential area were major 

risk factors for nicotine dependence.   

In our study, the relationship between age and nicotine dependence was 

distinguished between increasing pattern from 10’s to 50’s and decreasing pattern 

from 50’s to 90’s. Firstly, the positive association between age and nicotine 

dependence is consistent with previous reports. Nicotine tolerance develops over 

time following the onset of consistent smoking. Smoking behavior and nicotine 

dependence typically progress from the early 20s through middle age. Previous 

studies using the DSM and FTND revealed that SI typically occurs before 25 years 

of age, with nicotine dependence continuing into age 40 (N Breslau, et al., 2001; 

Kandel & Chen, 2000; Yang, et al., 2011). On the other hand, the negative 

association between age and nicotine dependence has been less recognized in the 

literature. Two previous studies suggested lower levels of nicotine dependence after 

age 50, but differences between the studies in the age categories render direct 

comparisons difficult. One U.S. study suggested a significantly lower prevalence of 
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nicotine dependence among individuals older than 50 in comparison with that 

among younger adults (Kandel & Chen, 2000). Similarly, another study reported 

that the mean FTND scores gradually decreased between 60 and 79 years of age; 

however, no significant association between FTND scores and age was reported 

(John, et al., 2003). The authors of the study assumed a linear association between 

age and nicotine dependence in all ages between 20 and 64 years. The direction of 

the association between nicotine dependence and age changed at around age 50. 

Therefore, the significant decrease in nicotine dependence among those over 50 

years of age may have disappeared. 

The mechanism underlying the decrease in nicotine dependence after age 50 

is unknown. The biological effects of senescence on nicotine dependence may play 

a role. Previous studies have reported that nicotine binding and nicotine 

metabolism operate at lower levels in older compared with younger adults 

(Hukkanen, et al., 2005; Picciotto & Zoli, 2002). Nicotine binds to nicotinic 

receptors that are present in reward pathways in the brain (Benowitz, 2009). 

Interestingly, a significant decrease in high-affinity nicotinic binding in the 

hippocampus, a brain region involved in addiction, has been shown to occur around 

age 40 (Court, et al., 1997; Gould, 2006). Reduced nicotinic binding affinity has 

been shown in patients with neurodegenerative diseases and in aged individuals 

(Picciotto & Zoli, 2002). Decreased binding affinity is associated with the reduced 

addictive potential of nicotine-related substances (Brennan, Lea, Fitzmaurice, & 

Truman, 2010). Nicotine metabolism also decreases in elderly individuals. In 

young adults, age does not affect the kinetics of nicotinic disposition (Mwenifumbo, 

et al., 2007); however, subjects over 65 years of age display significantly lower 
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renal and non-renal clearance of nicotine and cotinine in comparison with young 

adults (Molander, et al., 2001). Moreover, deficiencies in nicotine metabolism 

reduce CPD and nicotine dependence (Malaiyandi, et al., 2005). Taken together, 

senescence may result in inefficient nicotinic binding and reduced clearance, 

thereby gradually diminishing smoking cravings. These effects would not impact 

adults prior to senescence during the rise of the nicotine dependence curve.  

Alternatively, reduced nicotine dependence after 50 years of age may be 

related to increased health-related issues in elderly individuals. Previous studies 

have reported that smokers with multiple health issues have a significantly greater 

probability of smoking cessation (Sachs-Ericsson, et al., 2009; Whitson, et al., 

2006). Health problems may motivate smokers to reduce the number of CPD. 

Finally, the risk of mortality in smokers has a dose–response pattern whereby the 

most addicted smokers may be less likely to survive into old age (Nilsson, 

Carstensen, & Pershagen, 2001). The alternative hypotheses presented here warrant 

further investigation.  

Although CPD and total FTND strongly declined since middle age, partial 

FTND slightly decreased merely in oldest age group. CPD which is one objective 

item among FTND questionnaires was used as index of nicotine intake. 

Consequently CPD can be considered to represent physical dependence (Benowitz, 

2009; Lubin, Caporaso, Hatsukami, Joseph, & Hecht, 2007). On the other hand, 

other FTND items excluding CPD item were subjective measures on nicotine 

dependence. Although the FTND was developed for measuring the physical 

dependency of nicotine, it is a valid measure of both physical and psychological 

nicotine dependence (Dijkstra & Tromp, 2002; Etter, Duc, & Perneger, 1999; 
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Haddock, Lando, Klesges, Talcott, & Renaud, 1999). Therefore partial FTND score 

might be more likely to imply psychological dependency than CPD and total 

FTND score. Connectively considering our results and characteristic of partial 

FTND, flat curve of partial FTND according to age suggested more constant 

feature of psychological dependence by age than physical dependence. 

In addition to the observed age-associated patterns, the present study showed 

that early SI and increased smoking duration are significant risk factors for high 

nicotine dependence. Early SI was the main predictor of being a daily smoker and 

having a low probability of smoking cessation (N. Breslau, Fenn, & Peterson, 1993; 

N. Breslau & Peterson, 1996; Horn, Fernandes, Dino, Massey, & Kalsekar, 2003). 

Previous epidemiological studies have revealed the strong association between 

early age at SI and nicotine dependence.2,3 Smoking duration is also a factor in the 

nicotine dependence of adolescent smokers (N. Breslau, et al., 1993; Prokhorov, 

Pallonen, Fava, Ding, & Niaura, 1996). The association between smoking duration 

and nicotine dependence is, however, relatively weak in adults (John, et al., 2003; 

Kandel & Chen, 2000). Smoking duration is highly correlated with age, as smoking 

duration is derived from the difference between current age and age at SI. 

Therefore, the decline among older adults may be the reason for the weak 

association between smoking duration and nicotine dependence in adults. The 

present study demonstrated that smokers with a long duration of smoking displayed 

higher nicotine dependence after age stratification. In contrast, the crude mean 

values for nicotine dependence did not reveal a linear pattern with regard to 

increased smoking duration.  

The major strength this study is the large sample size of older smokers. 
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Although a relationship between age and nicotine dependence was observed, 

several limitations prevented the establishment of a causal relationship between 

these factors. As our results were obtained using cross-sectional data, the results for 

each age group may reflect not only the impact of age, but also that of cohort, 

especially if older cohorts smoked less during their youth. Smoking in Korea has 

been decreasing since 1970, and previous survey results have shown patterns of 

CPD by age that are similar to those emerging from the present survey. Specifically, 

the 1998 and 2008 Korean National Health and Nutrition Examination Surveys 

(KNHANES) found that the mean CPD decreased during middle age. Therefore, 

the effect of cohort does not explain the association of older age and fewer CPD. 

Participants in the present study were involved in the National Smoking Cessation 

Program. Thus, it was likely that participants in the present study were more 

dependent on nicotine than were average smokers. Although the subjects in the 

current study were not a representative sample, the age and sex distributions of our 

sample were similar to those of the general Korean population 

(http://www.kosis.kr/eng/database/database_001000.jsp?listid=B&subtitle=Populat

ion). Therefore, selection bias due to differential participation is unlikely to explain 

the results of our study. 

In conclusion, the present study further exhibited the significant relationship 

between nicotine dependence and age and different age-patterns between CPD and 

partial FTND. Our data suggested that public programs for promotion of smoking 

cessation were considered age-related feature, and physical and psychological 

dependency of nicotine dependence. Further studies are necessary to further 

establish the effects of aging on nicotine dependence.  

http://www.kosis.kr/eng/database/database_001000.jsp?listid=B&subtitle=Population�
http://www.kosis.kr/eng/database/database_001000.jsp?listid=B&subtitle=Population�
http://www.kosis.kr/eng/database/database_001000.jsp?listid=B&subtitle=Population�
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CHAPTER 5. Age-associated factors in smoking cessation  

 

Introduction 

 

Smoking has been the leading cause of premature mortality, therefore smoking 

cessation is most effective in prevention of premature death. Even in elderly people, 

smoking cessation can improve recovery of smoking-related morbidity, reduce risk 

of mortality, and consequently prolong more than 2 years of life.(Dresler & Leon, 

2007; Houston, et al., 2005; Kuri, et al., 2005; Taylor, et al., 2002) Nevertheless, 

older smokers have been less likely to receive an intervention for facilitating the 

smoking cessation from physicians compared with young adults (Buckland & 

Connolly, 2005; Steinberg, Akincigil, Delnevo, Crystal, & Carson, 2006). Further, 

empirical data have been insufficient to develop cessation program for older 

smokers. 

Predictors of smoking cessation are different between younger and older 

smokers (Abdullah, et al., 2006; Chaaya, et al., 2006). Studies for older adults 

mainly reported that smoking-related chronic disease increased the smoking 

cessation (Sachs-Ericsson, et al., 2009; Salive, et al., 1992). And socio-economic 

status which is reported as strong predictors of the smoking cessation in general 

population was not shown the consistent association with smoking 

cessation.(Abdullah, et al., 2006; Chaaya, et al., 2006; Whitson, et al., 2006)  

Chronic diseases are influenced by socio-economic status, psychological 

distress, and health behaviors, which are well-known predictors of the smoking 
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cessation. Thus chronic disease may mediate the effects of above mentioned factors 

on smoking cessation (Sachs-Ericsson, et al., 2009). Therefore previous analyses 

considering chronic diseases as the independent determinants of the smoking 

cessation would underestimate the effect of common related factors between 

chronic diesease and smoking cessation. Moreover, they would conceal a 

heterogeneity effect of the factors between groups with and without health 

problems. 

In this study, we assessed differences in characteristics of smoking cessation by 

groups with and without chronic disease among middle aged and older smokers. 

We also reviewed the effect of health problems on smoking cessation to explore 

various health measures including general health status as well as chronic disease 

characteristics. The data analyzed here were taken from Korean Longitudinal Study 

of Ageing (KLoSA), conducted in 2006 and 2008. These data allowed us to 

investigate the predictors of the smoking cessation among middle aged and older 

smokers through longitudinal analysis. 

 

Methods 

 

Study subjects  

The KLoSA was a longitudinal panel survey to collect information of 

demographics, health status, medical expenditure, employment and income for 

middle aged and older adults(Jang, et al., 2009). The KLoSA was designed to 

produce a nationally representative sample for Korean aged 45 and older 
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population by using a multistage stratified probability sampling based on 

geographical area. The surveys of first and second wave were conducted 

employing a computer assisted personal interviewing method in 2006 and 2008. 

Wave 1 data were collected from 10,254 participants and the response rate was 

70.7%. For wave 2 data, 8,688 participants were repeatedly surveyed except 

follow-up losses (n=1,379) and deaths (n=187). Our analysis was limited to the 

smokers at baseline who participated in all waves of panel survey (n=1,656). And 

middle aged smokers were included to consider the onset of chronic disease. After 

excluding the missing data (n=184), we finally used 1,472 smokers for the study. 

 

Study Measures 

Baseline smokers were defined as current smokers who had smoked over 100 

cigarettes during their entire life in 2006 and classified as quitters and non-quitters 

based on smoking status in 2008. Among the baseline smokers of 1,472, 241 who 

responded “No” to question “Do you smoke now?” in the wave 2were classified as 

the quitters in our study. 

A lot of studies reported demographic characteristics, socio-economic status, and 

health behaviors were associated factors of the smoking cessation.(Boyle, 

O'Connor, Pronk, & Tan, 2000; Leinsalu, Tekkel, & Kunst, 2007) Therefore we 

considered the covariates such as age, marital status, education level, income, 

economic activity, residential area, age at smoking initiation, cigarettes per day, 

regular exercise and problematic alcohol use.  

Various health measures including self-rated health, depressive symptoms, 

disability, and self-reported diagnosed chronic diseases were used to assess net 
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effect of the health problems on the smoking cessation. The self-rated poor health 

was classified as answers of poor and very poor based on 5-pointed answers 

including normal. The depressive symptoms were defined as score above 4 on the 

Center for Epidemiological Studies-Depression 10 scale (CES-D 10).(Andresen, 

Malmgren, Carter, & Patrick, 1994) Disability was defined as having any 

dependence among 10-items using Korean version of Instrumental Activities of 

Daily Living (IADL).(Won, et al., 2002) The diagnosed chronic diseases and 

activity of daily living (ADL) difficulty due to the chronic disease were defined as 

having a disease or difficulty from one or more among the eight chronic diseases: 

hypertension, diabetes, cancer, lung disease, liver disease, cardio-vascular disease, 

cerebro-vascular disease, and arthritis. To consider the time of diagnosis of chronic 

disease and occurrence of ADL difficulty, they were categorized into 4 groups as 

follows: none, before baseline, during follow-up interval, and before baseline & 

added during follow-up interval.  

 

Statistical Analysis 

  We presented frequencies and proportions and chi-square test results of 

demographics, socio-economic status, health behaviors and health measures to 

compare the distributions by groups with and without diagnosed chronic disease in 

2008. We calculated quitters’ proportion and chi-square statistics according to all 

variables to assess the related factors of the smoking cessation by groups with and 

without the chronic disease. Standardized smoking cessation rates according to 

educational level were calculated to adjust the age and sex distribution using 

population census in 2010. A multiple logistic regression analysis was performed to 
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evaluate the influence of each variable on the smoking cessation after mutually 

adjusting demographics, socio-economic status, health behaviors and health status. 

Analyses were performed using SAS, version 9.1 (SAS Institute, Inc., Cary, NC). 

 

 Results 

 

Table 5-1 shows the general distributions and smoking cessation rate according 

to general characteristics by groups with and without the chronic disease in 2008. 

Data for gender, age, marital status, education level, household income, economic 

activity and residential area are presented. The chronic disease patients showed 

high distribution in women, older ages,  widowed/divorced/separated or single, 

low educational level, low income, and no economic activity people. The smoking 

cessation rates were 12.4% in healthy people and 21.5% in chronic disease patients. 

Overall, healthy people and chronic disease patients showed the similar trends of 

the smoking cessation rate according to most items. However for exceptional items 

such as education and residential area, the smoking cessation rate showed the 

reverse trend among two groups. Higher educated people and urban area dwellers 

were more likely to quit smoking among those who have chronic disease, whereas 

lower educated people and rural area dwellers more intend to do the smoking 

cessation among those who did not chronic conditions.  
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Table 5-1 Smoking cessation rate according to demographics and socioeconomic status by group with and without diagnosed chronic disease in 
2008. 

 Without chronic disease in 2008 (N=831)  With chronic disease in 2008 (N=641) 

 Baseline  
smokers 
(2006) 

2 years f/u  Baseline  
smokers 
(2006) 

2 years f/u 

 
Non-

quitters Quitters χ2  
Non-

quitters Quitters χ2 
  n % % p-value  n % % p-value 
Total 831 87.6 12.4     641 78.5 21.5 <.0001 

 Demographics         Gender            Women 57 79.0  21.1  0.040   93 79.6  20.4  0.780  
  Men 774 88.2  11.8    548 78.3  21.7   
Age *          
  45-54 years 417 89.0  11.0  0.217   156 85.9  14.1  0.009  
  55-64 years 227 88.1  11.9    211 79.6  20.4   
  ≥65 years 187 84.0  16.0   

 
274 73.4  26.6   

Marital status *          
  Married 735 87.5  12.5  0.767   512 77.9  22.1  0.506  
  Widowed/single/divorced/ 96 88.5  11.5    129 80.6  19.4   
Residential area            Urban area 617 86.2  13.8  0.040   479 78.7  21.3  0.804  
  Rural area 214 91.6  8.4    162 77.8  22.2   

 Socioeconomic status         
Education *          
  No formal education 83 94.0  6.0  0.095   113 75.2  24.8  0.643  
  Elementary/middle school 313 88.5  11.5    294 78.9  21.1   
  More than a high school 435 85.8  14.3    234 79.5  20.5   
Equivalent household income *         
  1T  243 87.7  12.4  0.409   247 77.3  22.7  0.566  
  2T 252 89.7  10.3    229 80.8  19.2   
  3T 336 86.0  14.0    165 77.0  23.0   
Economic activity *          
  Yes 589 88.6  11.4      297 80.5  19.5    
  No 242 85.1  14.9  0.164   344 76.7  23.3  0.252  

Note:  T=tertile 

* p< 0.05, chi-square test 
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Older people and women are lower educated in Korea, in consequence, 

educational level was closely related with age and sex. Therefore we shows age 

and sex standardized smoking cessation rate according to educational level (Figure 

5-1). The healthy people showed increase of the quitting rate with educational level. 

The values were 2.5%, 11.4% and 11.6% for no formal educated, elementary or 

middle school graduated, and more than a high school graduated, respectively. On 

the other hand, the group with chronic disease indicated that the lowest educated 

had the highest cessation rate (28.4%), and next 2 groups had same smoking 

cessation rate (19.3%).  
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Figure 5-1 Age and sex standardized smoking cessation rate according to 
educational level by group with and without a chronic disease in 2008. 
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We also investigated the smoking cessation rate according to smoking history, 

health behaviors and health status at baseline by group with and without chronic 

disease. As shown in table 5-2, the chronic disease patients had poor self-rated 

health and suffered from depressive symptoms and IADL disability compared with 

the healthy group. However health status was not consistently associated with the 

smoking cessation. The regular exercise increased the smoking cessation in both 

groups. In healthy group, the quitting rates were18.4% and 9.7% for regular 

exercise people and no regular exercised people. The trend deepened in chronic 

disease patients and the values increased to 28.8% and 17.7% for people with and 

without regular exercise and not, respectively. The early age at smoking initiation 

also affected the quitting rate, but the effect was restricted to the group without 

chronic disease.  
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Table 5-2. Smoking cessation rate according to smoking history, health behaviors and health status at baseline by group with and 
without diagnosed chronic disease in 2008. 

 Without chronic disease in 2008  With chronic disease in 2008 

 Baseline  
smokers 
(2006) 

2 years f/u  Baseline  
smokers 
(2006) 

2 years f/u 

 
Non-

quitters Quitters χ2  
Non-

quitters Quitters χ2 
  n % % p-value   n % % p-value 

 Smoking history         Age at smoking initiation         
  <20 years 639 86.1  13.9  0.014   492 77.9  22.2  0.484  
  ≥20 years 192 92.7  7.3    149 80.5  19.5   
Cigarettes per day          
  ≤20 cigs 754 87.0  13.0  0.099   586 77.7  22.4  0.097  
  >20 cigs 77 93.5  6.5    55 87.3  12.7   

 Health behaviors         
Problematic alcohol use         
  Yes 200 88.5  11.5  0.660   157 79.6  20.4  0.688  
  No 631 87.3  12.7    484 78.1  21.9   
Regular exercise          
  Yes 256 81.6  18.4  0.001   218 71.1  28.9  0.001  
  No 575 90.3  9.7    423 82.3  17.7   

 Health status         
  Self-rated health          

  Good 89 92.1  7.9  0.170  245 81.6  18.4  0.126 
  Poor 742 87.1  12.9    396 76.5  23.5   Depressive symptoms *†         
  Yes 189 87.8  12.2  0.915   247 80.2  19.8  0.410  
  No 642 87.5  12.5    394 77.4  22.6   Disability *‡          
  Yes 99 86.9  13.1  0.813   109 75.2  24.8  0.366  
  No 732 87.7  12.3      532 79.1  20.9    

* p< 0.05, chi-square test 
† CES-D 10 score ≥ 4 
‡ Having any dependence among 10-items in instrumental activity daily living (IADL).   
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Table 5-3 presents the results of multiple logistic regressions by groups with and 

without chronic disease to adjust the mutual effects of considered variables on 

smoking cessation. It indicates that above the 65 years old had 2.7 and 2.0 times 

higher probabilities of smoking cessation than the middle aged among both groups 

with chronic disease or not. The smoking cessation probability of the regular 

exercised smokers was approximately 2 times those that of the non-regular 

exercised smokers in both groups. The educated healthy people had higher 

probability of quitting smoking compared with no formal educated people (OR, 

elementary/middle school graduated= 3.12; more than a high school 

graduated=4.42), but the educational level didn’t have a significant effect on the 

smoking cessation to the chronic disease patients.  
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Table 5-3 Multiple logistic regressions for smoking cessation according to socioeconomic status, health behaviors and health status by group 
with and without chronic disease in 2008. 
 Without chronic disease in 2008  With chronic disease in 2008 

 OR 
95% CI  OR 

95% CI 

  Lower Upper   Lower Upper 

 Demographics       Men 0.334  0.146  0.767   1.116  0.540  2.308  
Age (vs. 45-54 years)        
  55-64 years 1.277  0.737  2.213   1.427  0.792  2.570  
  ≥65 years 2.746  1.434  5.260  

 
2.004  1.091  3.682  

Married 1.236  0.564  2.710   1.126  0.617  2.057  
Urban area dweller (vs. rural area) 1.453  0.818  2.582   0.930  0.579  1.494  

 Socioeconomic status       
Education (vs. no formal education)       
  Elementary/middle school 3.115  1.053  9.214   0.744  0.402  1.374  
  More than a high school 4.415  1.419  13.730   0.690  0.339  1.403  
Equivalent household income (vs. 1T)   

 
   

  2T 0.841  0.466  1.517   0.872  0.545  1.395  
  3T 1.214  0.701  2.102   1.026  0.598  1.761  
No economic activity 1.179  0.681  2.042   1.088  0.688  1.721  

 
Smoking history 

      Early smoking initiation (<20 years) 0.557  0.304  1.022   0.891  0.552  1.438  
Heavy smoking (>20 cigs) 0.563  0.217  1.462   0.528  0.228  1.225  

 Health behaviors       
No drinking 1.020  0.609  1.707   0.985  0.618  1.569  
Regular exercise  1.757  1.121  2.753   1.986  1.309  3.012  

 Health status       
Self-rated poor health  0.566  0.226  1.419   0.677  0.423  1.085  
Depressive symptoms 0.959  0.553  1.665   0.903  0.570  1.430  
Disability  1.181  0.605  2.304    1.188  0.708  1.993  

Note: OR=odds ratios; CI=confidence interval; T= tertile; cigs=cigarettes 
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In table 5-4, we focused on chronic disease patients and specifically investigated 

the relationship between the smoking cessation and the characteristics of chronic 

disease. We analyzed the variables related the diagnosis time and the severity of 

chronic disease as the characteristics of chronic disease. For this analysis, we 

categorized the variables considering the time of diagnosis. And the ADL difficulty 

due to the chronic disease was used as the proxy measures of severity of chronic 

disease. In consequence, patients who had diagnosed chronic disease and ADL 

difficulty due to chronic disease during follow-up interval were more likely to quit 

their smoking than those before baseline. Further, the patents with new diagnosis of 

chronic disease and occurrence of ADL difficulty were more likely to enhance the 

smoking cessation, regardless of whether having existed condition or not.  
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Table 5-4 Smoking cessation rate according to the diagnosed time of 
chronic diseases and ADL difficulty due to chronic disease among 
chronic disease patients. 

 Baseline  
smokers 
(2006) 

2 years f/u 

 
Non-

quitters Quitters χ2 

  n % % p-
value 

 Diagnosed time of chronic 
disease 

  
 

  Before baseline 467 83.08 16.92 <0.001 
  Before baseline and added 
during f/u interval 

73 64.38 35.62 
 

  During f/u interval 101 67.33 32.67 
 

 
ADL difficulty due to chronic 
disease    
  None 333 81.38 18.62 0.010  

  Before baseline 87 82.76 17.24 
 

  Before baseline and added 
during f/u interval 

127 77.17 22.83 
 

  During f/u interval 94 65.96 34.04   
Note: ADL=Activity of daily living; f/u=follow-up 
Diagnosed chronic disease including eight health conditions such as hypertension, diabetes, 
cancer, lung disease, liver disease, cardio-vascular disease, cerebro-vascular disease and 
arthritis. 
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Next, we analyzed further the independent effect of time and severity of chronic 

disease. Table 5-5 shows the odds ratios for smoking cessation according to 

diagnosed time of chronic disease and ADL difficulty due to chronic disease after 

mutually adjusted. The newly diagnosed patients showed more quitting probability 

whether having the existed chronic disease or not (During f/u interval, OR= 2.43; 

Before baseline and added during f/u interval, OR=2.41).Whereas the ADL 

difficulty due to the chronic disease that represented the severity of chronic disease 

were not associated with the smoking cessation. 
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Table 5-5 Mutually adjusted odds ratios for  smoking cessation 
according to the diagnosed time of chronic diseases and ADL difficulty 
due to chronic disease among chronic disease patients. 

 OR 
95% CI 

  Lower Upper 

Diagnosed time of chronic disease    

  Before baseline Ref - - 

Dur ing f/u interval  2.431 1.391 4.251 

  Before baseline and added 
dur ing f/u interval 

2.412  1.328  4.381  

ADL difficulty due to chronic 
disease    
  None Ref - - 

  Before baseline 1.150  0.586  2.256  

  During f/u interval 1.542  0.860  2.767  

  Before baseline and added 
during f/u interval 

1.346  0.732  2.475  

Note: ADL=Activity of daily living 
Adjusted for demographics (age, marital status, residential are), socioeconomic status 
(education, household income, economic activity), smoking history (age at smoking 
initiation, smoking amount) and health behaviors (drinking, exercise). 
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Discussion 

 

The chronic disease was the predominant factor of smoking cessation among 

middle aged and older adults. Further, the existence of chronic disease altered the 

effect of education on smoking cessation. Education enhanced the quitting rate 

among healthy smokers, but its effect was diminished among chronic disease 

patients. After studying the influence of chronic disease characteristics on smoking 

cessation, we found that the strong effect of newly diagnosed chronic disease and 

weak effect of disease severity. Additionally, older age and regular exercise were 

commonly related to quit smoking both groups with and without chronic disease.  

Health problems have been consistently reported as an important predictor to 

quit smoking among older adults.(Abdullah, et al., 2006; Chaaya, et al., 2006; 

Sachs-Ericsson, et al., 2009; Salive, et al., 1992) This study also showed that the 

chronic disease patients had 2 times higher quitting rate than the healthy people. 

Although previous studies have not exactly explained the reason of the increased 

quitting rate in the chronic disease patients, it was simply supposed that the 

smoking cessation was externally driven by poor health condition in an ordinary 

sense. If this result was affected by mainly ‘ill-effect’, more severe health problem 

might more increase the smoking cessation. However the indexes of chronic 

disease severity were not associated with the smoking cessation in this study. These 

results suggested the unexpected mechanism in which the health problems affected 

the smoking cessation. 

Among the characteristics related to the chronic disease, only new diagnosed 
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chronic disease increased the quit smoking. Recent study showed that around the 

time of diagnosis of the smoking-related illness raised the smoking 

cessation.(Salive, et al., 1992) The new patients may be more likely to receive 

advice about the quit smoking from their new physicians and comply with that. The 

advice from medical professionals was effective to promote the smoking 

cessation.(Stead, Bergson, & Lancaster, 2008) Further, the smoking-related disease 

improved the compliance with the physician advice.(Pederson, 1982) Therefore the 

physician advice and the changed compliance may influence the relation between 

the chronic disease and the smoking cessation, and these may be another 

explanation of the mechanism of the health problems. 

Although education was a well-known predictor of smoking cessation in general 

population,(Broms, Silventoinen, Lahelma, Koskenvuo, & Kaprio, 2004; Khuder, 

Dayal, & Mutgi, 1999; Osler, Prescott, Godtfredsen, Hein, & Schnohr, 1999) the 

education level has inconsistent effect on quitting smoking among older 

smokers.(Abdullah, et al., 2006; Chaaya, et al., 2006; Whitson, et al., 2006) When 

considering the rapidly increasing health problems in older age and the strong 

association of education and health problems, the diminished effect of education 

among the older adults might be related to the chronic disease. In this study, the 

healthy middle aged and older adults showed the increased quitting rate with the 

educational level, which is similar to general population. On the other hand, the 

quitting rate of the chronic disease patients showed the opposite pattern with the 

educational level. Disadvantaged smokers including low educated smokers had less 

understanding about their health issues. (Lacey, et al., 1993) In consequence, they 

may be less likely to be sensitive to harmful effect of smoking on their future 
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health, on the other hand, they may be more likely to respond to the smoking 

cessation after the  occurrence of health problems.(Pisinger, Aadahl, Toft, & 

Jorgensen, 2011) Moreover, the health information from physician could 

compensate the disadvantage of low educated smokers after diagnosis of chronic 

disease. Therefore the heterogeneity effect of education depending on the existing 

chronic disease might be closely related to the change of psychosocial environment 

due to the diagnosis of chronic disease. 

The regular exercise was a common indicator of smoking cessation in both 

groups with and without diagnosed chronic disease. Evidence from a number of 

studies indicated that exercise was related to the smoking cessation.(Boutelle, 

Murray, Jeffery, Hennrikus, & Lando, 2000; Boyle, et al., 2000) Success in 

changing one or more health behaviors might increase self-efficacy to correct 

another risk behavior.(Prochaska, Spring, & Nigg, 2008) Therefore, exercise might 

be proposed as the aid for  smoking cessation.(Ussher, Taylor, & Faulkner, 2012) 

We could not consider the smoking relapse because we used 2 years follow-up 

data. It was impossible to conduct an analysis by the duration of smoking cessation 

due to small sample size of quitters. Therefore our results might overestimate the 

effect of related factors on the smoking cessation. Baseline smokers might be 

selective sample excluding already quitters. Therefore our results might over- or 

under-estimate the effect of related factors on the smoking cessation. Although 

self-reported medical problems and smoking status were reliable,(Mossey & 

Shapiro, 1982; Patrick, et al., 1994) the self-reported information including 

diagnosed disease, disability, and smoking status might contain a few reporting 
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errors. Nevertheless, this study provides the new information regarding the groups 

with and without diagnosed chronic disease for middle aged and older adults.  

Recent diagnosis of chronic disease had powerful effect on smoking cessation 

than severity of that. And chronic disease diminished the disadvantage of quitting 

smoking in low educational smokers. These results suggest that the crucial effect of 

chronic disease might be supported by not only ill-effect but also changed 

psychosocial environment such as health education. More educational supports in 

clinical and political areas are necessary to promote the smoking cessation.  
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CHAPTER 6. General discussion 

 

In aging society, the smoking and its health harm of the elderly have become 

more concerned social problem. Therefore, this study investigated age-associated 

factors of smoking cessation which were nicotine dependence and health problems, 

especially with focus on middle aged and older population. In consequence, first 

analysis exhibited that CPD which was index of physical dependence of nicotine 

has an inverse U-shaped relationship to age with the peak at 50 years of age. 

Although partial FTND which reflected psychological dependence showed similar 

inverse U-shaped relationship with age, it was quite flat. Next analysis revealed 

that recent diagnosis of chronic disease had powerful effect on smoking cessation 

than its severity in middle aged and older smokers. Chronic disease diminished the 

disadvantage of quitting smoking among low educational smokers.  

It has been generally accepted that older smokers are more difficult and less 

prepared to quit their smoking due to long smoking duration than younger smokers 

(Elhassan & Chow, 2007). Moreover, some people have a belief that smoking 

cessation in old age would be too late to obtain the health benefit (Allen, 2009). 

These common beliefs could impede the effort of smoking cessation in older 

smokers. Indeed, older smokers have been less likely to receive an intervention and 

to be a target in smoking cessation campaign compared with young adults (Allen, 

2009; Clark, Hogan, Kviz, & Prohaska, 1999; Steinberg, et al., 2006; Walters & 

Coleman, 2002).  

On the other hand, empirical data showed opposite features from common 
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belief about behavior change in older smokers. For example, older smokers who 

motivated to quit are more likely to be successful than younger smokers (Burns, 

2000; Campbell, Prescott, & Tjeder-Burton, 1996; Vetter & Ford, 1990). There is 

no consistent association between age and stage of readiness to quit smoking 

(Clark, Rakowski, Kviz, & Hogan, 1997; Kviz, Clark, Crittenden, Warnecke, & 

Freels, 1995) The smoking prevalence of middle aged and older smokers more 

rapidly decreased after implementation of tobacco control policies than that of 

younger smokers (Park, et al., 2009). Although these studies suggested that older 

adults might be more likely to be sensitive to cessation treatment and smoking 

policies than young adults, it has been not sufficient that further study to explain 

why they are more sensitive to cessation treatment and policy. 

This study might provide the explanations about mechanism of behavioral 

change in older smokers. Decreased CPD from middle age and the powerful effect 

of chronic diseases on smoking cessation might increase likelihood of smoking 

cessation in older smokers. In other words, older smokers might be more easily to 

quit their smoking than younger smokers due to decreased physical nicotine 

dependence and prevalent chronic diseases.  

However it doesn’t mean that older smokers naturally quit their smoking 

without any efforts. Firstly, our study showed relatively constant partial FTND 

score with age compared with CPD. This result suggests that older smokers might 

continue their smoking due to maintained psychological dependence in spite of 

decreased physical dependence. Secondly, this study exhibited that dominant effect 

of recent diagnosis of chronic disease compared with severity of the disease. It 

means that decision to quit smoking for older smokers might be more influenced 
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by environmental and perceptional change from recent diagnosis than poor health 

condition itself.  

 

 

Figure 6-1. Relationships among aging, age-associated factors of smoking 

cessation, and smoking cessation 

 

Therefore we conclude that although age-associated factors might improve 

likelihood of smoking cessation, older smokers need triggers to make a decision 

about changing their habit (Fig 5-1). The triggers might be cessation treatment and 

health education.  

We should make an effort to prepare the health consequences of smoking in 

aging society, and the best way is smoking cessation. Even older smokers can 

obtain the definite health benefit from cessation. Therefore this study gives a 

massage that older smokers should be more supported to quit the smoking. 
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국문초록 

 

중∙고령자의 흡연은 질병 이환 및 사망의 위험을 지속적으로 증가시

킨다. 흡연의 해악이 큰 만큼, 금연을 통한 건강의 유익도 명백하여, 65

세 이상 노인 흡연자도 금연할 경우 심혈관계 질환, 만성폐쇄성 폐질환, 

암 및 뇌혈관 질환의 이환 및 사망의 위험이 감소되고, 신체적 기능이 

증진되며, 수명이 연장되는 것으로 보고되고 있다. 또한 노화는 흡연행

태에 영향을 미치는 생물학적, 사회적 관련요인을 변화시키므로, 중∙고령

자의 흡연행태 및 그 영향요인은 젊은 성인과 다를 수 있다. 그러나 흡

연에 관한 대다수의 선행연구들은 청소년과 젊은 성인을 주 연구대상으

로 다루고 있어, 고령 금연자의 특성을 파악할 수 있는 정보는 매우 부

족한 실정이다. 따라서 이 논문에서는 노화에 의해 영향을 받을 수 있는 

금연의 영향요인 중 흡연 지속의 핵심 요인인 니코틴 의존도와 금연의 

주요 동기부여 요인인 만성질환이 중∙고령자의 금연에 미치는 영향을 연

구하였다. 

니코틴 의존은 흡연을 지속하는 주요한 원인으로 설명되고 있다. 니

코틴 수용체의 반응과 니코틴의 생체 대사과정은 니코틴 의존도와 연관

성이 있는 것으로 보고되었으며, 이들은 노화에 영향을 받는다. 따라서 

본 논문의 첫 번째 장에서는 10대에서 90대까지 전 연령구간에 따른 니

코틴 의존도를 확인함으로써, 중∙고령기 니코틴 의존도의 상대적 수준을 

파악하고자 하였다. 분석자료는 2008년 전국 보건소 금연 클리닉의 일
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차 방문조사자료를 활용하였고, 니코틴 의존도는 Fagerström Test for 

Nicotine Dependence (FTND)로 측정하였다. 흡연량은 니코틴 의존과 

FTND 측정의 주요한 요인이며, 니코틴 섭취량을 반영하는 변수로 니코

틴의 신체적 의존 지표로 고려하였다. 더불어 FTND 총점 중 흡연량을 

제외한 부분 점수도 종속변수로 고려하여 심리적 니코틴 의존의 지표로 

활용하였다. 분석 결과 니코틴의존도(FTND 총점)와 흡연량은 50세까

지는 연령과 함께 증가하다가 이후 감소하는 동일한 패턴을 보였다. 반

면 FTND 부분 점수는 연령에 따른 변화의 폭이 상대적으로 작았다. 요

약하면, 연령은 니코틴 의존도와 유의한 역U자형 관계를 보였고, 꼭지점

은 약 50세였다. 노년기 감소하는 니코틴 의존도는 신체적 의존도를 반

영하는 흡연량에서 두드러지게 나타났고, 상대적으로 심리적 의존도를 

더 많이 반영하고 있는 FTND 부분점수는 연령간 큰 변화를 보이지 않

았다. 즉, 노년기까지 유지되는 니코틴의 심리적 의존은 흡연을 지속하

게 하지만, 외부적 요인에 의해 이들에게 금연의 동기가 부여될 경우에

는 젊은 성인에 비해 낮은 신체적 의존도로 인해 금연성공이 더 용이할 

것으로 사료된다. 

다음으로 중∙고령기 급증하는 만성질환이 금연 및 금연의 다른 관련

요인에 미치는 영향을 연구하였다. 고령 금연자에 대해 분석한 소수의 

연구들은 건강문제를 금연의 주요한 예측인자로 보고하고 있다. 그러나 

건강문제는 금연에 선행하여 금연의 예측인자로 알려진 다른 요인들의 

영향을 받으므로, 고령 흡연자의 건강문제는 금연과 건강문제 간 공통된 
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관련요인들의 중개변수로 작용했을 수 있다. 따라서 이 장에서는 만성질

환이 있는 군과 없는 군간 금연 특성의 차이를 살펴보고, 중∙고령자의 

금연에 있어 건강문제의 효과를 확인하였다. 이 분석을 위해서는 고령화 

연구 패널조사 (Korean Longitudinal Study of Ageing, 이하 KLoSA)

의 2개년 조사자료 중 결측치가 없는 흡연자 1,472명의 정보를 활용하

였다. 그 결과, 만성질환군은 건강군보다 2년간 2배 높은 금연율을 보였

다. 또한 교육은 만성질환군과 건강군간 상반된 연관성을 보여, 건강군

에서는 금연과 양의 관련성을 보인 반면, 만성질환군에서는 금연과 음의 

관련성을 보였다. 즉, 중∙고령자에서 흔히 발병하는 만성질환은 금연의 

중요한 예측인자일 뿐 아니라 교육과 금연간 연관성의 효과 조정자 

(effect-modifier)로 작용하였다고 볼 수 있다. 그리고 최근 만성질환을 

진단받은 경우 금연율이 증가하였던 반면, 질병의 중등도를 반영하는 

‘만성질환으로 인한 일상생활 수행 장애’ 여부는 금연과 유의한 연관성

을 보이지 않았다. 최근 진단받은 만성질환이 금연에 미치는 강력한 효

과와 만성질환 중등도의 약한 영향력은 만성질환과 금연간 연관성이 아

프기 때문(ill-effect)이라는 이유 이외에 다른 설명요인이 있음을 시사

한다. 앞서 건강군에서 유의했던 교육수준의 영향력이 만성질환군에서 

사라진 결과와 연계하여 생각하면, 만성질환 진단으로 인해 발생하는 환

경적 변화, 예를 들어 의료진이 제공하는 건강정보 등이 다른 설명요인

이 될 수 있다.  

본 연구결과는 중∙고령기 급증하는 건강문제와 니코틴 의존도의 감
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소는 금연의 가능성을 증가시킬 수 있음을 보여주었다. 그러나 두 연구 

결과의 공통적인 면은 노화에 의해 변화된 관련요인들이 실제적으로 금

연으로 연결되기 위해서는 외부적 동기부여 요인이 필요하다는 점이며, 

이는 중∙고령자를 위한 금연정책 및 금연 치료의 필요성을 부각시킨다. 

바꿔 말하면, 노화에 의한 생물학적 요인의 변화는 금연정책 및 치료의 

민감도를 증가시키는 것일 뿐이며, 실제적인 금연의 기폭제는 금연을 위

한 정책적∙임상적 노력이 될 수 있다. 따라서 향후 고령화되는 사회에서 

노년기의 건강증진을 위해 중∙고령자의 금연에 대한 관심은 더욱 필요할 

것이다.  
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